
MVP Health Care® policy and procedure guidelines.

Policies Effective February 1, 2025

2025 Laboratory 
Policies



 

   Page 1 of 18 

 

Bone Turnover Markers Testing 
Policy Number: AHS - G2051 �² Bone Turnover 
Markers Testing 

Prior Policy Name and Number, as applicable: 

�x AHS - G2051 �² Bone Turnover Markers for Diagnosis 

and Management of Osteoporosis and Diseases 

Associated with High Bone Turnover 

POLICY DESCRIPTION 
RELATED POLICIES 
INDICATIONS AND/OR LIMITATIONS OF COVERAGE 
NOTES: 
TABLE OF TERMINOLOGY 
SCIENTIFIC BACKGROUND 
GUIDELINES AND RECOMMENDATIONS 
APPLICABLE STATE AND FEDERAL REGULATIONS 
APPLICABLE CPT/HCPCS PROCEDURE CODES 
EVIDENCE-BASED SCIENTIFIC REFERENCES 
REVISION HISTORY 

Policy Description  

Bone metabolism involves a continual, dynamic equilibrium between bone growth and resorption. Bone 
turnover markers (BTMs) are biochemical markers for assessment of bone formation or bone resorption. 
These markers may be useful in determining risk of fracture and bone loss (Rosen, 2021b). 

Related Policies  

Policy Number  Policy Title  
AHS-G2005 Vitamin D Testing 

AHS-G2164 Parathyroid Hormone, Phosphorus, Calcium, and Magnesium Testing 

Indications and/or Limitations of Coverage  

�$�S�S�O�L�F�D�W�L�R�Q���R�I���F�R�Y�H�U�D�J�H���F�U�L�W�H�U�L�D���L�V���G�H�S�H�Q�G�H�Q�W���X�S�R�Q���D�Q���L�Q�G�L�Y�L�G�X�D�O�·�V���E�H�Q�H�I�L�W���F�R�Y�H�U�D�J�H���D�W���W�K�H���W�L�P�H���R�I���W�K�H��
�U�H�T�X�H�V�W�����6�S�H�F�L�I�L�F�D�W�L�R�Q�V���S�H�U�W�D�L�Q�L�Q�J���W�R���0�H�G�L�F�D�U�H���D�Q�G���0�H�G�L�F�D�L�G���F�D�Q���E�H���I�R�X�Q�G���L�Q���W�K�H���´�$�S�S�O�L�F�D�E�O�H���6�W�D�W�H���D�Q�G��
�)�H�G�H�U�D�O���5�H�J�X�O�D�W�L�R�Q�V�µ���V�H�F�W�L�R�Q���R�I���W�K�L�V���S�R�O�L�F�\���G�R�F�X�P�H�Qt. Bone turnover markers are listed in Note 1.  

1) For individuals treated with bisphosphonates, measurement of bone turnover markers to assess an 
individual �·�V compliance with bisphosphonate therapy  or for fracture risk prediction  MEETS 
COVERAGE CRITERIA at the following intervals:  

Initial Presentation Date: 09/18/2015 
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a) To establish baseline levels before initiating bisphosphonate treatment 

b) Every three months after initiation or change of therapy for the first year. 

c) Every two years when no medication changes have occurred.   

2) For individuals with osteoporosis, measurement of bone turnover markers to monitor teriparatide 

treatment DOES NOT MEET COVERAGE CRITERIA. 

The following does not meet coverage criteria due to a lack of available published scientific literature 

confirming that the test(s) is/are required and beneficial for the diagnosis and treatment of an individual’s 

illness. 

3) As a diagnostic test for osteoporosis, measurement of bone turnover markers DOES NOT MEET 

COVERAGE CRITERIA. 

4) In the diagnosis and management of patients with other conditions associated with high rates of 

bone turnover, measurement of bone turnover markers DOES NOT MEET COVERAGE CRITERIA. 

 

NOTES: 

Note 1: Bone turnover markers include (Rosen, 2021a, 2021b; Talwar, 2020): 

1. Bone formation markers 

a. Serum bone–specific alkaline phosphatase (BSAP/BALP) 

b. Serum osteocalcin (OC) 

c. Serum type 1 procollagen (C-terminal/N-terminal): C1NP or P1NP  

2. Bone resorption markers 

a. Urinary hydroxyproline (HYP) 

b. Urinary total pyridinoline (PYD)  

c. Urinary free deoxypyridinoline (DPD)  

d. Urinary or serum collagen type 1 cross-linked N-telopeptide (NTX)  

e. Urinary or serum collagen type 1 cross-linked C-telopeptide (CTX)  

f. Bone sialoprotein (BSP)  

g. Serum Tartrate-resistant acid phosphatase 5b (TRACP5b)  

h. Cathepsin K 

Table of Terminology 

Term Definition 

AACE American Association of Clinical Endocrinologists  

ACE American College of Endocrinology  

AFOS Asian Federation of Osteoporosis Societies 

ALP Alkaline phosphatase 

B-ALP Bone-specific alkaline phosphatase 

BAP Bone-specific alkaline phosphatase  

BMA Bone marker assays 

BMD Bone mass density  
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BMD Bone mineral density  

BP Bisphosphonates  

BSAP/BALP Bone-specific alkaline phosphatase specific to osteoblasts 

BSP Bone sialoprotein  

BTMs Bone turnover markers  

C1NP or P1NP  Type 1 procollagen (C-Terminal/N-Terminal) 

CKD Chronic kidney disease 

CKD-MBD Chronic kidney disease–mineral and bone disorder 

CLIA ’88 Clinical Laboratory Improvement Amendments of 1988  

CMS Centers for Medicare and Medicaid  

CTX C-CT terminal telopeptide of type I collagen  

CV Coefficient of variation  

DEXA Dual energy x-ray absorptiometry 

DPD Deoxypyridinoline  

ELISA The enzyme-linked immunosorbent assay 

ESCEO Economic aspects of osteoporosis and osteoarthritis 

FDA Food and Drug Administration 

FRAX Fracture Risk Assessment Tool 

GR Gradient of risk  

HYP Hydroxyproline  

ICTP Serum c-terminal cross-linked telopeptide of type I collagen  

IFCC International Federation of Clinical Chemistry and Laboratory Medicine 

IOF International Osteoporosis Foundation  

ISCD International Society for Clinical Densitometry  

KDIGO Kidney disease improving global outcomes  

LDTs Laboratory-developed tests  

LSC Least significant change  

NAMS North American Menopause Society  

NOGG National Osteoporosis Guideline Group  

NTX N-telopeptide 

NTX Cross-linked n-telopeptides of type 1 collagen  

OC Osteocalcin  

PDB Paget's disease of bone 

PHPT Primary hyperparathyroidism 

P1CP Carboxy terminal propeptide 

P1NP Procollagen type I n propeptide  

PTH Parathyroid hormone 

PYD Pyridinoline  

RACGP Royal Australian College of General Practitioners 

ROS Royal Osteoporosis Society 

s-CTX Serum c-terminal cross-linking telopeptide of type I collagen 

s-PINP Serum procollagen type I N propeptide  

TH Total hip  

TRACP-5b/TRAP-5B Tartrate-resistant acid phosphatase 5b 

USPSTF United States Preventative Services Task Force  
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βCTX-I  

Bone alkaline phosphatase for bone formation and c-terminal cross-linking 

telopeptide of type I collagen 

Scientific Background 

The resorption and reformation of bone are normally tightly regulated and coupled so that bone mass 

does not change. Bone disease occurs when these processes are uncoupled (Rosen, 2021a, 2021b). 

Biomarkers involved in the processes of resorption or formation have been proposed as measures for 

prediction of future bone loss, fracture risk, and more. Resorption markers include pyridinium crosslinks 

(PYD, DPD), C- and N-telopeptides (CTX, ICTP, NTX), tartrate-resistant acid phosphatase (TRACP) 5b, and 

cathepsin K, while formation markers include procollagen type I propeptides (PICP, PINP), osteocalcin, 

and bone-specific alkaline phosphatase (BSAP, also known as BALP) (Rosen, 2021a, 2021b).  

Formation markers are characteristic of bone formation rate. PICP and PINP are carboxy- and amino-

sides of the tropocollagen peptide, which is a precursor to type I collagen in bone. The serum 

concentration of these peptides reflects synthesis of new collagen. Osteocalcin is a component of 

osteoid, and BSAP is the alkaline phosphatase specific to osteoblasts. These biomarkers reflect the 

activity of osteoblasts. Of these markers, BSAP and PINP are considered the most clinically useful (Rosen, 

2021a, 2021b). 

Resorption markers are characteristic of bone resorption rate (breakdown of bone). Pyridinium crosslinks 

are components of bone collagen, C- and N- telopeptides are crosslinks between bone collagen 

molecules, TRACP is anchored to the osteoclasts that initiate bone resorption, and cathepsin K is 

involved in digestion of the organic matrix (Manolagas, 2022; Rosen, 2021a, 2021b). Of these markers, 

urinary NTX and serum CTX are considered the most clinically useful (Rosen, 2021a, 2021b). 

The measurement and use of these biomarkers remain complicated. Biologic variability between and 

within patients is significant, as factors such as age, gender, body mass index, circadian rhythms, 

menstruation, smoking, time of food consumption, exercise, and more may influence the levels of BTMs 

(Rosen, 2021a, 2021b). Moreover, assays used to measure these biomarkers vary considerably, as both 

urinary and serum samples have been used. Lack of standardization has limited the use of BTMs in the 

clinical setting (Rosen, 2021a, 2021b). 

Vitamin D supplementation has been used in the past for musculoskeletal diseases in both a prevention 

and treatment capacity— but data on supplementation with vitamin D and any corresponding effects on 

bone resorption and formation has been inconclusive. One study that investigated the effects of vitamin 

D supplementation on bone turnover markers such as bone-specific alkaline phosphatase (bALP), 

osteocalcin (OC), C-terminal telopeptide (CTX), and procollagen type 1 N-terminal propeptide (P1NP) 

failed to show any significant impact of vitamin D on bone turnover markers (Schwetz et al., 2017), while 

another study noted “a small, but significant, decrease in the bone formation marker procollagen of type 

1 amino-terminal propeptide (P1NP)—in the vitamin D group as compared to the placebo group” (Jorde 

et al., 2019).  

Analytical Validity 

Eastell et al. (2000) assessed the biological variability between serum and urinary N-telopeptides of type 

I collagen (NTX). A total of 277 postmenopausal individuals were included, and urine and serum 

specimens were included to identify short-term variability. Long-term variability was determined by 

comparing NTX at baseline and at two months. The authors found the median short-term coefficient of 
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variation (CV) was 13.1% for urinary NTX and 6.3% for serum NTX. Long-term CV% was found to be 

15.6% for urinary NTX and 7.5% for serum NTX. The authors also observed that to be 90% confident that 

a decrease in NTX after antiresorptive therapy was not caused by variability alone, a 31% decrease in 

urinary NTX and a 14% decrease in serum NTX are needed (Eastell et al., 2000). 

Seibel et al. (2001) described the results of an international proficiency testing program 

for biochemical bone markers among clinical laboratories. The authors sent out two urinary and two 

serum pools (both normal and increased concentrations of markers) to 79 laboratories. The CVs were as 

follows: “serum bone-specific alkaline phosphatase (n = 47 laboratories), 16–48%; serum osteocalcin (n 

= 31), 16–42%; urinary free deoxypyridinoline (n = 30), 6.4–12%; urinary total deoxypyridinoline and 

pyridinoline (n = 29), 27–28%; urinary N-terminal cross-linked telopeptide of type I collagen (n = 10), 

39%; serum C-terminal cross-linked telopeptide of type I collagen (ICTP; n = 8), 22–27%; urinary 

hydroxyproline (n = 13), 12%”. The authors concluded that “even with identical assays and methods, 

results for most biochemical markers of bone turnover differ markedly among laboratories” (Seibel et al., 

2001).  

Schafer et al. (2010) assessed the laboratory reproducibility of urine N-telopeptide (NTX) and serum 

bone-specific alkaline phosphatase (BAP). The authors obtained serum and urine from five 

postmenopausal individuals and sent specimens to six labs over eight months. They found that 

“Longitudinal coefficients of variation (CVs) ranged from 5.4% to 37.6% for NTX and from 3.1% to 23.6% 

for BAP. Within-run CVs ranged from 1.5% to 17.2% for NTX” (Schafer et al., 2010). 

Hlaing and Compston (2014) notes that “although automated platforms have substantially improved the 

analytical variability of bone turnover markers, reproducibility still varies substantially”. The National 

Bone Health Alliance executed a project to standardize bone turnover marker collection procedures and 

reduce pre-analytical variability (Bauer et al., 2012). The results of that project and the IOF and IFCC 

Bone Marker Standards Working Group identification of PINP and CTX-I in blood to be the reference 

markers of bone turnover for the fracture risk prediction and monitoring of osteoporosis treatment 

(Vasikaran et al., 2011) have resulted in recommendations for standard sample handling and patient 

preparation (Szulc et al., 2017). Standardization and harmonization of clinical assays for bone turnover 

markers such as CTx and P1NP are ongoing (IFCC, 2020). 

Clinical Utility and Validity 

Johansson et al. (2014) performed a meta-analysis to “examine the performance characteristics of serum 

procollagen type I N propeptide (s-PINP) and serum C-terminal cross-linking telopeptide of type I 

collagen (s-CTX) in fracture risk prediction in untreated individuals in prospective cohort studies.” Six 

studies were included. The authors identified a “significant” association between s-CTX and risk of 

fracture (gradient of risk [GR] = 1.18). The hazard ratio per standard deviation increase in s-PINP was 

found to be 1.23 and was unadjusted for bone mineral density. The association between s-CTX and 

fracture risk was found to be 1.23. The authors concluded that “there is a modest but significant 

association between BTMs and risk of future fractures” (Johansson et al., 2014). 

Marques et al. (2016) “assessed whether circulating bone formation and resorption markers (BTM) were 

individual predictors for trabecular and cortical bone loss, periosteal expansion, and fracture risk in older 

adults aged 66 to 93.” A total of 1069 participants were included in the study. Bone formation was 

assessed by serum procollagen type I N propeptide (PINP) and osteocalcin, and bone resorption was 

assessed by C-terminal cross-linking telopeptide of type I collagen (CTX). Inter-assay coefficients of 

variation were <3% for all BTM. A total of 236 participants sustained a fracture during the median 
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follow-up of 11.7 years. The authors found that “increase in BTM levels was associated with faster 

cortical and trabecular bone loss at the femoral neck and proximal femur. Higher BTM levels were 

positively related with periosteal expansion rate at the femoral neck in men. Markers were not 

associated with fracture risk” (Marques et al., 2016). 

Mederle et al. (2018) investigated the correlation between bone mass density (BMD) and “serum levels 

of BTMs (tartrate-resistant acid phosphatase-5b [TRAP-5b]), bone-specific alkaline phosphatase (BSAP), 

in postmenopausal osteoporotic individuals as compared to healthy postmenopausal subjects.” A total 

of 132 postmenopausal individuals with osteoporosis were included along with 81 healthy 

postmenopausal individuals. BSAP was found to have a sensitivity of 76.5% and specificity of 84.3% at a 

cutoff of 21.27 U/L, and TRAP-5b was found to have a sensitivity of 86.3% and specificity of 90.6% at a 

cutoff of 3.45 U/L. The authors concluded that “our study showed that BMD correlates negatively with 

BTMs and TRAP-5b presents a good specificity in identifying patients with postmenopausal 

osteoporosis” (Mederle et al., 2018).  

Tian et al. (2019) performed a meta-analysis “to explore whether bone turnover biomarkers (BTMs), i.e., 

C-terminal telopeptide of type I collagen (CTX) and procollagen type I aminoterminal propeptide (PINP), 

are associated with fracture.” Nine studies were included. PINP had a “significant” positive association 

with fracture (adjusted gradient risk [GR] = 1.28) after adjusting for confounders. CTX was also seen to 

associate with fracture (GR = 1.20). The authors concluded, “Our results indicate a statistically significant 

but modest association between BTMs (s-PINP or s-CTX) and future fracture risk after adjusting for BMD 

and clinical risk factors. The causal relationship between the two clinical conditions requires future 

validation with more standardized studies” (Tian et al., 2019). 

Naylor et al. (2019) evaluated bone turnover markers (BTMs) ability to monitor “offset of treatment with 

bisphosphonates (BP) in osteoporosis.” This was done by comparing the changes in BTMs and total hip 

(TH) bone mineral density (BMD). CTX and PINP were the BTMs analyzed, and offset was defined by “an 

increase greater than the least significant change (LSC) and an increase above the reference mean 

value.” Fifty individuals were included, and at 48 weeks after stopping BPs, “CTX was greater than the 

LSC for 66% of the participants and PINP 72%; CTX was above the reference mean for 64% of the 

participants and PINP 42%.” The authors also found that the decrease in TH-BMD was greater for those 

with the largest increases in BTMs, compared to those with “continued suppression.” The authors 

concluded that “The measurement of BTM after withdrawal of BPs is potentially useful to evaluate 

patients that are taking a pause from treatment. An increase in BTMs more than the LSC and/or 

reference mean reflects loss of treatment effect and identifies patients that are likely to have a decrease 

in BMD” (Naylor et al., 2019). 

Massera et al. (2019) evaluated the associations of osteocalcin (OC) and C-telopeptide of type I collagen 

(CTX) with “long-term incidence of hip fracture” in post-menopausal individuals. A total of 1680 

individuals from the population-based Cardiovascular Health Study were included, and over a median 

follow-up period of 12.3 years, 288 hip fractures occurred. The authors found that increasing levels of 

CTX up to the middle-upper range (hazard ratio = 1.52 per standard deviation increase), with increases 

past this range only incrementally increasing risk (hazard ratio = 0.8). The authors identified an “inverted 

U-shaped relationship with incident fracture after adjustment” when comparing quartiles to each other, 

and an association was only seen for the quartile three to quartile one comparison (hazard ratio = 1.63). 

In a subset with “available measures,” both OC and CTX were “inversely associated with bone mineral 

density of the hip.” The authors concluded that “CTX, but not OC, levels were associated with incident 

hip fracture in post-menopausal individuals, a relationship characterized by an inverted U-shape” 

(Massera et al., 2019). 
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Migliorini et al. (2021) performed a systematic review of clinical trials reporting data on biomarkers for 

postmenopausal osteoporosis. A total of 36,706 patients were included from randomized trials. Data on 

biomarkers and clinical outcomes such as BMD, t-score, rate of fractures and adverse events were 

analyzed. Authors found that greater values of bone alkaline phosphatase (bALP) were associated with 

more vertebral and non-vertebral fractures. Greater values of urinary cross-linked N-telopeptides of type 

I collagen (NTx) at baseline were linked with an increase in adverse events at the last follow-up, and 

greater values of C-telopeptide of type I collagen at baseline were associated with more adverse events 

leading to discontinuation, gastrointestinal adverse events, musculoskeletal adverse events, and 

mortality. The authors concluded that the review “supports the adoption of BMTs during 

pharmacological therapy setting of patients suffering from osteoporosis” (Migliorini et al., 2021). 

Wei et al. (2021) explored the relationship of procollagen type one N-terminal peptide (P1NP) and 

β cross-linked C-telopeptide of type one collagen (β-CTX) with bone mineral density (BMD) in 

postmenopausal individuals. All postmenopausal subjects “were selected from a community-based case-

control study and P1NP and β-CTX were also collected and tested. The main correlation analysis was 

applied to explore the relationships of BMD, P1NP, and β-CTX.” The results indicated that of the 1055 

post-menopausal participants that were enrolled, “the BMD at all sites kept a decrease continually with 

age (P < 0.01). In addition, the level of β-CTX increased significantly from 45 to 50 years old and 

remained at a high level in the later stage, while the level of P1NP changed little or even decreased with 

age. Logistic regression model showed that β-CTX has better ability to predict BMD than P1NP, as 

demonstrated by an area under the curve (AUC) of 0.63.” In conclusion, P1NP and β-CTX are important 

markers to monitor bone metabolism (Wei et al., 2021). 

Guidelines and Recommendations 

The Bone Health and Osteoporosis Foundation 

In 2022, The Bone Health and Osteoporosis Foundation updated their guideline for the prevention and 

treatment of osteoporosis. Regarding biochemical markers of bone turnover, the guideline states: 

Biochemical markers of bone turnover may: 

• Predict rapidity of bone loss in untreated postmenopausal individuals. 

• “Predict extent of fracture risk reduction when repeated after 3—6 months of treatment with FDA-

approved therapies. 

• Predict magnitude of BMD increases with FDA-approved therapies. 

• Characterize patient compliance and persistence with osteoporosis therapy using a serum CTX for 

an antiresorptive medication and P1NP for an anabolic therapy (least significant change [LSC] is 

approximately a 40% reduction in CTX). 

• Potentially be used during a bisphosphonate holiday to suggest when medication should be 

restarted, although more data are needed to support this recommendation”(LeBoff et al., 2022). 

The North American Menopause Society (NAMS) 

In 2021, the North American Menopause Society (NAMS) issued an updated position on the 

management of osteoporosis in postmenopausal individuals. NAMS stated:  



 

   Page 8 of 18 

“Bone turnover markers cannot diagnose osteoporosis and have varying ability to predict fracture risk in 

clinical trials. Bone turnover markers have been used primarily in clinical trials to demonstrate group 

responses to treatment” (NAMS, 2021). 

“Although used by some osteoporosis specialists, the routine use of bone turnover markers in the 

evaluation of patients with osteoporosis is not recommended” (NAMS, 2021). 

“Although changes in bone turnover markers are used by some specialists to assess adherence and 

effectiveness of therapy, routine use of bone markers is not recommended” (NAMS, 2021).  

International Osteoporosis Foundation (IOF) and the International Federation of Clinical 

Chemistry and Laboratory Medicine (IFCC)  

In 2021, the IOF/IFCC published “Practical Considerations for the Clinical Application of Bone Turnover 

Markers in Osteoporosis”(Vasikaran et al., 2023). The authors concluded, “Serum PINP and β-CTX are 

useful for monitoring oral therapy in osteoporosis. Further studies for their application in managing 

offset of drug action after cessation of antiresorptive therapies with bisphosphonates and denosumab 

would be useful. Large-scale fracture risk prediction studies of PINP and β-CTX in various untreated 

population groups to assess how they interact with established risk factors used in risk calculators such 

as FRAX may help to include BTMs in such algorithms. 

The B-ALP and TRACP-5b are least affected by renal failure and may be of potential use in assessment 

for osteoporosis in patients with CKD and monitoring such patients when treated. Studies of utility of 

TRACP-5b and B-ALP in fracture risk assessment as well as monitoring therapy and assessing offset of 

treatment effect in osteoporosis patients with CKD stages 3a-5D is warranted. 

From an analytical point of view, standardization or harmonization of commercial assays for BTMs is 

important for collation of data from different studies and uniform application of decision limits and 

treatment targets in clinical guidelines. IOF-IFCC C-BM is pursuing these activities” (Vasikaran et al., 

2023). 

American Association of Clinical Endocrinologists and American College of Endocrinology  

An update to the 2016 Guidelines for the Diagnosis and Treatment of Postmenopausal Osteoporosis 

was published in 2020. In it, the AACE/ACE state “Consider using bone turnover markers in the initial 

evaluation and follow-up of osteoporosis patients. Elevated levels can predict more rapid rates of bone 

loss and higher fracture risk”, which is identical to the 2016 statement, but the 2020 edition is graded at 

an “A”, up from “B” in 2016.  

Similarly, the statement “Consider using bone turnover markers (BTMs) for assessment of patient 

compliance and efficacy of therapy. Significant reductions in BTMs are seen with antiresorptive therapy 

and have been associated with fracture reduction, and significant increases indicate good response to 

anabolic therapy” remains unchanged from the 2016 version, which was given a grade B. 

Other relevant recommendations include: 

• “Consider bone turnover markers at or below the median value for premenopausal [individuals] as 

a target for response to therapy for patients taking antiresorptive agents. Consider significant 

increases in bone formation markers as a pharmacologic response to anabolic therapy.” 
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• “The ending of a bisphosphonate holiday should be based on individual patient circumstances 

such as… an increase in bone turnover markers.” 

Overall, although the joint guidelines acknowledge that BTMs cannot diagnose osteoporosis, they note 

that “elevated levels can predict more rapid rates of bone loss” and “are associated with increased 

fracture risk independent of BMD [bone mineral density] in some studies”. Further, automated 

immunoassays have improved BTMs’ reproducibility, and “changes in markers have been associated with 

bone response to therapy and reduction of fracture risk”. Despite the numerous analytical issues with 

BTM assessment (lack of standardization, high cost, et al.), the guidelines note that some experts 

routinely use BTMs in clinical practice. They also note that the preferred bone turnover markers are PINP 

for bone formation and CTX for bone resorption. And, in the situations when patients might experience 

renal insufficiency or when there are insurance issues, then bone-specific alkaline phosphatase may be 

used. The guidelines conclude that “BTMs are useful in certain situations, such as assessment of fracture 

risk and to provide early feedback to patients that their drug is or is not working, which leads to 

discussions pertaining to medication compliance, drug absorption, and/or therapeutic efficacy. BTMs do 

not need to be assessed in all osteoporosis patients” (Camacho et al., 2020).  

Consensus Group Report, managed by Scientific Advisory Board of European Society on Clinical 

and Economic Aspects of Osteoporosis, Osteoarthritis and Musculoskeletal Diseases  

This working group was intended to “to provide guidance to clinicians on how to use BTMs in patient 

evaluation in postmenopausal osteoporosis, in fracture risk prediction and in the monitoring of 

treatment efficacy and adherence to osteoporosis medication.” Their conclusions are listed below 

(Lorentzon et al., 2019): 

• “The bone formation marker serum PINP [N-terminal collagen type I extension propeptide] and 

resorption marker serum βCTX-I [bone alkaline phosphatase for bone formation and C-terminal 

cross-linking telopeptide of type I collagen] are the preferred markers for evaluating bone 

turnover in the clinical setting.” 

• “Bone turnover markers cannot be used to diagnose osteoporosis but can be of value in patient 

evaluation and can improve the ability to detect some causes of secondary osteoporosis.” 

• “Serum βCTX-I and PINP correlate only moderately with bone loss in postmenopausal 

[individuals] and with osteoporosis medication-induced gains in BMD. Therefore, the use of bone 

turnover markers cannot be recommended to monitor osteoporosis treatment effect in individual 

patients.” 

• “Adding data on serum βCTX-I and PINP levels in postmenopausal [individuals] can only improve 

fracture risk prediction slightly in addition to clinical risk factors and BMD and therefore has 

limited value.” 

• “Bisphosphonates are the most commonly used osteoporosis medications, but adherence to oral 

bisphosphonates falls below 50% within the first year of treatment. Monitoring PINP and βCTX-I is 

effective in monitoring treatment adherence and can be defined as the sufficient suppression of 

these markers (by more than the LSC or to the lower half of the reference interval for young and 

healthy premenopausal [individuals]).” 

The guideline remarks “It is possible that monitoring the bone marker response may aid in the use of 

bisphosphonate treatment frequency and dosing when denosumab treatment is stopped.”  
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The guideline also notes that a “systematic review of the present evidence concluded that there is 

insufficient evidence to recommend the use of monitoring bone turnover markers for predicting the 

effect of teriparatide treatment effect” (Lorentzon et al., 2019). 

U.S. Preventative Services Task Force (USPSTF) 

The 2018 USPSTF recommendation on screening to prevent osteoporotic fractures address clinical risk 

assessment and bone density measurement but do not mention bone turnover markers (Viswanathan et 

al., 2018).  

Endocrine Society  

The Endocrine Society released a guideline concerning pharmacological management of osteoporosis in 

postmenopausal individuals, which noted, “Monitoring bone turnover markers (serum C-terminal 

crosslinking telopeptide for antiresorptive therapy or procollagen type 1 N-terminal propeptide for bone 

anabolic therapy) is an alternative way of identifying poor response or nonadherence to therapy” (Eastell 

et al., 2019). 

The Endocrine Society published an update to the above guideline in 2020, and the above statement 

concerning monitoring of bone turnover markers remained in the 2020 edition (Shoback et al., 2020). 

The Endocrine Society also released guidelines regarding the management of Paget’s Disease. They 

recommended “that in patients with increased bone turnover, biochemical follow-up should be used as 

a more objective indicator of relapse than symptoms” (Singer et al., 2014). 

“For most patients, measurement of total alkaline phosphatase or other baseline disease activity markers 

at six to 12 weeks, when bone turnover will have shown a substantial decline, is an acceptable and cost-

effective option” (Singer et al., 2014). 

National Osteoporosis Guideline Group  

The NOGG notes bone turnover markers (e.g., CTX, P1NP) as a possible measure to evaluate during 

investigation of osteoporosis/ fragility fractures (NOGG, 2021). 

Kidney Disease Improving Global Outcomes (KDIGO): Mineral and bone disorder 

The KDIGO released guidelines pertaining to bone turnover related to CKD.  

• “In patients with CKD [stages] G3a–G5D, we suggest that measurements of serum PTH or bone-

specific alkaline phosphatase can be used to evaluate bone disease because markedly high or low 

values predict underlying bone turnover.”  

• “In patients with CKD [stages] G3a–G5D, we suggest not to routinely measure bone-derived 

turnover markers of collagen synthesis (such as procollagen type I C-terminal propeptide) and 

breakdown (such as type I collagen cross-linked telopeptide, cross-laps, pyridinoline, or 

deoxypyridinoline)” (KDIGO, 2017). 

The Renal Association also published a “commentary” on the KDIGO guidelines in 2018. In it, they 

remarked that “Although iPTH, whole PTH, and bALP levels were associated with bone turnover, no 

biomarker singly or in combination was sufficiently robust to diagnose low, normal, and high bone 

turnover in an individual patient [on dialysis]” (Burton et al., 2018). 
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Fourth International Workshop on the Management of Asymptomatic Primary 

Hyperparathyroidism  

This workshop published guidelines regarding management of asymptomatic primary 

hyperparathyroidism (PHPT). They note bone turnover markers as an optional measurement of 

asymptomatic PHPT, listing “bone-specific alkaline phosphatase activity, osteocalcin, P1NP [select one]; 

serum CTX, urinary NTX [select one]” (Bilezikian et al., 2014). 

International Osteoporosis Foundation and European Society for Clinical and Economic Aspects of 

Osteoporosis and Osteoarthritis  

The IOF/ESCEO issued joint guidelines stating the following (Kanis et al., 2018): 

“Bone markers (serum procollagen type I N propeptide (s-PINP) and serum C-terminal cross-linking 

telopeptide of type I collagen (s-CTX) as markers of bone formation and bone resorption, respectively) 

have some prognostic significance for fracture in situations where bone mineral density (BMD) is 

unavailable.” 

The joint guidelines also note that if harmonization efforts for other bone turnover markers are 

successful, these markers may see use for fracture risk. Procollagen I N-terminal peptide (P1NP) and C-

telopeptide breakdown products (especially serum CTX) are considered the most informative 

biochemical markers for monitoring of osteoporosis (Kanis et al., 2018). 

International Osteoporosis Foundation (IOF), Asian Federation of Osteoporosis Societies (AFOS), 

and the International Society for Clinical Densitometry (ISCD) 

The IOF Capture the Fracture program facilitates the establishment of Fracture Liaison Services (FLS) with 

a goal “properly identify and treat patients with fragility fractures, improve quality of post-fracture care, 

adherence, and prevention of secondary fractures worldwide, including the [Asia-Pacific] region.” In 

2021, the IOF, AFOS, and ISCD endorsed a consensus statement on the use of BTMs in the Asia-Pacific 

region. They made the following consensus statements (Wu et al., 2021): 

• “Endorse the use of BTMs, especially CTX and P1NP, as short-term monitoring tools for 

osteoporosis treatment, consistent with recommendations of the AACE/ACE, IOF, IFCC, JOS, NOF, 

TOA, and associated organizations. 

• BTMs can be used to differentiate patients with relatively higher or lower bone turnover rates and 

thereafter, helping clinicians to choose an appropriate anti-osteoporosis treatment regimen. 

• BTMs can reflect the therapeutic responses to anti-osteoporosis therapies earlier than BMD and 

are therefore of help both in selecting osteoporosis treatment and in assessing its responses to 

therapies. 

• Absolute values or the degree of change from baseline for BTMs can be used to monitor the 

efficacy of osteoporosis therapies clinically. 

• CTX and/or P1NP can be used to evaluate patient adherence and drug responses to anti-

resorptive agents, with measurements suggested at baseline, three months, six months, and 12 

months after starting treatment. 

• P1NP can be used to evaluate patient adherence and drug responses to anabolic agents, with 

measurements at baseline, one to three months, six months, and 12 months after starting 

anabolic treatment. 

• Encourage reimbursement of BTMs by different health insurance programs in the Asia-Pacific to 

improve patient adherence and treatment outcomes. 
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• Recommend appropriate use of BTMs as a short-term monitoring tool for improving the use of 

therapeutic regimens in osteoporosis care programs, such as fracture liaison service (FLS).” 

They conclude that “the use of BTMs can be incorporated in treatment algorithms of osteoporosis care 

programs to improve patient adherence and treatment outcomes” (Wu et al., 2021).  

The International Federation of Clinical Chemistry and Laboratory Medicine  

In the most recent review of bone turnover markers for the journal of the International Federation of 

Clinical Chemistry and Laboratory Medicine the author Bhattoa (2018) found that “Although quite 

sensitive to a multitude of exogenous and endogenous pre-analytical factors, bone markers are best 

used in monitoring anti-osteoporosis therapy efficacy and compliance. Combination of BMD 

measurement by DEXA with biochemical markers of bone turnover levels, at least one bone resorption 

and one bone formation marker, may potentially improve early detection of individuals at increased risk 

for bone loss and eventually non-traumatic bone fracture. Furthermore, they have widespread clinical 

utility in osteoporosis, renal osteodystrophy, certain oncological conditions and rheumatic diseases” 

(Bhattoa, 2018). 

International Society for Clinical Densitometry (ISCD) 

The ISCD includes a comment on bone turnover markers in their guideline titled “Official Positions”, 

stating that “Serial BMD [bone mineral density] testing in combination with clinical assessment of 

fracture risk, bone turnover markers and other factors…can be used to determine whether treatment 

should be initiated in untreated patients, according to locally applicable guidelines” (ISCD, 2019). 

Royal Australian College of General Practitioners (RACGP) 

In 2013, the RACGP released a series of “Tests and results” aimed at providing information about 

common tests that general practitioners order regularly. The series focused on areas such as indications, 

what to tell the patient, what the test can and cannot tell you, and interpretation of the results. As an 

assessment of fracture risk, they note that “Bone turnover markers increase in proportion to fracture risk, 

independent of bone mineral density (BMD). In general, turnover markers also tend to be higher in 

patients with low bone density. However, this correlation is not absolute in individuals and this 

application of the test is most useful in population studies. Very high marker levels (more than 1.5 times 

the upper reference limit) are not typical of postmenopausal osteoporosis and should prompt a search 

for another cause. For example, after a fracture, markers may remain increased for up to six months. 

Other causes could include high turnover states such as hyperparathyroidism or hyperthyroidism, Paget 

disease, malignancy including myeloma, or advanced renal failure” (Coates, 2013). 

As a method of monitoring the efficacy of osteoporosis treatment, BMD “is a common surrogate marker 

of osteoporosis treatment efficacy. However, due to the relatively small effect of treatment relative to 

the precision of the test, it is not practical to repeat BMD at intervals shorter than two years. Also, 

fracture risk reduction on treatment is far greater than would be predicted by the BMD increase 

achieved. Fewer than half of patients prescribed a bisphosphonate are taking the medication after 1 

year. For these reasons, it is helpful to assess the effects of, and compliance with, treatment within a few 

months. Some studies show improved adherence to treatment when turnover marker results were 

provided to patients, although this finding is not universal” (Coates, 2013). 
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Overall, the RACGP’s guideline for osteoporosis management recognizes “the response of bone turnover 

markers to treatment, particularly in the first few months after initiating bisphosphonates or teriparatide, 

but does not yet recommend their routine use” (Coates, 2013). 

Paget's Association, Guideline Development Group  

This Guideline Development Group published a guideline titled “Diagnosis and Management of Paget's 

Disease of Bone in Adults”. The relevant remarks include (Ralston et al., 2019): 

• “Serum total ALP [total alkaline phosphatase] is widely available and considerably cheaper than 

other biochemical markers that have been assessed in PDB [Paget's Disease of Bone].” 

• “If total ALP values are normal and clinical suspicion of metabolically active PDB is high, 

measurement of BALP, PINP, or uNTX may be considered to screen for metabolically active 

disease.” 

• “…elevations in markers of bone turnover occur in many disease states and cannot be used in 

isolation for the diagnosis of PDB.” 

•  “Measurement of PINP is recommended to predict lesion extent, as defined by scintigraphy, after 

bisphosphonate therapy.” 

• “Measurement of biochemical markers of bone turnover are not recommended a means of 

predicting the response of bone pain to osteoclast inhibitors in PDB” (Ralston et al., 2019). 

Royal Osteoporosis Society (ROS) 

In 2021, the ROS updated a 2018 a statement on the use of bone markers and osteoporosis. In it, they 

included three reasons as to why bone markers may be used (Royal Osteoporosis Society, 2021): 

“a) To measure bone turnover as part of an assessment of bone strength and fracture risk. There 

haven’t been many research trials to prove how effective this is, so other methods are usually used to 

assess bone strength, including a bone density scan to measure your bone density, along with your 

other risk factors.  

b) To monitor the effectiveness of osteoporosis drug treatments. Most treatments work by slowing 

the rate of bone resorption. The rate of bone formation also slows, but the overall effect is that the 

two processes come back into balance, leading to improved bone strength. The effect of a drug 

treatment on bone turnover can be assessed using bone markers within six months of starting 

treatment.  

c) In research trials, to assess osteoporosis drugs in development. Although there is evidence to 

suggest the value of bone marker tests as outlined above, expert opinion is divided on how useful or 

necessary they are, and further research is required to establish how they should be best used in the 

management of osteoporosis.” 

As to the recommendation on the use of bone markers, they noted that a “UK independent review in 

2014, which looked at whether bone markers should be used to see if a drug treatment is working, 

concluded there was insufficient evidence available to make recommendations. International expert 

guidance, however, says that although more research is needed, bone markers can be useful in some 

situations” (Royal Osteoporosis Society, 2021). 

Applicable State and Federal Regulations 

DISCLAIMER: If there is a conflict between this Policy and any relevant, applicable government policy for 

a particular member [e.g., Local Coverage Determinations (LCDs) or National Coverage Determinations 
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(NCDs) for Medicare and/or state coverage for Medicaid], then the government policy will be used to 

make the determination. For the most up-to-date Medicare policies and coverage, please visit the 

Medicare search website: https://www.cms.gov/medicare-coverage-database/search.aspx. For the most 

up-to-date Medicaid policies and coverage, visit the applicable state Medicaid website. 

Food and Drug Administration (FDA) 

Several tests for bone turnover markers have been cleared by the U.S. Food and Drug Administration 

(FDA) using the 510(k) process including the collagen cross-links tests: Osteomark® NTX Urine ELISA 

test from Abbott which measures cross-linked N-telopeptides of type 1 collagen (NTx), and Serum 

Crosslaps One-step ELISA test which measures hydroxyproline. Other bone turnover marker tests cleared 

through the FDA 510(k) process tests include: Access Ostase from Beckman Coulter which measures 

bone-specific alkaline phosphatase (B-ALP), N-MID Osteocalcin One-step ELISA from Osteometer Bio 

Tech (merged with Osteopro and now called Nordic Biotech) which measures osteocalcin (OC), and 

Elecsys® N-MID Osteocalcin Immunoassay (Roche Diagnostics). 

Many labs have developed specific tests that they must validate and perform in house. These 
laboratory-developed tests (LDTs) are regulated by the Centers for Medicare and Medicaid (CMS) as 
high-complexity tests under the Clinical Laboratory Improvement Amendments of 1988 (CLIA 
’88). LDTs are not approved or cleared by the U. S. Food and Drug Administration; however, FDA 
clearance or approval is not currently required for clinical use. 

Applicable CPT/HCPCS Procedure Codes 

CPT Code Description 

82523 Collagen cross links, any method 

83500 Hydroxyproline; free 

83505 Hydroxyproline; total 

83937 Osteocalcin (bone gla protein) 

84080 Phosphatase, alkaline; isoenzymes 

Current Procedural Terminology© American Medical Association. All Rights Reserved. 

 

Procedure codes appearing in Medical Policy documents are included only as a general reference tool for 

each policy. They may not be all-inclusive. 
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Review Date Summary of Changes 

09/06/2023 Reviewed and Updated: Updated the background, guidelines and recommendations, 

and evidence-based scientific references. Literature review necessitated the following 

changes to coverage criteria: 

Removal of CC1: “1) For osteoporosis patients, measurement of bone turnover markers 

MEETS COVERAGE CRITERIA for the following situations: 

    a) In initial evaluation and management  

    b) In fracture risk prediction” 

BTM is recommended for fracture risk prediction in individuals who are receiving 

treatment for their osteoporosis. 

Adjustment of former CC2, now CC1, to address frequency of testing in individuals 

receiving bisphosphonate treatment. “1) For individuals treated with bisphosphonates, 
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measurement of bone turnover markers to assess an individual’s compliance with 

bisphosphonate therapy MEETS COVERAGE CRITERIA at the following intervals: 

a) To establish baseline levels before initiating bisphosphonate treatment 

b) Every three months after initiation or change of therapy for the first year. 

c) Every two years when no medication changes have occurred.” 

All other CC except no CC3 edited for clarity and consistency. 

 

 

 



 

   Page 1 of 29 

 

Celiac Disease Testing 
Policy Number: AHS �² G2043 �² Celiac Disease 
Testing 

Prior Policy Name and Number, as applicable: 

POLICY DESCRIPTION 
RELATED POLICIES 
INDICATIONS AND/OR LIMITATIONS OF COVERAGE 
TABLE OF TERMINOLOGY 
SCIENTIFIC BACKGROUND 
GUIDELINES AND RECOMMENDATIONS 
APPLICABLE STATE AND FEDERAL REGULATIONS 
APPLICABLE CPT/HCPCS PROCEDURE CODES 
EVIDENCE-BASED SCIENTIFIC REFERENCES 
REVISION HISTORY 
 

Policy Description  

Celiac disease is a hereditary, chronic autoimmune disorder triggered by the ingestion of gluten, a 
protein found in wheat, rye, and barley. When an individual with celiac disease ingests gluten, the body 
mounts an immune response that attacks the small intestine. These attacks lead to damage on the villi 
within the small intestine, inhibiting nutrient absorption (CDF, 2018).  

Related Policies  

Policy Number  Policy Title  
AHS-G2121 Laboratory Testing for the Diagnosis of Inflammatory Bowel Disease 

AHS-G2155 General Inflammation Testing 

Indications and/or Limitations of Coverage  

�$�S�S�O�L�F�D�W�L�R�Q���R�I���F�R�Y�H�U�D�J�H���F�U�L�W�H�U�L�D���L�V���G�H�S�H�Q�G�H�Q�W���X�S�R�Q���D�Q���L�Q�G�L�Y�L�G�X�D�O�·�V���E�H�Q�H�I�L�W���F�R�Y�H�U�D�J�H���D�W���W�K�H���W�L�P�H���R�I���W�K�H��
request. Specifications pertaining to Medicare and Medicaid can be found in �L�Q���W�K�H���´�$�S�S�O�L�F�D�E�O�H���6�W�D�W�H���D�Q�G��
�)�H�G�H�U�D�O���5�H�J�X�O�D�W�L�R�Q�V�µ��section of this policy document.  

1) For individuals who have been diagnosed with celiac disease and who are IgA sufficient, serologic 
testing with IgA anti -tissue transglutaminase (TTG) MEETS COVERAGE CRITERIA at the following 
intervals: 

a) At the first follow -up visit 3-6 months after diagnosis. 

Initial Presentation Date: 09/18/2015 

Last Review Date: February 1, 2025
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b) Every 6 months until normalization of anti-TTG levels has occurred. 

c) Every 12-24 months thereafter. 

2) For individuals who have been diagnosed with celiac disease and who are IgA deficient, testing for 

IgG endomysial antibodies, IgG deamidated gliadin peptide, or IgG TTG MEETS COVERAGE 

CRITERIA at the following intervals: 

a) At the first follow-up visit 3-6 months after diagnosis. 

b) Every 6 months until normalization of IgG levels has occurred. 

c) Every 12-24 months thereafter. 

3) For individuals with signs and symptoms of celiac disease (see Note 1), serologic testing with the IgA 

anti-TTG and the total IgA test for the diagnosis of celiac disease MEETS COVERAGE CRITERIA. 

4) For individuals at risk for celiac disease (see Note 1), when IgA anti-TTG is negative or weakly positive, 

testing for IgA endomysial antibodies MEETS COVERAGE CRITERIA. 

5) For individuals with clinical suspicion of celiac disease (see Note 1) with an IgA deficiency, testing for 

IgG endomysial antibodies, IgG deamidated gliadin peptide, or IgG TTG MEETS COVERAGE 

CRITERIA. 

6) Testing for IgA and IgG antibodies to deamidated gliadin peptides MEETS COVERAGE CRITERIA in 

any of the following situations: 

a) For individuals under 2 years of age with a clinical suspicion of celiac disease (see Note 1). 

b) For individuals over 2 years of age as a substitute for anti-TTG testing. 

7) Genetic testing for HLA DQ2 and DQ8 MEETS COVERAGE CRITERIA in any of the following 

situations: 

a) For symptomatic individuals for whom other testing is undiagnostic.  

b) For symptomatic individuals with positive serology tests who are unable to undergo a biopsy 

evaluation. 

8) For confirmation of celiac disease in individuals at high risk for celiac disease, regardless of the result 

of celiac disease serology testing, pathological examination of tissue obtained from a biopsy of the 

small intestine MEETS COVERAGE CRITERIA. 

9) Rapid antigen point-of-care testing for anti-TTG DOES NOT MEET COVERAGE CRITERIA. 

10) Panel testing, multiplex testing, or multi-analyte testing (for more than two analytes) for the diagnosis 

or evaluation of celiac disease DOES NOT MEET COVERAGE CRITERIA. 

11) For asymptomatic individuals not at an increased risk for developing celiac disease (see Note 1), 

testing for celiac disease DOES NOT MEET COVERAGE CRITERIA.  

The following does not meet coverage criteria due to a lack of available published scientific literature 

confirming that the test(s) is/are required and beneficial for the diagnosis and treatment of an individual’s 

illness. 
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12) For the diagnosis of celiac disease, testing for anti-reticulin antibodies DOES NOT MEET COVERAGE 

CRITERIA. 

13) For the evaluation of celiac disease, testing of stool or saliva samples DOES NOT MEET COVERAGE 

CRITERIA. 

14) Serologic testing using an HLA-DQ-gluten tetramer-based assay, including flow cytometry-based 

HLA-DQ-gluten tetramer assays, DOES NOT MEET COVERAGE CRITERIA. 

 

NOTES: 

Note 1: Signs and symptoms of celiac disease may include, but are not limited to, the following: 

unexplained chronic or intermittent diarrhea; unexplained weight loss; unexplained chronic or intermittent 

abdominal pain or bloating; recurrent nausea or vomiting; unexplained iron deficiency anemia; 

unexplained vitamin B12 or folate deficiency; unexplained liver transaminase elevations; autoimmune 

hepatitis; dermatitis herpetiformis; type 1 diabetes; intestinal blockages; unexplained subfertility or 

miscarriage; unexplained osteoporosis, osteomalacia, or low bone density; and/or primary biliary cirrhosis. 

Individuals with Down syndrome, Turner syndrome, or Williams-Beuren syndrome are also at high risk for 

celiac disease. Additionally, in pediatric patients, fatty stools, delayed puberty, amenorrhea, failure to 

thrive, stunted growth, and/or short stature may also be associated with celiac disease (Husby et al., 2020; 

NICE, 2022; NIDDK, 2016). 

Table of terminology 

Term  Definition 

AAFP American Academy of Family Physicians 

ACG American College of Gastroenterology 

AGA American Gastroenterological Association 

ANG Anti-native gliadin antibodies  

BSG British Society of Gastroenterology 

BSPGHAN British Society of Pediatrics Gastroenterology, Hepatology, and Nutrition 

CD Celiac disease 

CMS Centers for Medicare and Medicaid Services 

DGP Deamidated gliadin peptides 

DTC Direct to consumer 

ELISA  Enzyme-linked immunosorbent assay 

EMA  Endomysial antibodies  

ESP-GHAN European Society for Pediatric Gastroenterology, Hepatology, and Nutrition 

ESsCD European Society for the Study of Coeliac Disease 

GFD Gluten-free diet 

HLA Human leukocyte antigen 

HLA-DQA1 Major histocompatibility complex, class II, DQ alpha 1 gene 

HLA-DQB1 Major histocompatibility complex, class II, DQ beta 1 gene 
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IgA  Immunoglobulin A 

LDTs Laboratory-developed tests  

NASPGHAN North American Society for Pediatric Gastroenterology, Hepatology, and Nutrition  

SSCD Society for the Study of Celiac Disease 

NCGS Non celiac gluten sensitivity 

NICE National Institute for Health and Care Excellence 

NIDDK National Institute of Diabetes and Digestive and Kidney Diseases 

sIgE Specific immunoglobulin-E  

SSOP Sequence-specific oligonucleotide probe 

TIDM Type I diabetes mellitus  

TTG Tissue transglutaminase 

ULN Upper limit of normal 

USPSTF  United States Preventative Services Task Force  

WA Wheat allergy 

WGO World Gastroenterology Organization  

ZED1227 Oral transglutaminase 2 inhibitor 

Scientific Background 

Celiac disease (CD) is an autoimmune disease which occurs due to the body’s unfavorable response after 

the ingestion of gluten. In particular, the body’s immune system attacks the small intestine, leading to 

damage and inhibiting nutrient absorption (CDF, 2018). The clinical presentation of CD is varied and age 

dependent. In children, failure to thrive, malnutrition, diarrhea, abdominal pain, and distension are 

common. In adults, abdominal pain, diarrhea or constipation, bloating, and excessive gas are frequent 

symptoms. Other gastrointestinal symptoms include unexpected weight loss and distension (Kelly, 

2023). A high prevalence of CD cases are often found in first degree relatives of CD patients, 

highlighting genetic aspects of the disease (Nellikkal et al., 2019). Currently, the only treatment for CD is 

to maintain a gluten-free diet to ameliorate symptoms and improve the quality of life (Caio et al., 2019). 

The National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK, 2020) provides the 

following statistics for CD: 

• About 2 million Americans have CD  

• About 1% of people worldwide have CD 

• The majority of people are undiagnosed  

• CD can affect all races, but is present at a higher rate in Caucasians 

• CD can affect both genders 

• CD is more common among people with chromosomal disorders like Down syndrome, Turner 

syndrome, and Williams syndrome 

• Patients with CD are at risk for Addison’s disease, Hashimoto’s disease, selective IgA deficiency, 

primary biliary cholangitis, and type 1 diabetes 

CD has a strong genetic component. The two primary genetic factors for CD susceptibility are the 

human leukocyte antigen (HLA)-DQ2 and DQ8 alleles (Brown et al., 2019). These genes highlight the role 

of T cells and the immune response in CD (Tye-Din et al., 2018). Approximately 90-95% of CD patients 
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have the HLA-DQ2 protein encoded by the HLA-DQA1*05 and DQB1*02 alleles. The remaining CD 

patients have mutations in the HLA-DQ8 protein encoded by the HLA-DQA1*03 and DQB1*03:02 alleles. 

Stankovic et al. (2014) noted that the absence of susceptible HLA-DQ genotypes makes CD “very 

unlikely, close to 100%.” However, the use of genotyping in diagnosing CD is not without controversy. 

Paul et al. (2017) report that 25-40% of white Caucasians are positive for the HLA-DQ2/DQ8 haplotype 

but that only 0.1-1% of the population will develop CD. They also note that the European guidelines 

released in 2012 recommend genotyping for HLA-DQ2/DQ8 in children with very high anti-TTG titers, 

but the authors recommend that “HLA-DQ2/DQ8 testing must not be done to 'screen' or 'diagnose' 

children” with CD (Paul et al., 2017).  

Antibodies for the assessment of CD generally fall into one of two categories: autoantibodies (tTG-IgA, 

anti-endomysial antibody [EMA-IgA]) or antibodies targeting gliadin (DGP-IgA or IgG, antigliadin 

antibody (AGA)-IgA or IgG). Endomysial antibodies bind to tissue transglutaminase and produce a 

characteristic staining pattern. Similarly, anti-endomysial antibodies bind to tTG-2, another tissue 

transglutaminase. The other category of celiac antibodies involve gliadin, which is a component of 

gluten. Traditional antigliadin antibody tests (AGA-IgA, AGA-IgG) yielded a false positive rate of up to 

20%, so they have been replaced with a deamidated gliadin peptide (DGP) (Kelly, 2023).  

Genetic testing for HLA DQ2 and DQ8 may also be used to confirm a CD diagnosis. Serologic and 

histologic HLA-DQ testing requires the patient to be on a gluten-containing diet, which can be a 

disadvantage to testing. Recently, testing methods for HLA-DQ-gluten tetramer-based assays using 

flow-cytometry have been developed; these tests can accurately determine whether the patient is on a 

gluten-containing or gluten-free diet. The assay has a reported 97% sensitivity and 95% specificity for 

patients on a gluten-free diet as compared to controls (patients without CD) (Sarna et al., 2018). The 

authors conclude, “This test would allow individuals with suspected celiac disease to avoid gluten 

challenge and duodenal biopsy, but requires validation in a larger study” (Sarna et al., 2018).  

Point of care tests, such as the Simtomax®, have been developed, which detects IgA and IgG antibodies 

against deamidated gliadin peptides (DGP) and provides a response in just ten minutes (Arenda, 2020). 

There are also direct-to-consumer (DTC) tests for CD. The FDA-approved 23andme panel includes CD. 

This test detects a single nucleotide polymorphism in HLA-DQA1 (FDA, 2017). 

Clinical Utility and Validity 

Olen et al. (2012) evaluated the diagnostic performance and actual costs in clinical practice of 

immunoglobulin (Ig)G/IgA DGP (deamidated gliadin peptide antibodies) as a complement to IgA-TTG 

for the diagnosis of pediatric CD. The authors identified 278 children with CD that received a duodenal 

biopsy. Sensitivity and specificity for tTG were 94% and 86% respectively, but corresponding values for 

DGP were 91% and 26%. Positive predictive values were 88% for tTG and 51% for DGP. The authors 

concluded that for diagnosing CD, tTG is superior to DGP, even in children younger than 2 

years. Further, combining tTG and DGP does not provide a better trade-off between number of missed 

cases of CD, number of unnecessary duodenal biopsies, and cost than utilizing tTG alone (Olen et al., 

2012). 

Sakly et al. (2012) evaluated the usefulness of anti-DGP antibodies (a-DGP) in the diagnosis of CD. The 

study included 103 untreated CD patients of all ages and 36 CD patients under a gluten-free diet. The 

specificity of a-DGP was 93.6% for IgG and 92% for IgA as compared to the 100% for each by anti-

endomysium antibodies (AEA) and tTG. The authors concluded that the findings of this study showed 
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“that a-DGP increases neither the sensitivity nor the specificity of AEA and AtTG [anti-tissue 

transglutaminase antibodies]” (Sakly et al., 2012). 

Bufler et al. (2015) evaluated the diagnostic performance of three serological tests for CD. A total of 91 

children with CD contributed 411 sera samples and were compared to 98 healthy controls. 

Transglutaminase type 2(TG2)-IgA, deamidated gliadin peptide (DGP)-IgG, and DGP-IgA were measured. 

The sensitivity for diagnosis was high for TG2-IgA and DGP-IgG (>90%) but lower for DGP-IgA. 

Specificity was >97% for all three. Non-adherence to a gluten-free diet was best indicated by positive 

TG2-IgA. The authors concluded that “combined testing for TG2-IgA and DGP-IgG does not increase the 

detection rate of CD in IgA competent children compared to TG2-IgA only” (Bufler et al., 2015). 

Silvester et al. (2017) performed a meta-analysis to evaluate the “sensitivity and specificity of tTG IgA 

and EMA [endomysial antibody] IgA assays in identifying patients with celiac disease who have 

persistent villous atrophy despite a gluten-free diet (GFD).” The authors identified 26 studies for 

inclusion. The assays were found to have high specificity for identifying patients with persistent villous 

atrophy (0.83 for tTG IgA, 0.91 for EMA IgA, but with low sensitivity (0.50 for tTG IgA, 0.45 for EMA IgA). 

No significant difference was seen between pediatric and adult patients. The authors concluded that “we 

need more-accurate non-invasive markers of mucosal damage in children and adults with celiac disease 

who are following a GFD” (Silvester et al., 2017). 

A report by Selleski et al. (2018) shows that only some of the DQ2/DQ8 alleles were significantly 

different between pediatric CD patients and pediatric non-CD patients. A total of 97% of the CD patients 

were positive for at least either DQ2 or DQ8; however, 29.9% of the non-CD patients were also positive 

for DQ2. In fact, “No significant association was found between DQ2.2 variant and celiac disease in the 

studied population (Selleski et al., 2018).” Previously, high regard had been given to DQ2.2 variant as 

being a predisposing variant for CD (Mubarak et al., 2013). Finally, a rapid nucleic acid amplification test 

using multiplex ligation-dependent probe amplification (MLPA) to detect HLA-DQ2.2, HLA-DQ2.5, and 

HLA-DQ8 has been developed with a reported 100% specificity for those particular genotypes (Vijzelaar 

et al., 2016), but this test has not been FDA-approved for use in the United States. 

Bajor et al. (2019) performed a meta-analysis focusing on the association between the HLA-DQB1*02 

gene doses and the characteristics of CD. The authors identified 24 studies for inclusion in the review 

and observed that homozygosity of the DQB1*02 allele led to more frequent classical CD (odds ratio 

[OR] 1.758). The gene dosing effect was more prominent in children (OR: 2.082). Atrophic histology 

(Marsh grade 3) was more prevalent with a double dose compared to a zero dose (OR: 2.626). No gene 

dosing effect was seen with diarrhea, age at diagnosis, severity of villous atrophy, or type 1 diabetes. The 

authors concluded that “A double dose of HLA-DQB1*02 gene seems to predispose patients to 

developing classical CD and villous atrophy. Risk stratification by HLA-DQB1*02 gene dose requires 

further clarification due to the limited available evidence” (Bajor et al., 2019). 

Tangermann et al. (2019) completed a prospective study which included 1055 patients all tested for CD 

with the Simtomax point of care test. The Simtomax detects IgA and IgG antibodies against deamidated 

gliadin peptides (DGP). All results were compared to the gold standard: histologic analysis of duodenal 

biopsies. Of all patients who participated in this study, the overall CD prevalence was identified at 4.1%; 

the Simtomax identified CD with a 79% sensitivity, 94% specificity, 37% positive predictive value, and 

99% negative predictive value (Tangermann et al., 2019). When the adult (n=888) and pediatric (n=167) 

patients were analyzed separately, the Simtomax was found to identify CD with 100% sensitivity and 

95% specificity in adults, and 72% sensitivity in children; the authors note that the Simtomax test 

detected CD with a lower sensitivity than expected (Tangermann et al., 2019). 
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Profaizer et al. (2020) conducted a study to “evaluate the feasibility of using NGS-based [next-

generation sequencing] HLA-B and DQ genotyping for clinical HLA disease association testing and 

provide direct comparison with the currently used clinical tests, including SSOP [sequence-specific 

oligonucleotide probe] genotyping, and real-time PCR [polymerase chain reaction] with melting chain 

analysis.” The researchers focused on HLA alleles related to celiac disease, ankylosing spondylitis, 

abacavir hypersensitivity, carbamazepine hypersensitivity, and allopurinol hypersensitivity. With regards 

to CD and from 24 samples tested, there was a discrepancy with the DQB1*03:40 allele with SSOP, real-

time PCR, and NGS, but overall, with the different HLA-correlations the data has shown “HLA typing by 

NGS is superior to the existing clinical methods for identifying HLA alleles associated with disease or 

drug hypersensitivity and offers a viable approach for high volume clinical diagnostic laboratories,” 

continuing to demonstrate the clinical utility of NGS and HLA-testing for CD (Profaizer et al., 2020). 

Gould et al. (2021) evaluated CD serologic testing in asymptomatic patients with type 1 diabetes using 

immunoglobulin A anti-tissue transglutaminase, as there is an increased risk of type 1 diabetes among 

CD and vice versa. From screening 2,353 patients, the assay with IgA anti-tissue transglutaminase had a 

positive predictive value of 85.9% when referenced upper limit of normal and had a sensitivity and 

specificity of 100% and 38%, respectively. This study indicated the need for thresholds for diagnostic 

evaluation to be population-specific (i.e. to type 1 diabetics), and not taken from the overall population 

due to the increased risk (Gould et al., 2021). 

Schuppan et al. (2021) assessed the efficacy and safety of a 6-weel treatment with ZED1227, a selective 

oral transglutaminase 2 inhibitor, at three dose levels compared with placebo, in adults with well-

controlled celiac disease who underwent a daily gluten challenge. Their primary endpoint was the 

attenuation of gluten-induced mucosal damage, measured by the ratio of villus height to crypt death. 

For this study, 41 patients were assigned to the 10-mg ZED1227 group, 41 patients were assigned to the 

100-mg group, and 40 patients were assigned to the placebo group. Each had adequate duodenal-

biopsy samples for the assessment of the overall endpoint. “The estimated difference from placebo in 

the change in the mean ratio of villus height to crypt depth from baseline to week 6 was 0.44 (95% 

confidence interval [CI], 0.15 to 0.73) in the 10-mg group (P = 0.001), 0.49 (95% CI, 0.20 to 0.77) in the 

50-mg group (P<0.001), and 0.48 (95% CI, 0.20 to 0.77) in the 100-mg group (P<0.001). The estimated 

differences from placebo in the change in intraepithelial lymphocyte density were -2.7 cells per 100 

epithelial cells (95% CI, -7.6 to 2.2) in the 10-mg group, -4.2 cells per 100 epithelial cells (95% CI, -8.9 to 

0.6) in the 50-mg group, and -9.6 cells per 100 epithelial cells (95% CI, -14.4 to -4.8) in the 100-mg 

group.” The authors concluded that treatment with ZED1227 attenuated gluten-induced duodenal 

mucosal damage in patients with celiac disease. (Schuppan et al., 2021). 

Guidelines and Recommendations 

American College of Gastroenterology (ACG)   

The ACG recommends testing for CD in the following scenarios (Rubio-Tapia et al., 2013): 

1. “Patients with symptoms, signs, or laboratory evidence suggestive of malabsorption, such as 

chronic diarrhea with weight loss, steatorrhea, postprandial abdominal pain and bloating, should 

be tested for CD. (Strong recommendation, high level of evidence)” 

2. “Patients with symptoms, signs, or laboratory evidence for which CD is a treatable cause should 

be considered for testing for CD. (Strong recommendation, moderate level of evidence)” 



 

   Page 8 of 29 

3. “Patients with a first-degree family member who has a confirmed diagnosis of CD should be 

tested if they show possible signs or symptoms or laboratory evidence of CD. (Strong 

recommendation, high level of evidence)” 

4. “Patients with type I diabetes mellitus should be tested for CD if there are any digestive 

symptoms, or signs, or laboratory evidence suggestive of celiac disease. (Strong recommendation, 

high level of evidence)” 

5. “Celiac disease should be sought among the explanations for elevated serum aminotransferase 

levels when no other etiology is found, (Strong recommendation, high level of evidence)” 

6. “Consider testing of asymptomatic relatives with a first-degree family member who has a 

confirmed diagnosis of CD (Conditional recommendation, high level of evidence)” 

The ACG guidelines indicate that “Immunoglobulin A (IgA) anti-tissue transglutaminase (TTG) antibody is 

the preferred single test for detection of CD in individuals over the age of 2 years.” Also, if there is “a 

high probability of CD wherein the possibility of IgA deficiency is considered, total IgA should be 

measured.” Additionally, “an alternative approach is to include both IgA and IgG-based testing, such as 

IgG-deamidated gliadin peptides (DGPs), in these high-probability patients.” In those patients with low 

or deficient IgA, the ACG recommends “IgG-based testing (IgG DGPs and IgG TTG).” The guidelines also 

indicate that all serological testing should be done while the individual is on a gluten-containing diet. 

Intestinal biopsy is recommended by the ACG for individuals with positive serology testing and for those 

with a clinical presentation consistent with CD, “even if the serologies are negative.” 

Although antibodies directed against native gliadin are not recommended for the primary detection of 

CD,” the ACG notes that “when screening children younger than 2 years of age for CD, the IgA TTG test 

should be combined with DGP (IgA and IgG).”  

With regard to HLA-DQ2 / DQ8 genotype testing, the ACG recommends that it “should not be used 

routinely in the initial diagnosis of CD” but rather “should be used to effectively rule out the disease in 

selected clinical situations” such as, “equivocal small-bowel histological finding (Marsh I-II) in 

seronegative patients; evaluation of patients on a GFD in whom no testing for CD was done before GFD; 

patients with discrepant celiac-specific serology and histology; patients with suspicion of refractory CD 

where the original diagnosis of celiac remains in question; or patients with Down’s syndrome… Because 

HLA-DQ2 is present in approximately 25%–30% of the white population, testing for CD with either HLA-

DQ type is not useful because the PPV is only about 12%.” Concerning HLA typing, “HLA typing, and 

histological response may help to rule out or confirm the diagnosis of CD in patients with sero-negative 

CD.” 

The ACG does not recommend stool or salivary testing, indicating that are not validated for use in the 

diagnosis of CD.   

The ACG advocates monitoring of adherence to a gluten-free diet, based on “a combination of history 

and serology.” Additionally, “upper endoscopy with intestinal biopsies is recommended for monitoring 

in cases with lack of clinical response or relapse of symptoms despite a GFD.”   
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Celiac Disease Diagnostic Testing Algorithm (Rubio-Tapia et al., 2013) 

A 2023 update from ACG focused on the diagnosis and management of celiac disease expands upon 

their previous guidelines: 

“1A. We [ACG] recommend EGD with multiple duodenal biopsies for confirmation of diagnosis in both 

children and adults with suspicion of CD (strong recommendation, moderate quality of evidence; dissent 

1). 

1B. We suggest a combination of high-level TTG IgA (>10× upper limit of normal) with a positive 

endomysial antibody (EMA) in a second blood sample as reliable tests for diagnosis of CD in children. In 

symptomatic adults unwilling or unable to undergo upper GI endoscopy, the same criteria may be 

considered after the fact, as a diagnosis of likely CD (conditional recommendation, moderate quality of 

evidence; dissent 0).” 

ACG explains the above recommendations by citing key concepts: 

“1. Multiple biopsies of the duodenum (1 or 2 from bulb and 4 from distal duodenum) are necessary for 

diagnosis of CD. 

2. EGD and duodenal biopsies can also be useful for the differential diagnosis of other malabsorptive 

disorders or enteropathies. 

3. Lymphocytic duodenosis (≥25 intraepithelial lymphocytes per 100 epithelial cells) in the absence of 

villous atrophy is not specific for CD, and other causes should be considered” (Rubio-Tapia et al., 2023). 

Moreover, in the case of screening procedures, ACG states that 
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“7A. We recommend case finding to increase detection of CD in clinical practice (strong 

recommendation, low quality of evidence; dissent 0). 

7B. We recommend against mass screening for CD in the community (strong recommendation, low 

quality of evidence; dissent 0)”, on the basis that 

“1. Patients with symptoms, signs, or laboratory evidence suggestive of malabsorption, such as chronic 

diarrhea with weight loss, steatorrhea, abdominal pain, and bloating, should be tested for CD. 

2. Patients with symptoms, signs, or laboratory evidence for which CD is a treatable cause should be 

considered for testing for CD. 

3. Patients with a first-degree family member who has a confirmed diagnosis of CD should be tested 

whether they show possible signs or symptoms or laboratory evidence of CD. 

4. Consider testing of asymptomatic relatives with a first-degree family member who has a confirmed 

diagnosis of CD” (Rubio-Tapia et al., 2023). 

Although they note that there is controversy surrounding the best serology approach for children 

younger than 2 years, ACG  

“8A. We recommend the immunoglobulin IgA anti-TTG antibody (TTG-IgA) as the preferred single test 

for the detection of CD in children younger than 2 years who are not IgA-deficient (strong 

recommendation, moderate quality of evidence; dissent 0). 

8B. We recommend that testing for CD in children with IgA deficiency be performed using IgG-based 

antibodies (DGP-IgG or TTG-IgG) (strong recommendation; moderate quality of evidence; dissent 0)” 

because 

“1. TTG-IgA and EMA-IgA are reported to be less accurate in children younger than 2 years. 

2. Current guidelines recommend that testing for CD in children younger than 2 years include both TTG-

IgA and DGP-IgG” (Rubio-Tapia et al., 2023).  

American Gastroenterological Association (AGA)  

Relative to ongoing monitoring of individuals with celiac disease, the AGA recommends periodic 

serologic testing. 

The AGA published an update on CD testing in 2019. Their new “best practice advice” is as follows:  

• “Best Practice Advice 1: Serology is a crucial component of the detection and diagnosis of CD, 

particularly tissue transglutaminase–immunoglobulin A (TG2-IgA), IgA testing, and less frequently, 

endomysial IgA testing.” 

• “Best Practice Advice 2: Thorough histological analysis of duodenal biopsies with Marsh 

classification, counting of lymphocytes per high-power field, and morphometry is important for 

diagnosis as well as for differential diagnosis.” 

• “Best Practice Advice 2a: TG2-IgA, at high levels (> ×10 upper normal limit) is a reliable and 

accurate test for diagnosing active CD. When such a strongly positive TG2-IgA is combined with a 

positive endomysial antibody in a second blood sample, the positive predictive value for CD is 
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virtually 100%. In adults, esophagogastroduodenoscopy (EGD) and duodenal biopsies may then 

be performed for purposes of differential diagnosis.” 

• “Best Practice Advice 3: IgA deficiency is an infrequent but important explanation for why patients 

with CD may be negative on IgA isotype testing despite strong suspicion. Measuring total IgA 

levels, IgG deamidated gliadin antibody tests, and TG2-IgG testing in that circumstance is 

recommended.” 

• “Best Practice Advice 4: IgG isotype testing for TG2 antibody is not specific in the absence of IgA 

deficiency.” 

• “Best Practice Advice 5: In patients found to have CD first by intestinal biopsies, celiac-specific 

serology should be undertaken as a confirmatory test before initiation of a gluten-free diet 

(GFD).” 

• “Best Practice Advice 6: In patients in whom CD is strongly suspected in the face of negative 

biopsies, TG2-IgA should still be performed and, if positive, repeat biopsies might be considered 

either at that time or sometime in the future.” 

• “Best Practice Advice 7: Reduction or avoidance of gluten before diagnostic testing is 

discouraged, as it may reduce the sensitivity of both serology and biopsy testing.” 

• “Best Practice Advice 8: When patients have already started on a GFD before diagnosis, we 

suggest that the patient go back on a normal diet with 3 slices of wheat bread daily preferably for 

1 to 3 months before repeat determination of TG2-IgA.” 

• “Best Practice Advice 9: Determination of HLA-DQ2/DQ8 has a limited role in the diagnosis of CD. 

Its value is largely related to its negative predictive value to rule out CD in patients who are 

seronegative in the face of histologic changes, in patients who did not have serologic 

confirmation at the time of diagnosis, and in those patients with a historic diagnosis of CD; 

especially as very young children before the introduction of celiac-specific serology” (Husby et al., 

2019). 

The AGA’s best advice statements for evaluating refractory celiac disease is recorded below. 

Best Practice Advice 1 

In patients believed to have celiac disease who have persistent or recurrent symptoms or signs, the 

initial diagnosis of celiac disease should be confirmed by review of prior diagnostic testing, including 

serologies, endoscopies, and histologic findings. 

Best Practice Advice 2 

In patients with confirmed celiac disease with persistent or recurrent symptoms or signs (nonresponsive 

celiac disease), ongoing gluten ingestion should be excluded as a cause of these symptoms with 

serologic testing, dietitian review, and detection of immunogenic peptides in stool or urine. 

Esophagogastroduodenoscopy with small bowel biopsies should be performed to look for villous 

atrophy. If villous atrophy persists or the initial diagnosis of celiac disease was not confirmed, consider 

other causes of villous atrophy, including common variable immunodeficiency, autoimmune 

enteropathy, tropical sprue, and medication-induced enteropathy. 

Best Practice Advice 3 

For patients with nonresponsive celiac disease, after exclusion of gluten ingestion, perform a systematic 

evaluation for other potential causes of symptoms, including functional bowel disorders, microscopic 
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colitis, pancreatic insufficiency, inflammatory bowel disease, lactose or fructose intolerance, and small 

intestinal bacterial overgrowth. 

Best Practice Advice 4 

Use flow cytometry, immunohistochemistry, and T-cell receptor rearrangement studies to distinguish 

between subtypes of refractory celiac disease and to exclude enteropathy-associated T-cell lymphoma. 

Type 1 refractory celiac disease is characterized by a normal intraepithelial lymphocyte population and 

type 2 is defined by the presence of an aberrant, clonal intraepithelial lymphocyte population. 

Consultation with an expert hematopathologist is necessary to interpret these studies. 

Best Practice Advice 5 

Perform small bowel imaging with capsule endoscopy and computed tomography or magnetic 

resonance enterography to exclude enteropathy-associated T-cell lymphoma and ulcerative jejunoileitis 

at initial diagnosis of type 2 refractory celiac disease. 

Best Practice Advice 6 

Complete a detailed nutritional assessment with investigation of micronutrient and macronutrient 

deficiencies in patients diagnosed with refractory celiac disease. Check albumin as an independent 

prognostic factor. (Green et al., 2022) 

European Society for Pediatric Gastroenterology, Hepatology, and Nutrition (ESPGHAN) 

Updated and expanded evidence-based guidelines for diagnosing CD were published in 2020 by the 

ESPGHAN. The following recommendations were included (Husby et al., 2020). 

• “We recommend considering testing for CD in children and adolescents with symptoms, signs and 

conditions shown in Table 2” 

o Signs and symptoms in Table 2 include: 

▪ “Gastrointestinal: chronic or intermittent diarrhea, chronic constipation not responding to 

usual treatment, chronic abdominal pain, distended abdomen, recurrent nausea, recurrent 

vomiting 

▪ Extraintestinal symptoms: weight loss, failure to thrive, stunted growth/short stature, 

delayed puberty, amenorrhea, irritability, chronic fatigue, neuropathy, arthritis/arthralgia, 

chronic iron-deficiency anemia, decreased bone materialization 

(osteopenia/osteoporosis), repetitive fractures, recurrent aphthous stomatitis, dermatitis 

herpetiformis-type rash, dental enamel defects, abnormal liver biochemistry 

▪ Specific conditions: first degree relatives with CD, autoimmune conditions: TIDM, thyroid 

disease, liver disease, Down syndrome, Turner syndrome, Williams-Beuren syndrome, IgA 

deficiency” 

• “HLA- typing does not add to the certainty of the diagnosis if the other criteria for CD diagnosis 

are fulfilled. Testing for HLA DQ2 and DQ8 may be useful in other circumstances. If no risk alleles 

are found, CD is unlikely. We recommend that HLA typing is not required in patients with positive 

TGA-IgA, if they qualify for CD diagnosis with biopsies or if they have high serum TGA-IgA (≥10× 

ULN) and EMA-IgA positivity. If a patient tests negative for HLA DQ2 and DQ8, the risk of CD is 

very low, while a positive result does not confirm the diagnosis” 

• “Recent studies suggest that the no-biopsy approach to diagnose CD can be applied in 

asymptomatic children. In asymptomatic children, however, the PPV of high TGA-IgA ≥10× ULN 
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may be lower than in symptomatic children, which needs to be considered during the decision-

making process. We give a conditional recommendation that, taking available evidence into 

account, CD can be diagnosed without duodenal biopsies in asymptomatic children, using the 

same criteria as in patients with symptoms. We recommend that the decision whether or not to 

perform diagnostic duodenal biopsies should be made during a shared decision-making process 

together with the parent(s) and, if appropriate, with the child” 

• “The three specific coeliac antibodies (TGA-IgA, EMA-IgA, DGP-IgG) show different performance. 

TGA-IgA scored highest by a comparison of assay accuracy and is therefore regarded as the most 

appropriate primary test for CD in the diagnostic work up of children with suspected CD. We 

recommend that in subjects with normal serum IgA values for age, TGA-IgA should be used as the 

initial test regardless of age” 

• “We recommend testing for total IgA and TGA-IgA as initial screening in children with suspected 

CD. In patients with low total IgA concentrations, an IgG-based test (DGP, EMA, or TGA) should be 

performed as a second step. Testing for EMA, DGP or AGA antibodies (IgG and IgA) as initial 

screening in clinical practice is not recommended” 

• “We recommend that for CD diagnosis without biopsies, TGA-IgA serum concentration of at least 

10× ULN should be obligatory. Only antibody tests with proper calibrator curve-based calculation, 

and having the 10× ULN value within their measurement range, should be used. We recommend 

against omitting biopsies in IgA-deficient cases with positive IgG-based serological tests” 

• “We recommend that in children with TGA ≥10X ULN, and parents/patient agreement to the no-

biopsy approach, the CD diagnosis should be confirmed by a positive EMA-IgA test in a second 

blood sample” 

• “At least 4 biopsies from the distal duodenum and at least 1 from the duodenal bulb should be 

taken for histology assessment during a gluten-containing diet. Reading of biopsies should be 

performed on optimally orientated biopsies. A villous to crypt ratio of <2 indicates mucosal 

lesions. In cases of discordant results between TGA-IgA results and histopathology, re-cutting of 

biopsies and/or second opinion from an experienced pathologist should be requested (Husby et 

al., 2020)” 

A 2022 position paper on the management and follow-up of children and adolescents with celiac 

disease stated that 

“3.1 The first follow-up visit should be scheduled 3–6 months after CD diagnosis, but with easy access to 

the celiac service if earlier advice is needed, and sooner review if there are concerns regarding how the 

family is coping with the diet, if there are ongoing issues with growth or persistent symptoms or a need 

to repeat bloodwork earlier. Subsequent visits should be every 6 months until normalization of TGA 

levels, and every 12–24 months thereafter.” 

“3.2. During follow-up patients should be evaluated for:  

3.2.I. Gastrointestinal and extraintestinal signs and symptoms.  

3.2.II. Anthropometric measurements and growth parameters.  

3.2.III. IgA-TGA using the same assay as at diagnosis as a surrogate marker for improvement/healing of 

the small-bowel mucosa. IgG based tests and RIA based IgA-TGA measurements are not suitable for 

follow-up in IgA sufficient patients. IgA insufficient patients with CD should be followed with IgG based 

tests.  
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3.2.IV. A complete blood cell count, micronutritional status (e.g., hemoglobin, iron, vitamin B12, and 

vitamin D levels) and ALT measurements, should be performed after clinical evaluation at time of 

diagnosis. Any abnormality should be followed and deficiencies corrected until normalization. If 

abnormalities persist, additional diagnoses should be considered and appropriately investigated.  

3.2.V. Screening for thyroid disease with TSH and thyroxine (and autoantibodies if indicated) may be 

considered during follow-up after clinical evaluation at the discretion of the clinician.  

3.2.VI. Routine bone-density screening is not recommended.  

3.2.VII. HBV antibody levels may be measured in previously immunized patients if this is considered 

important in the population. A booster dose should be given if inadequate levels are present” (Mearin et 

al., 2022). 

A few specific issues of note that may come up during follow-up and management include 

“6.1. How to approach persistent high serum levels of antibodies against tissue-transglutaminase 

(TGA)? 

 Lack of decreasing IgA-TGA levels after 6–12 months on a GFD or persisting positive IgA-TGA levels 

should be assessed by carefully reviewing dietary compliance and testing IgA-TGA using the same test 

from the same manufacturer.  

6.2. When is it necessary to (re)biopsy?  

Routine assessment of mucosal healing by small-bowel biopsies is not recommended in children with 

CD following a GFD. We recommend considering (re) biopsy only in selected CD cases; based on specific 

clinical grounds, for example, when doubts about the original diagnosis or suspicion of occurrence of an 

additional condition.  

6.3. Refractory celiac disease in children: does it exist?  

We recommend properly investigating other causes of an apparent “refractory CD” in children, including 

ongoing inadvertent ingestion of gluten and other possible concomitant enteropathies, such as Crohn’s 

disease, autoimmune enteropathy, small-bowel bacterial overgrowth, cow’s milk protein allergy and 

pancreatic insufficiency” (Mearin et al., 2022). 

ESPGHAN suggests that “In cases of uncertain CD diagnosis, HLA typing should be performed before 

gluten-challenge to detect children in whom the occurrence of CD is unlikely.” Moreover, they 

“recommend the same frequency and follow-up tests in children with CD and T1D as inchildren with 

isolated CD, with (additional) special attention to test for thyroid involvement and diabetic retinopathy” 

and that “developing the follow-up plan in conjunction with an endocrinologist/diabetologist and a 

dietitian, also considering the need for psychological and social support” (Mearin et al., 2022). 

In 2012, ESPGHAN recommended that CD testing be considered for “children and adolescents with the 

otherwise unexplained symptoms and signs of chronic or intermittent diarrhoea, failure to thrive, weight 

loss, stunted growth, delayed puberty, amenorrhoea, iron-deficiency anaemia, nausea or vomiting, 

chronic abdominal pain, cramping or distension, chronic constipation, chronic fatigue, recurrent 

aphthous stomatitis (mouth ulcers), dermatitis herpetiformis–like rash, fracture with inadequate 

traumas/osteopenia/osteoporosis, and abnormal liver biochemistry.” Testing should also be offered to 
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“asymptomatic children and adolescents with an increased risk for CD such as type 1 diabetes mellitus 

(T1DM), Down syndrome, autoimmune thyroid disease, Turner syndrome, Williams syndrome, selective 

immunoglobulin A (IgA) deficiency, autoimmune liver disease, and first-degree relatives with CD” (Husby 

et al., 2012). 

ESPGHAN recommends that “the initial test be IgA class anti-TG2 from a blood sample. If total serum 

IgA is not known, then this also should be measured.” If the individual has humoral IgA deficiency, “at 

least 1 additional test measuring IgG class CD-specific antibodies should be done (IgG anti-TG2, IgG 

anti-DGP or IgG EMA.” They also note that “tests measuring antibodies against DGP may be used as 

additional tests in patients who are negative for other CD-specific antibodies but in whom clinical 

symptoms raise a strong suspicion of CD, especially if they are younger than 2 years,” and “tests for the 

detection of IgG or IgA antibodies against native gliadin peptides (conventional gliadin antibody test) 

should not be used for CD diagnosis.” They also indicate that “tests for the detection of antibodies of 

any type in faecal samples should not be used.” 

For individuals with “severe symptoms and a strong clinical suspicion of CD” and negative serology 

testing, “small intestinal biopsies and HLA-DQ testing are recommended.” 

Regarding the evaluation of asymptomatic children and adolescents with CD-associated conditions, 

ESPGHAN recommends HLA testing “should be offered as the first line test,” due to its high negative 

predictive value. “If the patient is DQ8 and/or DQ2 positive, homozygous for only the b chains of the 

HLA-DQ2 complex (DQB1_0202), or HLA testing is not done, then an anti-TG2 IgA test and total IgA 

determination should be performed, but preferably not before the child is 2 years old. If antibodies are 

negative, then repeated testing for CD-specific antibodies is recommended” (Husby et al., 2012). 

ESPGHAN also recommends that in asymptomatic individuals at increased genetic risk for CD “duodenal 

biopsies with the demonstration of an enteropathy should always be part of the CD diagnosis.” As an 

initial step, “it is recommended that the more specific test for EMA be performed. If the EMA test is 

positive, then the child should be referred for duodenal biopsies. If the EMA test is negative, then 

repeated serological testing on a normal gluten-containing diet in 3 to 6 monthly intervals is 

recommended” (Husby et al., 2012). Testing of infants, as with all serologic testing for CD, should be 

done only when the individual is on a gluten-containing diet. 

North American Society for Pediatric Gastroenterology, Hepatology, and Nutrition (NASPGHAN) 

NASPGHAN updated their recommendations in 2015 (published in 2016) for gluten-related disorders, 

including CD, wheat allergy (WA), and nonceliac gluten sensitivity (NCGS). Concerning who should be 

tested for gluten-related disorders, “Children with symptoms consistent with gluten-related disorders, or 

who have self-identified relief of symptoms when avoiding gluten, should undergo testing for CD and/or 

WA before the elimination of dietary gluten. CD should be an early consideration in those with typical 

gastrointestinal symptoms such as chronic diarrhea, abdominal pain, distension, and weight loss.” The 

table below outlines their recommendations for considering CD testing: 
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“Children belonging to groups known to be at increased risk for CD may initially have no symptoms, or 

very minor symptoms, despite having intestinal histologic changes that are characteristic for CD. 

Included in these groups are first-degree relatives of an index case, people with trisomy 21, Turner 

syndrome, Williams syndrome, and IgA deficiency, and those with other autoimmune conditions” (Hill et 

al., 2016). 

For initial testing, they recommend the TTG-IgA antibody test due to its reliability and cost-effectiveness.  

They note that co-testing for serum IgA can be performed to “identify those who have selective IgA 

deficiency”; however, “use of a panel of antibodies instead of a single tTG-IgA test is not recommended. 

Although this approach may be associated with a marginal increase in the sensitivity of the test, it 

decreases the specificity and significantly increases the costs” (Hill et al., 2016). Testing for serum 

antibodies against gliadin is less sensitive, reliable, and specific as compared to TTG and EMA.   

They do not recommend genetic testing for HLA variants as an initial diagnostic test or screening for CD 

since up to 40% of the general population contains one of the variant alleles. “Testing for HLA-DQ2/8 is 

best reserved for patients in whom there is a diagnostic dilemma, such as when there is a discrepancy 

between the serological and histologic findings or when a GFD [gluten-free diet] has been started 

before any testing” (Hill et al., 2016). 

They do not recommend the use of rapid, point-of-care tests for TTG since these tests do not allow for 

the quantitative analysis of the antibody. 

National Institute for Health and Care Excellence (NICE)  

In 2022, NICE published guidance on diagnosing CD. These guidelines state that serological testing 

should be offered to “people with any of the following: persistent unexplained abdominal or 

gastrointestinal symptoms, faltering growth, prolonged fatigue, unexpected weight loss, severe or 

persistent mouth ulcers, unexplained iron, vitamin B12 or folate deficiency, type 1 diabetes, at diagnosis, 

autoimmune thyroid diseases, at diagnosis, irritable bowel syndrome (in adults), [and] first-degree 

relatives of people with celiac disease” (NICE, 2022). 

“Any test is accurate only if a gluten-free containing diet is eaten during the diagnostic process and 

advise the person not to start a gluten-free diet until diagnosis is confirmed by a specialist, even if the 

results of a serological test are positive” (NICE, 2022). 
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Further, serological testing for CD could be considered in patients with “metabolic bone disorder 

(reduced bone mineral density or osteomalacia), unexplained neurological symptoms (particularly 

peripheral neuropathy or ataxia), unexplained subfertility or miscarriage, persistently raised liver 

enzymes with unknown cause, dental enamel defects, Down’s syndrome, and Turner syndrome” (NICE, 

2022). 

Finally, regarding serological testing: 

• “Test for total IgA and IgA tTG as the first choice 

• Use IgA EMA if IgA tTG is weakly positive 

• Consider using IgG EMA, IgG DGP or IgG tTG if IgA is deficient (IgA deficiency is defined as total 

IgA less than 0.07 g per litre) (NICE, 2022).” 

In 2015, the National Institute for Health and Care Excellence (NICE) recommended CD serologic testing 

in symptomatic young people and adults with the following algorithm (NICE, 2015): 

• First test for total serum IgA and TTG 

• Next test for IgA endomysial antibodies (EMA) if TTG is inconclusive (i.e., weakly positive) 

• “Consider using IgG EMA, IgG deamidated gliadin peptide (DGP) or IgG tTG if IgA is deficient” 

For children with suspected CD, they recommend: 

• First test for total serum IgA and TTG 

• “Consider using IgG EMA, IgG DGP or IgG tTG if IgA is deficient” 

NICE also recommends offer CD testing for people with any of the following: 

• Autoimmune thyroid disease 

• Persistent unexplained abdominal or gastrointestinal symptoms  

• Irritable bowel syndrome 

• Type 1 diabetes 

• First-degree relatives (parents, siblings, or children) with coeliac disease 

• Other symptoms indicative of possible CD, including faltering growth in children, prolonged 

fatigue, unexpected weight loss, severe or persistent mouth ulcers, unexplained dietary 

deficiencies   

NICE also recommends considering CD testing for people with the following: 

• Metabolic bone disorder 

• Unexplained neurological symptoms  

• Unexplained subfertility or recurrent miscarriage 

• Down’s syndrome or Turner’s syndrome 

• Dental enamel defects 

• Persistent elevated hepatic enzymes of unknown etiology 

They do note that “People who are following a normal diet (containing gluten) should be advised to eat 

gluten in more than 1 meal every day for at least 6 weeks before testing for coeliac disease” (NICE, 

2016). 
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NICE indicates that HLA testing should not be done as part of the initial testing. Also, “Only consider 

using HLA DQ2 (DQ2.2 and DQ2.5)/DQ8 testing in the diagnosis of coeliac disease in specialist settings 

(for example, in children who are not having a biopsy, or in people who already have limited gluten 

ingestion and choose not to have a gluten challenge)” (NICE, 2015). 

United States Preventive Services Task Force (USPSTF) 

The United States Preventative Services Task Force (Bibbins-Domingo et al., 2017) recently published 

guidelines on the screening of asymptomatic populations for celiac disease and found that 

“The USPSTF concludes that the current evidence is insufficient to assess the balance of benefits and 

harms of screening for celiac disease in asymptomatic persons. Evidence is lacking, and the balance of 

benefits and harms cannot be determined.” However, it was noted that: “Persons at increased risk for 

celiac disease include those who have a positive family history (eg, a first- or second-degree relative), 

with an estimated prevalence of 5% to 20%, and persons with other autoimmune diseases (eg, type 1 

diabetes mellitus, inflammatory luminal gastrointestinal disorders, Down syndrome, Turner syndrome, 

IgA deficiency, and IgA nephropathy). Several specialty societies recommend screening in these 

populations.” 

World Gastroenterology Organisation (WGO) Global Guidelines  

The WGO published guidelines on CD testing in 2017. A cascade with “resource-sensitive” options is 

listed. 

The “Gold Standard” lists the following items for diagnosis of CD:  

• Celiac disease–specific antibodies: assessment and intestinal biopsy 

• Anti-tTG IgA or anti-EMA IgA, and total IgA to exclude IgA deficiency 

• In case of selective IgA deficiency, IgG-based tests should be used: anti-DGP, anti-tTG, or EMA 

(the latter 2 are highly sensitive, but with lower specificity) 

• Symptomatic patients with a positive serological test or a titer just below the cut-off (borderline) 

should be referred for endoscopy with multiple duodenal biopsies to confirm or exclude the 

diagnosis of celiac disease. Pitfalls in histologic diagnosis are common, and findings are 

characteristic, but not specific 

• Asymptomatic patients with a positive serological test should be retested after consuming a 

gluten-containing diet for 3 months, to confirm persistent seropositivity before referral for 

endoscopy 

The following items are listed for management of CD: 

• Follow-up monitoring, including antibody tests (anti-tTG IgA or DGP-IgG in case of IgA 

deficiency): after 3 to 6 months in the first year and once a year thereafter in stable patients 

responding to the gluten-free diet 

The WGO also notes that although the presence of HLA risk alleles is “necessary” for celiac disease, it is 

insufficient for CD development. However, it does have a high negative predictive value, in that absence 

of those risk alleles excludes CD as a diagnosis.  

The WGO notes two main groups of serological markers for untreated CD:  
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• Autoantibodies targeting the auto-antigen: EMA and anti-tTG antibodies 

• Antibodies targeting the offending agent (gliadin): anti- bodies against synthetic deamidated 

gliadin peptides (anti-DGPs) 

A summary of the characteristics of CD antibody tests is listed below: 

 

The WGO also lists several conditions associated with a higher risk of CD. Those conditions are as 

follows:  

• Type 1 diabetes mellitus 

• Autoimmune thyroid disease 

• Autoimmune liver disease 

• Down syndrome 

• Turner syndrome 

• Williams syndrome 

• Selective IgA deficiency 

• Unexplained elevated serum aminotransferase levels 

The WGO also recommends that first-degree relatives of index (affected) patients to be screened for CD. 
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Finally, WGO recommends against use of urine, stool, or saliva measurements in clinical practice, as they 

have a “lower performance” than blood-based tests (Bai & Ciacci, 2017). 

European Society for the Study of Coeliac Disease (ESsCD)  

The ESsCD published guidelines on CD, including recommendations on serological and genetic testing. 

These recommendations are listed below: 

• “Adult patients with symptoms, signs or laboratory evidence suggestive of malabsorption should 

be tested with serology for CD. (Strong recommendation, high level of evidence)” 

• “Screening of asymptomatic first-degree family member of CD patient is recommended. If 

available, HLA-typing may be offered as the first-line test; if negative, no further work-up is 

needed. (Conditional recommendation, high level of evidence)” 

• “CD should be excluded in patients with unexplained elevation of serum aminotransferase levels. 

(Strong recommendation, high level of evidence)” 

• “T1DM should be screened regularly for CD. (Strong recommendation, high level of evidence)” 

• “IgA-TG2 antibody is the preferred single test for detection of CD at any age. (Strong 

recommendation, high level of evidence)” 

• “Total IgA level needs to be measured concurrently with serology testing to determine whether 

IgA levels are sufficient. (Strong recommendation, moderate level of evidence)” 

• “In patients with selective total IgA-deficiency, IgG-based testing (IgG-DGPs or IgG-TG2) should 

be performed at diagnosis and follow-up. (Strong recommendation, moderate level of evidence)” 

• “All diagnostic serologic testing should be done while patients on a gluten-containing diet. 

(Strong recommendation, high level of evidence)” 

• “Antibodies directed against native gliadin (AGA) are not recommended for the primary detection 

of CD. (Strong recommendation, high level of evidence)” 

• “Intestinal-permeability tests are neither sensitive nor specific and are not recommended for CD 

diagnosis. (Strong recommendation, moderate level of evidence)” 

• “Serum I-FABP might be useful in identifying dietary non-adherence and unintentional gluten 

intake. (Strong recommendation, moderate level of evidence)” 

• “A newly diagnosed adult CD patient should undergo testing to uncover deficiencies of essential 

micronutrient, e.g. iron, folic acid, vitamin D and vitamin B12. (Strong recommendation, moderate 

level of evidence)” 

• “CD diagnosis may be made without duodenal biopsy in symptomatic children with high TG2 

levels (>10 times ULN) and EMA in the presence of HLA-DQ2/8. The diagnosis is confirmed by an 

antibody decline and preferably a clinical response to a GFD”. (Conditional recommendation, 

moderate level of evidence) 

 

The ESsCD also lists recommendations for HLA-DQ2/8 typing, which are as follows: 

 

• “A negative HLA test is helpful to exclude the possibility of CD. This is especially helpful in those 

already on a GFD before testing.” 

• “When diagnosis of CD is uncertain, e.g., negative serology, but histology suggestive of CD.” 

• “To distinguish siblings who can be reassured that it is unlikely that they will develop CD from 

those who need to be monitored. Furthermore, the data on the quality of life on a GFD in those 

patients detected by screening are conflicting, but there is a trend towards improvement. Also, 

the lack of understanding of the natural history of undiagnosed CD may justify screening 

asymptomatic persons.” 
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• “In subjects with other autoimmune diseases and some genetic disorders who should be 

investigated for CD.” 

• “HLA-DQ2/DQ8 testing should not be used routinely in the initial diagnosis of CD. It is 

recommended that the results of such testing should be included along with a caution that 

patients at risk should be serologically tested for CD without changing their diet. (Strong 

recommendation, moderate level of evidence)” (Al-Toma et al., 2019). 

British Society of Gastroenterology (BSG) 

In 2014, the BSG published guidelines for the diagnosis and management of adult CD. The following 

guidelines were included: 

• “Diagnosis of CD requires duodenal biopsy when the patient is on a gluten-containing diet and 

for the vast majority of adult patients also positive serology. (Grade B) 

• Biopsy remains essential for the diagnosis of adult CD and cannot be replaced by serology. 

Follow-up should aim at strict adherence to a gluten-free diet. (Grade B) 

• In individuals undergoing an upper endoscopy in whom laboratory tests or symptoms or 

endoscopic features suggest CD, duodenal biopsy should be considered. (Grade C) 

• HLA typing should be used to rule out CD. A positive DQ2.5 or DQ8 can never confirm the 

diagnosis. (Grade B) 

• HLA typing should be used in individuals who are self-treated on a GFD and never had 

appropriate testing for CD before changing their diet. (Grade B) 

• HLA typing can be used to rule out CD, and minimise future testing, in high-risk individuals with 

CD, for example, first-degree relatives. (Grade B) 

• The diagnosis of CD requires duodenal biopsy when the patient is on a gluten-containing diet 

and for the vast majority of adult patients also positive serology. (Grade B) 

• Duodenal biopsy should be retained as the mainstay for the diagnosis of adult CD and cannot be 

replaced by serology. (Grade B) 

• At endoscopy, if there is suspicion of CD, then at least four biopsy specimens should be obtained, 

including a duodenal bulb biopsy. (Grade C) 

• In serologically negative patients showing signs of malabsorption (such as anaemia or diarrhoea) 

or a family history of CD, a duodenal biopsy should be considered. (Grade C) 

• Follow-up biopsies may be considered in patients with CD, and are potentially helpful in 

identifying patients at increased risk of lymphoma. (Grade B)” (Ludvigsson et al., 2014) 

British Society of Paediatric Gastroenterology, Hepatology, and Nutrition (BSPGHAN) and Coeliac 

UK  

In 2013, the BSPGHAN and Coeliac UK published joint guidelines for the management of CD in children. 

These guidelines note that “Anti-tTG antibody positivity alone is insufficient for diagnosis. Therapeutic 

trials of GFD are NOT indicated if CD is suspected.” Further, if the patient is symptomatic, IgA and IgA 

tTG should be checked first” (Murch et al., 2013). 

• “If tTG negative and IgA normal, CD unlikely: If IgA low, then further testing (eg, IgG tTG and 

possible biopsy) is required. 

• If tTG raised—but less than 10×upper limit of normal for assay: Duodenal biopsy is required. At 

endoscopy, take four biopsies from D2 or lower and 1–2 from duodenal bulb (as patchy changes 

may be present). Ensure adequate gluten intake prior to testing with advice from dietician if 

necessary 
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• If tTG raised—and greater than 10×upper limit of normal for assay: Take further blood sample to 

check IgA-EMA and determine HLA-DQ2/HLA-DQ8 typing. If EMA+ and patient either DQ2 or 

DQ8, the diagnosis is confirmed without the need for a duodenal biopsy. If EMA antibody testing 

is not locally available, a second strongly positive tTG antibody may be substituted and serum 

saved for later EMA testing” (Murch et al., 2013). 

Society for the Study of Celiac Disease (SSCD)  

In 2017, the NASSCD uploaded a guideline for celiac disease diagnosis in adults, along with a diagram 

detailing the algorithm for a positive celiac disease diagnosis with presenting GI and/or extraintestinal 

symptoms and signs. They state:  

“Celiac disease (CD) may be suspected in 

1. Symptomatic patients with 

• Gastrointestinal symptoms/signs: diarrhea, weight loss, gas/bloating, constipation (more 

commonly in children), hypertransaminasemia  

• Extraintestinal symptoms/signs: iron deficiency anemia, dermatitis herpetiformis, osteoporosis 

and neuropsychiatric conditions, such as neuropathy or ataxia 

2. Patients with associated conditions 

• Type 1 diabetes mellitus 

• Autoimmune thyroiditis 

• Other autoimmune conditions 

• Down syndrome 

3. First-degree family members of celiac patientsa” 

      (+ve indicates positive, -ve indicates negative) 
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The NASSCD has also included the following comments with regards to its algorithm and suspicion of 

CD:  

a. “Screening for celiac disease in high-risk asymptomatic populations is controversial due to 

unknown natural history and potential benefits. 

b. If patient self-started a gluten-free diet, consider testing after challenge with >3g of gluten per 

day (equivalent to 1-2 slices of bread per day) for at least two weeks. 

c. The addition of total IgA is useful to detect IgA deficiency.  

d. An alternative approach is to include both IgA and IgG-based testing, such as IgG-deamidated 

gliadin peptides (DGPs). 

e. There is scarce data using serology alone for diagnosis of CD. Combined use of biopsy and 

serologic analyses for diagnosis of celiac disease is recommended in adults. 

f. Current guidelines recommend 1-2 biopsies from the bulb in addition to at least 4 biopsies from 

distal duodenum. However, the advantages, (increased sensitivity) and disadvantages (reduced 

specificity) of bulb biopsies are under scrutiny. 

g. HLA DQ2/DQ8 negative excludes CD in majority of cases. 

h. Other reasons for discrepant serology and biopsies include reduced gluten in the diet, inadequate 

biopsy sampling, and lack of expert histopathology reporting.  

i. Celiac disease diagnosis is confirmed after clinical and/or histology improvement after gluten-free 

diet” (SSCD, 2017). 

American Academy of Family Physicians (AAFP)  

In January 2014, the AAFP released a set of recommendations regarding the diagnosis and management 

of celiac disease. Based on “consensus, disease-oriented evidence, usual practice, expert opinion, or case 

series (Evidence Rating: C),” the AAFP stated the following:  

• “Immunoglobulin A tissue transglutaminase should be used as the first-line test for serologic 

diagnosis of suspected celiac disease. 

• Small bowel biopsy should be used to confirm the diagnosis of celiac disease in most patients” 

(Pelkowski & Viera, 2014). 

A 2017 the AAFP adduces the USPSTF guidelines in their recommendation statement for the screening 

of celiac disease. The table the AAFP included from the USPSTF is shown below. 
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(AAFP, 2017) 

Applicable State and Federal Regulations  

DISCLAIMER: If there is a conflict between this Policy and any relevant, applicable government policy for 

a particular member [e.g., Local Coverage Determinations (LCDs) or National Coverage Determinations 

(NCDs) for Medicare and/or state coverage for Medicaid], then the government policy will be used to 

make the determination. For the most up-to-date Medicare policies and coverage, please visit the 

Medicare search website: https://www.cms.gov/medicare-coverage-database/search.aspx. For the most 

up-to-date Medicaid policies and coverage, visit the applicable state Medicaid website. 

Food and Drug Administration (FDA) 

The Quanta Lite Celiac Screen ELISA test for tissue transglutaminase/gliadin and the Quanta Lite Celiac 

DGP Screen by Inova Diagnostics, Inc. were approved by the FDA on 01/28/1999 and 12/13/2006, 

respectively. Quanta Plex Celiac IgA and IgG profiles by Inova Diagnostics, Inc. were approved on 

03/14/2007 and 06/20/2007. 

EliA Celikey IgG for use with the EliA Celikey IgG Immunoassay by Phadia US, Inc. was approved by the 

FDA on 12/26/2006.  

The FIDIS Celiac on the FIDS Analyser and FIDIS CELIAC kit by Biomedical Diagnostics S.A. were 

approved by the FDA on 09/24/2004 and 03/29/2006, respectively.  

The IMMULISA CELIAC ELISA testing systems for gliadin IgA/IgG and TTG IgA/IgG by IMMCO 

Diagnostics, Inc. were approved on 02/04/2010 and 03/10/2010. IMMCO’s IMMULISA enhanced celiac 

fusion (TTG/DGP) IgA/IgG antibody ELISA system was approved on 10/25/2013. 

https://www.cms.gov/medicare-coverage-database/search.aspx
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Bio-Rad Laboratories’ Bioplex 2200 Celiac IgA IgG kits were approved on 09/19/2013. The IgX Plex Celiac 

qualitative assay and Ig Plex Celiac DG panel by SQI diagnostics systems, Inc. were approved by the FDA 

on 06/02/2011 and 11/06/2014, respectively.  

SQI Diagnostics received FDA clearance for the Ig plex Celiac DGP which detects IgA and IgG antibodies 

to deamidated gliadin peptide (DGP) and tissue transglutaminase (tTG) in human serum. This was 

approved by the FDA on Nov 06, 2014 (FDA, 2014). 

Inova Diagnostics received FDA clearance on June 16, 2021, for the Aptiva Celiac Disease IgA Reagent, 

which is an “immunoassay utilizing particle-based multi-analyte technology for the semi-quantitative 

determination of anti-tissue transglutaminase IgA autoantibodies and anti-deamidated gliadin peptide 

IgA antibodies in human serum.” It can be used to diagnose celiac disease and dermatitis herpetiformis 

(FDA, 2021). 

No nucleic acid-based test solely for celiac disease has been approved by the FDA as of July 2019. The 

FDA has approved the direct-to-consumer panel test by 23andme that includes a single nucleotide 

polymorphism in HLA-DQA1 (FDA, 2017). 

Many labs have developed specific tests that they must validate and perform in house. These laboratory-

developed tests (LDTs) are regulated by the Centers for Medicare and Medicaid (CMS) as high-

complexity tests under the Clinical Laboratory Improvement Amendments of 1988 (CLIA ’88). LDTs are 

not approved or cleared by the U. S. Food and Drug Administration; however, FDA clearance or approval 

is not currently required for clinical use. 

Applicable CPT/HCPCS Procedure Codes 

CPT Code Description 

81376 

HLA Class II typing, low resolution (eg, antigen equivalents); one locus (eg, HLA-DRB1, -

DRB3/4/5, -DQB1, -DQA1, -DPB1, or -DPA1), each 

81377 HLA Class II typing, low resolution (eg, antigen equivalents); one antigen equivalent, each 

81382 

HLA Class II typing, high resolution (ie, alleles or allele groups); one locus (eg, HLA-DRB1, -

DRB3/4/5, -DQB1, -DQA1, -DPB1, or -DPA1), each 

81383 

HLA Class II typing, high resolution (ie, alleles or allele groups); one allele or allele group 

(eg, HLA-DQB1*06:02P), each 

82784 Gammaglobulin (immunoglobulin); IgA, IgD, IgG, IgM, each 

83516 

Immunoassay for analyte other than infectious agent antibody or infectious agent antigen; 

qualitative or semiquantitative, multiple step method 

86231 Endomysial antibody (EMA), each immunoglobulin (Ig) class 

86255 Fluorescent noninfectious agent antibody; screen, each antibody 

86256 Fluorescent noninfectious agent antibody; titer, each antibody 

86258 Gliadin (deamidated) (DGP) antibody, each immunoglobulin (Ig) class 

86364 Tissue transglutaminase, each immunoglobulin (Ig) class 

88305 Level IV - Surgical pathology, gross and microscopic examination, colon biopsy 

Current Procedural Terminology© American Medical Association.  All Rights reserved. 

Procedure codes appearing in Medical Policy documents are included only as a general reference 

tool for each policy. They may not be all-inclusive. 



 

   Page 26 of 29 

Evidence-based Scientific References 

AAFP. (2017). Screening for Celiac Disease: Recommendation Statement. Am Fam Physician, 96(6), Online. 

https://www.aafp.org/pubs/afp/issues/2017/0915/od1.html  

Al-Toma, A., Volta, U., Auricchio, R., Castillejo, G., Sanders, D. S., Cellier, C., Mulder, C. J., & Lundin, K. E. A. 

(2019). European Society for the Study of Coeliac Disease (ESsCD) guideline for coeliac disease and 

other gluten-related disorders. United European Gastroenterol J, 7(5), 583-613. 

https://doi.org/10.1177/2050640619844125  

Arenda. (2020). SIMTOMAX DGP TEST. https://www.arenda.hr/en/simtomax-dgp-test.aspx 

Bai, J. C., & Ciacci, C. (2017). World Gastroenterology Organisation Global Guidelines: Celiac Disease 

February 2017. J Clin Gastroenterol, 51(9), 755-768. https://doi.org/10.1097/mcg.0000000000000919  

Bajor, J., Szakács, Z., Farkas, N., Hegyi, P., Illés, A., Solymár, M., Pétervári, E., Balaskó, M., Pár, G., Sarlós, P., 

Szűcs, Á., Czimmer, J., Szemes, K., Huszár, O., Varjú, P., & Vincze, Á. (2019). Classical celiac disease is 

more frequent with a double dose of HLA-DQB1*02: A systematic review with meta-analysis. PLoS 

One, 14(2), e0212329. https://doi.org/10.1371/journal.pone.0212329  

Bibbins-Domingo, K., Grossman, D. C., Curry, S. J., Barry, M. J., Davidson, K. W., Doubeni, C. A., Ebell, M., 

Epling, J. W., Jr., Herzstein, J., Kemper, A. R., Krist, A. H., Kurth, A. E., Landefeld, C. S., Mangione, C. M., 

Phipps, M. G., Silverstein, M., Simon, M. A., & Tseng, C. W. (2017). Screening for Celiac Disease: US 

Preventive Services Task Force Recommendation Statement. Jama, 317(12), 1252-1257. 

https://doi.org/10.1001/jama.2017.1462  

Brown, N. K., Guandalini, S., Semrad, C., & Kupfer, S. S. (2019). A Clinician's Guide to Celiac Disease HLA 

Genetics. Am J Gastroenterol, 114(10), 1587-1592. https://doi.org/10.14309/ajg.0000000000000310  

Bufler, P., Heilig, G., Ossiander, G., Freudenberg, F., Grote, V., & Koletzko, S. (2015). Diagnostic 

performance of three serologic tests in childhood celiac disease. Z Gastroenterol, 53(2), 108-114. 

https://doi.org/10.1055/s-0034-1385704  

Caio, G., Volta, U., Sapone, A., Leffler, D. A., De Giorgio, R., Catassi, C., & Fasano, A. (2019). Celiac disease: a 

comprehensive current review. BMC Med, 17(1), 142. https://doi.org/10.1186/s12916-019-1380-z  

CDF. (2018). What is Celiac disease? Celiac Disease Foundation. Retrieved 08/23/2018 from 

https://celiac.org/celiac-disease/understanding-celiac-disease-2/what-is-celiac-disease/ 

FDA. (2014). IG_PLEX CELIAC DGP PANEL. 

https://www.accessdata.fda.gov/scripts/cdrh/devicesatfda/index.cfm?db=pmn&id=K140691 

FDA. (2017). DECISION SUMMARY. https://www.accessdata.fda.gov/cdrh_docs/reviews/DEN160026.pdf  

FDA. (2021, June 16). Aptiva Celiac Disease IgA Reagent. 

https://www.accessdata.fda.gov/cdrh_docs/reviews/K193604.pdf 

Gould, M. J., Mahmud, F. H., Clarke, A. B. M., McDonald, C., Saibil, F., Punthakee, Z., & Marcon, M. A. (2021). 

Accuracy of Screening Tests for Celiac Disease in Asymptomatic Patients With Type 1 Diabetes. Am J 

Gastroenterol, 116(7), 1545-1549. https://doi.org/10.14309/ajg.0000000000001193  

Green, P. H. R., Paski, S., Ko, C. W., & Rubio-Tapia, A. (2022). AGA Clinical Practice Update on Management 

of Refractory Celiac Disease: Expert Review. Gastroenterology, 163(5), 1461-1469. 

https://doi.org/10.1053/j.gastro.2022.07.086  

Hill, I. D., Fasano, A., Guandalini, S., Hoffenberg, E., Levy, J., Reilly, N., & Verma, R. (2016). NASPGHAN 

Clinical Report on the Diagnosis and Treatment of Gluten-related Disorders. J Pediatr Gastroenterol 

Nutr, 63(1), 156-165. https://doi.org/10.1097/mpg.0000000000001216  

Husby, S., Koletzko, S., Korponay-Szabó, I., Kurppa, K., Mearin, M. L., Ribes-Koninckx, C., Shamir, R., 

Troncone, R., Auricchio, R., Castillejo, G., Christensen, R., Dolinsek, J., Gillett, P., Hróbjartsson, A., Koltai, 

T., Maki, M., Nielsen, S. M., Popp, A., Størdal, K., . . . Wessels, M. (2020). European Society Paediatric 

Gastroenterology, Hepatology and Nutrition Guidelines for Diagnosing Coeliac Disease 2020. J Pediatr 

Gastroenterol Nutr, 70(1), 141-156. https://doi.org/10.1097/mpg.0000000000002497  

https://www.aafp.org/pubs/afp/issues/2017/0915/od1.html
https://doi.org/10.1177/2050640619844125
https://www.arenda.hr/en/simtomax-dgp-test.aspx
https://doi.org/10.1097/mcg.0000000000000919
https://doi.org/10.1371/journal.pone.0212329
https://doi.org/10.1001/jama.2017.1462
https://doi.org/10.14309/ajg.0000000000000310
https://doi.org/10.1055/s-0034-1385704
https://doi.org/10.1186/s12916-019-1380-z
https://celiac.org/celiac-disease/understanding-celiac-disease-2/what-is-celiac-disease/
https://www.accessdata.fda.gov/scripts/cdrh/devicesatfda/index.cfm?db=pmn&id=K140691
https://www.accessdata.fda.gov/cdrh_docs/reviews/DEN160026.pdf
https://www.accessdata.fda.gov/cdrh_docs/reviews/K193604.pdf
https://doi.org/10.14309/ajg.0000000000001193
https://doi.org/10.1053/j.gastro.2022.07.086
https://doi.org/10.1097/mpg.0000000000001216
https://doi.org/10.1097/mpg.0000000000002497


 

   Page 27 of 29 

Husby, S., Koletzko, S., Korponay-Szabó, I. R., Mearin, M. L., Phillips, A., Shamir, R., Troncone, R., Giersiepen, 

K., Branski, D., Catassi, C., Lelgeman, M., Mäki, M., Ribes-Koninckx, C., Ventura, A., Zimmer, K. P., & for 

the ESPGHAN Working Group on Coeliac Disease Diagnosis, o. b. o. t. E. G. C. (2012). European Society 

for Pediatric Gastroenterology, Hepatology, and Nutrition Guidelines for the Diagnosis of Coeliac 

Disease. Journal of Pediatric Gastroenterology and Nutrition, 54(1), 136-160. 

https://doi.org/10.1097/MPG.0b013e31821a23d0  

Husby, S., Murray, J. A., & Katzka, D. A. (2019). AGA Clinical Practice Update on Diagnosis and Monitoring 

of Celiac Disease - Changing Utility of Serology and Histologic Measures: Expert Review. 

Gastroenterology, 156(4), 885-889. https://doi.org/10.1053/j.gastro.2018.12.010  

Kelly, C. P. (2023, February 14). Diagnosis of celiac disease in adults. 

https://www.uptodate.com/contents/diagnosis-of-celiac-disease-in-adults 

Ludvigsson, J. F., Bai, J. C., Biagi, F., Card, T. R., Ciacci, C., Ciclitira, P. J., Green, P. H., Hadjivassiliou, M., 

Holdoway, A., van Heel, D. A., Kaukinen, K., Leffler, D. A., Leonard, J. N., Lundin, K. E., McGough, N., 

Davidson, M., Murray, J. A., Swift, G. L., Walker, M. M., . . . Sanders, D. S. (2014). Diagnosis and 

management of adult coeliac disease: guidelines from the British Society of Gastroenterology. Gut, 

63(8), 1210-1228. https://doi.org/10.1136/gutjnl-2013-306578  

Mearin, M. L., Agardh, D., Antunes, H., Al-Toma, A., Auricchio, R., Castillejo, G., Catassi, C., Ciacci, C., 

Discepolo, V., Dolinsek, J., Donat, E., Gillett, P., Guandalini, S., Husby Md, D. S., Koletzko Md, S., Koltai, 

T., Korponay-Szabó, I. R., Kurppa, K., Lionetti, E., . . . Whiting, P. (2022). ESPGHAN Position Paper on 

Management and Follow-up of Children and Adolescents With Celiac Disease. J Pediatr Gastroenterol 

Nutr, 75(3), 369-386. https://doi.org/10.1097/mpg.0000000000003540  

Mubarak, A., Spierings, E., Wolters, V., van Hoogstraten, I., Kneepkens, C. M., & Houwen, R. (2013). Human 

leukocyte antigen DQ2.2 and celiac disease. J Pediatr Gastroenterol Nutr, 56(4), 428-430. 

https://doi.org/10.1097/MPG.0b013e31827913f9  

Murch, S., Jenkins, H., Auth, M., Bremner, R., Butt, A., France, S., Furman, M., Gillett, P., Kiparissi, F., Lawson, 

M., McLain, B., Morris, M. A., Sleet, S., & Thorpe, M. (2013). Joint BSPGHAN and Coeliac UK guidelines 

for the diagnosis and management of coeliac disease in children. Arch Dis Child, 98(10), 806-811. 

https://doi.org/10.1136/archdischild-2013-303996  

Nellikkal, S. S., Hafed, Y., Larson, J. J., Murray, J. A., & Absah, I. (2019). High Prevalence of Celiac Disease 

Among Screened First-Degree Relatives. Mayo Clin Proc, 94(9), 1807-1813. 

https://doi.org/10.1016/j.mayocp.2019.03.027  

NICE. (2015, 09/02/2015). Coeliac disease: recognition, assessment and management. National Institute for 

Health and Care Excellence. Retrieved 08/23/2018 from 

https://www.nice.org.uk/guidance/ng20/resources/coeliac-disease-recognition-assessment-and-

management-pdf-1837325178565 

NICE. (2016, 10/19/2016). Coeliac disease. National Institute for Health and Care Excellence. Retrieved 

08/23/2018 from https://www.nice.org.uk/guidance/qs134/resources/coeliac-disease-pdf-

75545419042501 

NICE. (2022). Coeliac disease overview. https://pathways.nice.org.uk/pathways/coeliac-disease 

NIDDK. (2016, 06/2016). Symptoms & Causes of Celiac Disease. U.S. Department of Health and Human 

Services. Retrieved 09/08/2020 from https://www.niddk.nih.gov/health-information/digestive-

diseases/celiac-disease/symptoms-causes 

NIDDK. (2020, October). Definition & Facts for Celiac Disease. National Institute of Diabetes and Digestive 

and Kidney Diseases. Retrieved 07/11/2021 from https://www.niddk.nih.gov/health-

information/digestive-diseases/celiac-disease/definition-facts 

Olen, O., Gudjonsdottir, A. H., Browaldh, L., Hessami, M., Elvin, K., Liedberg, A. S., Neovius, M., & 

Grahnquist, L. (2012). Antibodies against deamidated gliadin peptides and tissue transglutaminase for 

https://doi.org/10.1097/MPG.0b013e31821a23d0
https://doi.org/10.1053/j.gastro.2018.12.010
https://www.uptodate.com/contents/diagnosis-of-celiac-disease-in-adults
https://doi.org/10.1136/gutjnl-2013-306578
https://doi.org/10.1097/mpg.0000000000003540
https://doi.org/10.1097/MPG.0b013e31827913f9
https://doi.org/10.1136/archdischild-2013-303996
https://doi.org/10.1016/j.mayocp.2019.03.027
https://www.nice.org.uk/guidance/ng20/resources/coeliac-disease-recognition-assessment-and-management-pdf-1837325178565
https://www.nice.org.uk/guidance/ng20/resources/coeliac-disease-recognition-assessment-and-management-pdf-1837325178565
https://www.nice.org.uk/guidance/qs134/resources/coeliac-disease-pdf-75545419042501
https://www.nice.org.uk/guidance/qs134/resources/coeliac-disease-pdf-75545419042501
https://pathways.nice.org.uk/pathways/coeliac-disease
https://www.niddk.nih.gov/health-information/digestive-diseases/celiac-disease/symptoms-causes
https://www.niddk.nih.gov/health-information/digestive-diseases/celiac-disease/symptoms-causes
https://www.niddk.nih.gov/health-information/digestive-diseases/celiac-disease/definition-facts
https://www.niddk.nih.gov/health-information/digestive-diseases/celiac-disease/definition-facts


 

   Page 28 of 29 

diagnosis of pediatric celiac disease. J Pediatr Gastroenterol Nutr, 55(6), 695-700. 

https://doi.org/10.1097/MPG.0b013e3182645c54  

Paul, S. P., Hoghton, M., & Sandhu, B. (2017). Limited role of HLA DQ2/8 genotyping in diagnosing coeliac 

disease. Scott Med J, 62(1), 25-27. https://doi.org/10.1177/0036933016689008  

Pelkowski, T. D., & Viera, A. J. (2014). Celiac disease: diagnosis and management. Am Fam Physician, 89(2), 

99-105.  

Profaizer, T., Pole, A., Monds, C., Delgado, J. C., & Lázár-Molnár, E. (2020). Clinical utility of next generation 

sequencing based HLA typing for disease association and pharmacogenetic testing. Hum Immunol, 

81(7), 354-360. https://doi.org/10.1016/j.humimm.2020.05.001  

Rubio-Tapia, A., Hill, I. D., Kelly, C. P., Calderwood, A. H., & Murray, J. A. (2013). ACG clinical guidelines: 

diagnosis and management of celiac disease. Am J Gastroenterol, 108(5), 656-676; quiz 677. 

https://doi.org/10.1038/ajg.2013.79  

Rubio-Tapia, A., Hill, I. D., Semrad, C., Kelly, C. P., Greer, K. B., Limketkai, B. N., & Lebwohl, B. (2023). 

American College of Gastroenterology Guidelines Update: Diagnosis and Management of Celiac 

Disease. Am J Gastroenterol, 118(1), 59-76. https://doi.org/10.14309/ajg.0000000000002075  

Sakly, W., Mankai, A., Ghdess, A., Achour, A., Thabet, Y., & Ghedira, I. (2012). Performance of anti-

deamidated gliadin peptides antibodies in celiac disease diagnosis. Clin Res Hepatol Gastroenterol, 

36(6), 598-603. https://doi.org/10.1016/j.clinre.2012.01.008  

Sarna, V. K., Lundin, K. E. A., Morkrid, L., Qiao, S. W., Sollid, L. M., & Christophersen, A. (2018). HLA-DQ-

Gluten Tetramer Blood Test Accurately Identifies Patients With and Without Celiac Disease in Absence 

of Gluten Consumption. Gastroenterology, 154(4), 886-896.e886. 

https://doi.org/10.1053/j.gastro.2017.11.006  

Selleski, N., Almeida, L. M., Almeida, F. C., Pratesi, C. B., Nobrega, Y. K. M., & Gandolfi, L. (2018). 

PREVALENCE OF CELIAC DISEASE PREDISPOSING GENOTYPES, INCLUDING HLA-DQ2.2 VARIANT, IN 

BRAZILIAN CHILDREN. Arq Gastroenterol, 55(1), 82-85. https://doi.org/10.1590/s0004-

2803.201800000-16  

Silvester, J. A., Kurada, S., Szwajcer, A., Kelly, C. P., Leffler, D. A., & Duerksen, D. R. (2017). Tests for Serum 

Transglutaminase and Endomysial Antibodies Do Not Detect Most Patients With Celiac Disease and 

Persistent Villous Atrophy on Gluten-free Diets: a Meta-analysis. Gastroenterology, 153(3), 689-

701.e681. https://doi.org/10.1053/j.gastro.2017.05.015  

SSCD. (2017, October). Adult Guideline - Celiac Disease Diagnosis. https://www.theceliacsociety.org/cd-

adult_diagnosis_guide 

Stankovic, B., Radlovic, N., Lekovic, Z., Ristic, D., Radlovic, V., Nikcevic, G., Kotur, N., Vucicevic, K., Kostic, T., 

Pavlovic, S., & Zukic, B. (2014). HLA genotyping in pediatric celiac disease patients. Bosn J Basic Med 

Sci, 14(3), 171-176. https://doi.org/10.17305/bjbms.2014.3.28  

Tangermann, P., Branchi, F., Itzlinger, A., Aschenbeck, J., Schubert, S., Maul, J., Liceni, T., Schröder, A., Heller, 

F., Spitz, W., Möhler, U., Graefe, U., Radke, M., Trenkel, S., Schmitt, M., Loddenkemper, C., Preiß, J. C., 

Ullrich, R., Daum, S., . . . Schumann, M. (2019). Low Sensitivity of Simtomax Point of Care Test in 

Detection of Celiac Disease in a Prospective Multicenter Study. Clin Gastroenterol Hepatol, 17(9), 

1780-1787.e1785. https://doi.org/10.1016/j.cgh.2018.09.032  

Tye-Din, J. A., Galipeau, H. J., & Agardh, D. (2018). Celiac Disease: A Review of Current Concepts in 

Pathogenesis, Prevention, and Novel Therapies. Front Pediatr, 6, 350. 

https://doi.org/10.3389/fped.2018.00350  

Vijzelaar, R., van der Zwan, E., van Gammeren, A., Yilmaz, R., Verheul, A., van Hoogstraten, I., de Baar, E., 

Schrauwen, L., & Kortlandt, W. (2016). Rapid Detection of the Three Celiac Disease Risk Genotypes 

HLA-DQ2.2, HLA-DQ2.5, and HLA-DQ8 by Multiplex Ligation-Dependent Probe Amplification. Genet 

Test Mol Biomarkers, 20(3), 158-161. https://doi.org/10.1089/gtmb.2015.0233  

https://doi.org/10.1097/MPG.0b013e3182645c54
https://doi.org/10.1177/0036933016689008
https://doi.org/10.1016/j.humimm.2020.05.001
https://doi.org/10.1038/ajg.2013.79
https://doi.org/10.14309/ajg.0000000000002075
https://doi.org/10.1016/j.clinre.2012.01.008
https://doi.org/10.1053/j.gastro.2017.11.006
https://doi.org/10.1590/s0004-2803.201800000-16
https://doi.org/10.1590/s0004-2803.201800000-16
https://doi.org/10.1053/j.gastro.2017.05.015
https://www.theceliacsociety.org/cd-adult_diagnosis_guide
https://www.theceliacsociety.org/cd-adult_diagnosis_guide
https://doi.org/10.17305/bjbms.2014.3.28
https://doi.org/10.1016/j.cgh.2018.09.032
https://doi.org/10.3389/fped.2018.00350
https://doi.org/10.1089/gtmb.2015.0233


 

   Page 29 of 29 

Revision History 

Revision Date Summary of Changes 

09/06/2023 Reviewed and Updated: Updated the background, guidelines and recommendations, 

and evidence-based scientific references. Literature review necessitated the following 

changes to coverage criteria: 

All CC except CC9 and CC14 edited for clarity and consistency. 

Addition of new CC1 and CC2: “1) For individuals who have been diagnosed with celiac 

disease and who are IgA sufficient, serologic testing with IgA anti-tissue 

transglutaminase (TTG) MEETS COVERAGE CRITERIA at the following intervals: 

    a) At the first follow-up visit 3-6 months after diagnosis. 

    b) Every 6 months until normalization of anti-TTG levels has occurred. 

    c) Every 12-24 months thereafter.  

2) For individuals who have been diagnosed with celiac disease and who are IgA 

deficient, testing for IgG endomysial antibodies, IgG deamidated gliadin peptide, or 

IgG TTG MEETS COVERAGE CRITERIA at the following intervals: 

    a) At the first follow-up visit 3-6 months after diagnosis. 

    b) Every 6 months until normalization of IgG levels has occurred. 

    c) Every 12-24 months thereafter.” 

Former CC4, now CC6, broken into subcriteria for clarity. Now reads:  

“6)  Testing for IgA and IgG antibodies to deamidated gliadin peptides MEETS 

COVERAGE CRITERIA in any of the following situations: 

    a) For individuals under 2 years of age with a clinical suspicion of celiac disease (see 

Note 1). 

    b) For individuals over 2 years of age as a substitute for anti-TTG testing.” 

New CC11: “11) For asymptomatic individuals not at an increased risk for developing 

celiac disease (see Note 1), testing for celiac disease DOES NOT MEET COVERAGE 

CRITERIA.” 
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Coronavirus Testing in the Outpatient Setting 

Policy Number: AHS – G2174 – Coronavirus Testing 

in the Outpatient Setting 

Prior Policy Name and Number, as applicable: 

Initial Presentation Date: 05/26/2020 

Revision Date: 05/31/2023 

 

POLICY DESCRIPTION 
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INDICATIONS AND/OR LIMITATIONS OF COVERAGE 
TABLE OF TERMINOLOGY 
REIMBURSEMENT 
SCIENTIFIC BACKGROUND 
GUIDELINES AND RECOMMENDATIONS 
APPLICABLE STATE AND FEDERAL REGULATIONS 
APPLICABLE CPT/HCPCS PROCEDURE CODES 
EVIDENCE-BASED SCIENTIFIC REFERENCES 
REVISION HISTORY 

Policy Description 

Human coronaviruses, first characterized in the 1960s, are named based on the spiked proteins located 

on their surface. As of 2020, seven coronaviruses are known to infect humans. Four, of which—229E, 

NL63, OC43, and HKU1—are associated with the common cold. MERS-CoV is the coronavirus that 

causes Middle East Respiratory Syndrome, or MERS. SARS-CoV is the causative agent of Severe Acute 

Respiratory Syndrome (SARS), and SARS-CoV-2 is the virus that causes coronavirus disease 2019, or 

COVID-19 (CDC, 2020b). As of November 11, 2022, the United States had reported more than 

634,709,332 confirmed cases of COVID-19 and over 6,609,119 reported COVID-19 deaths (JHU, 2022). 

Testing for a possible coronavirus infection can include molecular tests, such as nucleic acid-based 

testing like reverse transcription polymerase chain reaction (RT-PCR); host antibody testing; and antigen 

testing. 

Related Policies 

Policy Number Policy Title 

AHS-G2060 Fecal Analysis in the Diagnosis of Intestinal Dysbiosis 

AHS-G2149 Pathogen Panel Testing 

AHS-M2097 Identification of Microorganisms Using Nucleic Acid Probes 
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Indications and/or Limitations of Coverage 

Application of coverage criteria is dependent upon an individual’s benefit coverage at the time of the 

request. Specifications pertaining to Medicare and Medicaid can be found in the “Applicable State and 

Federal Regulations” section of this policy document. 

This policy only addresses testing for the purpose of medical decision making in the outpatient setting. This 

policy does not address work, school, state, or federally mandated SARS-CoV-2 testing. 

1) Targeted nucleic acid testing (e.g., RT-PCR, rapid molecular tests) for COVID-19 (SARS-CoV-2) MEETS 

COVERAGE CRITERIA in any of the following situations: 

a) For individuals displaying signs and symptoms of possible COVID-19 infection (See Note 1). 

b) For asymptomatic individuals with known exposure to COVID-19, EXCEPT when the individual has 

had a previous COVID-19 infection within the last 90 days.  

2) For individuals with signs or symptoms of SARS and who have traveled to endemic areas or who have 

been exposed to persons with SARS, targeted nucleic acid testing (e.g., RT-PCR) for the detection of 

severe acute respiratory syndrome (SARS) coronavirus RNA MEETS COVERAGE CRITERIA.  

3) For individuals with signs or symptoms of Middle East respiratory syndrome (MERS) and who have 

traveled to endemic areas or who have been exposed to persons with MERS, targeted nucleic acid 

testing (e.g, RT-PCR) for the detection of MERS coronavirus RNA MEETS COVERAGE CRITERIA.  

4) To support a diagnosis of multisystem inflammatory syndrome in children (MIS-C) (see Note 2), 

multisystem inflammatory syndrome in adults (MIS-A) (see Note 3), or post-acute sequelae of SARS-

CoV-2 infection (PASC), host antibody serology testing MEETS COVERAGE CRITERIA. 

5) For symptomatic individuals, antigen-detecting diagnostic tests for SARS-CoV-2 (e.g., antigen rapid 

tests) MEET COVERAGE CRITERIA.  

6) For individuals with signs and symptoms of a respiratory tract infection (see Note 4), multiplex PCR-

based panel testing of up to 5 respiratory pathogens MEETS COVERAGE CRITERIA. 

7) For individuals with signs and symptoms of a respiratory tract infection (see Note 4), antigen panel 

testing of up to 5 antigens MEETS COVERAGE CRITERIA. 

8) For the diagnosis of SARS-CoV-2 reinfection, whole genome sequencing of paired specimens from 

distinct lineages (as defined in Nextstrain or GISAID) DOES NOT MEET COVERAGE CRITERIA. 

9) Multiplex PCR-based panel testing of 6 or more respiratory pathogens DOES NOT MEET COVERAGE 

CRITERIA.  

10) Antigen panel testing of 6 or more antigens DOES NOT MEET COVERAGE CRITERIA.  

11) For all other situations not described above, host antibody serology testing DOES NOT MEET 

COVERAGE CRITERIA. 

The following does not meet coverage criteria due to a lack of available published scientific literature 

confirming that the test(s) is/are required and beneficial for the diagnosis and treatment of an individual’s 

illness. 



  

   Page 3 of 58 

12) In the outpatient setting, SARS-CoV-2 genotyping DOES NOT MEET COVERAGE CRITERIA.  

13) For all situations, neutralization antibody testing for SARS-CoV-2 DOES NOT MEET COVERAGE 

CRITERIA. 

14) Testing for other endemic coronaviruses, such as 229E, NL63, OC43, and HKU1, DOES NOT MEET 

COVERAGE CRITERIA. 

 

NOTES: 
Note 1: Signs and symptoms associated with a possible COVID-19 infection can include a fever, cough, 

fatigue, shortness of breath or difficulty breathing, congestion or runny nose, chills, muscle pain, 

headache, sore throat, new loss of taste or smell, nausea, vomiting, diarrhea, conjunctivitis, rash on skin or 

discoloration of fingers or toes (CDC, 2020e; WHO, 2023). 

Note 2: According to the CDC, evidence of possible MIS-C includes (CDC, 2021c): 

• Fever of at least 38.0˙C for at least 24 hours 

• Multisystem (2 or more) organ involvement 

• Laboratory evidence of inflammation, “including, but not limited to, one or more of the following: 

an elevated C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), fibrinogen, 

procalcitonin, d-dimer, ferritin, lactic acid dehydrogenase (LDH), d-dimer, ferritin, lactic acid 

dehydrogenase (LDH), or interleukin 6 (IL-6), elevated neutrophils, reduced lymphocytes and low 

albumin (CDC, 2020d)” 

Some children may fulfill full or partial criteria for Kawasaki disease 

Note 3: According to the CDC, evidence of possible MIS-A includes (Morris et al., 2020; Patel et al., 2021): 

• a severe illness requiring hospitalization in a person aged ≥21 years;  

• a positive test result for current or previous SARS-CoV-2 infection (nucleic acid, antigen, or 

antibody) during admission or in the previous 12 weeks; 

• severe dysfunction of one or more extrapulmonary organ systems (e.g., hypotension or shock, 

cardiac dysfunction, arterial or venous thrombosis or thromboembolism, or acute liver injury);  

• laboratory evidence of severe inflammation (e.g., elevated CRP, ferritin, D-dimer, or interleukin-6); 

• absence of severe respiratory illness (to exclude patients in which inflammation and organ 

dysfunction might be attributable simply to tissue hypoxia). 

Note 4: Signs and symptoms of a respiratory tract infection: 

• A temperature greater than 102°F  

• Pronounced dyspnea,  

• Tachypnea, or 

• Tachycardia. 

Table of Terminology 

Term Definition 

2019-nCoV 2019 novel coronavirus 

AACC American Association for Clinical Chemistry 

AAP American Academy of Pediatrics 

ACE-2 Angiotensin converting enzyme-2 



  

   Page 4 of 58 

ACR American College of Rheumatology 

ACS American Chemical Society 

Ag-RDTs Antigen-detecting rapid diagnostic tests 

AMA American Medical Association 

APSF Anesthesia Patient Safety Foundation 

ARDS Acute respiratory distress syndrome 

ASA American Society of Anesthesiologists 

ASM American Society for Microbiology 

BAL Bronchoalveolar lavage 

BNP B-type natriuretic peptide 

CARES Act Coronavirus Aid, Relief, And Economic Security Act 

Cas12a CRISPR associated protein 12a 

CBC Complete blood cell count 

CDC Centers For Disease Control and Prevention 

cDNA Complementary DNA 

CFR Code of Federal Regulations 

CI Confidence interval 

CLIA Chemiluminescence enzyme immunoassay 

CLIA ’88 Clinical Laboratory Improvement Amendments Of 1988 

CMS Centers For Medicare & Medicaid Services 

COVID-19 Coronavirus disease 2019 

CPK Creatine phosphokinase 

CRP C-reactive protein 

CSSE Center for Systems Science and Engineering 

CT Cycle threshold 

cVNT Competitive neutralization test 

DNA Deoxyribonucleic acid 

DPP7 Dipeptidyl peptidase 7 

ECDC European Centre for Disease Prevention and Control 

ESR Erythrocyte sedimentation rate 

ETS Emergency temporary standard 

EU/EEA European Union / European Economic Area 

EUA Emergency use authorization 

FAQ Frequently asked questions 

FDA Food and Drug Administration  

FET Field-effect transistor 

FIA Fluorescence immunoassays 

Flu SC2 Influenza SARS-CoV-2 (multiplex assay) 

FN False negative 

FP False positive 

GISAID Global initiative on sharing all influenza data 

GOLGA3 Golgi autoantigen, golgin subfamily a, 3 

GRADE Grading Of Recommendations Assessment, Development, and Evaluation 

HCoVs Human coronaviruses 

HCP Health care personnel 

HCW Healthcare worker 
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HHS Health And Human Services 

HKU1 Human coronavirus 

HLA Human leukocyte antigen 

HSCT Hematopoietic stem cell transplant 

ICMA Immunochemiluminometric assay 

ICR Investigative criteria for suspected cases of SARS-CoV-2 reinfection 

IDSA Infectious Diseases Society of America 

IFU Instructions for use 

IgA Immunoglobulin A 

IgG Immunoglobulin G 

IgM Immunoglobulin M 

IL-1 Interleukin 1 

IL-6 Interleukin 6 

INR International normalized ratio 

IQR Interquartile range 

IVIG Intravenous immunoglobulin 

JAMA Journal of the American Medical Association 

LDH Lactic acid dehydrogenase 

LDTs Laboratory-developed tests 

LFIAs Lateral flow immunoassays 

LoD Limit of detection 

MERS Middle east respiratory syndrome 

MERS-CoV Middle east respiratory syndrome–related coronavirus 

MHRA Medicines & Healthcare Products Regulatory Agency 

MIS-A Multisystem inflammatory syndrome in adults 

MIS-C Multisystem inflammatory syndrome in children 

MMWR Morbidity And Mortality Weekly Report  

MT Mid-turbinate 

N Nucleocapsid 

NAATs Nucleic acid amplification tests 

NAbs Neutralizing antibodies 

NGS Next-generation sequencing 

NIH National Institutes of Health 

NP Nasopharyngeal 

NPA Negative percent agreement 

NT-proBNP N-terminal pro hormone BNP 

NW Nasopharyngeal wash/aspirate or nasal wash/aspirate 

ODs Optical densities 

OP Oropharyngeal 

opvCRISPR One-pot visual SARS-CoV-2 detection system 

OSHA Occupational Safety and Health Administration 

PASC Post-Acute Sequelae Of SARS-CoV-2 Infection 

PCR Polymerase chain reaction 

PEM Post-exertional malaise 

PHE Public Health England 

PHS Act Public Health Service Act 
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POC Point-of-care 

POC/NP Point of care/near person 

PPA Positive percent agreement 

PPE Personal protective equipment 

pro-BNP Pro hormone BNP 

PSO Past symptom onset 

PT Prothrombin time 

PTT Partial thromboplastin time 

ptxP Single-copy promoter target 

RADT Rapid antigen detection test 

RBD Receptor binding domain 

RdRp Ribonucleic acid-dependent ribonucleic acid polymerase 

RNA Ribonucleic acid 

RP Ribonuclease P gene 

RP Respiratory pathogen 

RP2 Respiratory panel 2 

RP2.1 Respiratory panel 2.1 

RT Reverse transcriptase 

RT-LAMP Reverse transcription loop-mediated isothermal amplification 

RT-PCR Reverse transcription polymerase chain reaction 

SARC Severe acute respiratory syndrome 

SARS-CoV Severe acute respiratory syndrome- coronavirus 

SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2 

SF-12 Short form 12 Health Survey 

SHEA Society for Healthcare Epidemiology of America 

SNPs Single nucleotide polymorphisms 

SOT Solid organ transplant 

ssDNA Single-stranded deoxyribonucleic acid 

sVNT Surrogate viral neutralization test 

TCID50 Median tissue culture infective dose 

TMA Transcription-mediated amplification 

TMEM189–UBE2V1 PEDS1-UBE2V1 readthrough 

TN True negative 

TP True positive 

UCSD University of California San Diego 

VOC Variant of concern 

VUI Variant under investigation 

WGS Whole genome sequencing 

WHO World Health Organization 

Reimbursement 

1) AMA standard practice for COVID-19 testing states not to include both the HCPCS and AMA code for 

the same procedure on the same DOS and that only one code should be used, therefore only one 

code per date of service will be reimbursed. 



  

   Page 7 of 58 

2) Specimen collection codes for coronavirus testing are considered incidental and will not be 

reimbursed.  

Scientific Background 

On March 11, 2020, the World Health Organization (WHO) declared the novel coronavirus SARS-CoV-2, 

or COVID-19, a global pandemic (Cucinotta & Vanelli, 2020). COVID-19 is the third recent human 

coronavirus to be declared an emergency. SARS (Severe Acute Respiratory Syndrome) was recognized as 

an emergency by the WHO in February 2003 (WHO, 2022c). This outbreak in 2003 resulted in over 8000 

cases in 26 different countries. Since 2003, only four limited reoccurrences have been reported 

according to the WHO—three incidences are due to laboratory accidents (in Taipei and Singapore) and 

one incident of undetermined source in China (WHO, 2022c). As early as September 2012, another 

human coronavirus, MERS-CoV, began to spread in the Middle East, causing Middle East Respiratory 

Syndrome (MERS). Although the WHO did not initially declare MERS an emergency, they have since 

added MERS to their list of pandemic/epidemic diseases. Since September 2012 and as of the end of 

October 2021, the WHO reports 2574 laboratory-confirmed cases of MERS with 858 MERS-associated 

deaths (34.4% fatality rate) in 27 countries (WHO, 2022b).  

Unlike the initial SARS and MERS outbreaks that were predominantly regionally contained, COVID-19 

became a global pandemic. According to the WHO, as of November 11,2022, there were more than 630 

million confirmed cases of COVID-19 with over 6,584,104 confirmed deaths worldwide (WHO, 2022a). 

Infection from the novel human coronavirus SARS-CoV-2 can result in coronavirus disease 2019 (COVID-

19). The WHO reports approximately 15% of individuals with COVID-19 develop severe disease requiring 

oxygen support while 5% develop “critical disease” with complications such as respiratory failure or 

multiorgan failure (WHO, 2021b). Older individuals and patients with comorbidities—such as 

cardiovascular disease, diabetes mellitus, hypertension, chronic lung disease, cancer, chronic kidney 

disease, obesity, and smoking—have an increased likelihood of poor outcomes (McIntosh, 2023). Sepsis, 

multiorgan failure (including the kidney, liver, and heart), pneumonia, and acute respiratory distress 

syndrome (ARDS) can also occur (WHO, 2021b; Yang et al., 2020). Severe outcomes have been 

associated with the following laboratory features: lymphopenia, elevated liver enzymes, elevated lactate 

dehydrogenase (LDH), elevated inflammatory markers (such as CRP and ferritin), elevated D-dimer, 

elevated prothrombin time (PT), elevated troponin, elevated creatine phosphokinase (CPK), and acute 

kidney injury (McIntosh, 2023).  

Much of what has generated this global pandemic is attributed to the different levels of transmissibility 

of the SARS-CoV-2 virus compared to SARS-CoV-1 and MERS, which can arise from the viral load. 

Simply put, viral load is the number of viral particles/virions in a milliliter of blood (Ryding, 2020). The 

viral load of SARS-CoV-2 “peaks around the time of symptom onset, followed by a gradual decrease to a 

low level after about 10 days. Regarding the period of high infectiousness, a recent study reported that 

exposure to an index case within 5 days of symptom onset confers a high risk of secondary 

transmission” (Kawasuji et al., 2020). This finding was corroborated by other studies, which found that 

“SARS-CoV-2 viral load in the upper respiratory tract appeared to peak in the first week of illness, 

whereas that of SARS-CoV peaked at days 10–14 and that of MERS-CoV peaked at days 7–10;” because 

SARS-CoV-2 viral load peaks faster, it can be more transmissible earlier in the disease course (Cevik et 

al., 2021). However, after reaching its peak during symptom onset, the viral load decreases 

“monotonically” (Kawasuji et al., 2020). If viral loads do not decrease, patients will be more likely to 

suffer worse outcomes and require hospitalization (Griffin, 2020). Viral load has been found to be either 

similar among symptomatic and asymptomatic COVID-19 positive individuals, or higher among 

symptomatic individuals (Kawasuji et al., 2020; Nackerdien, 2020). Infectiousness of COVID-19 also 
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correlates with shedding, meaning that the viral particles can replicate in an individual and spread in the 

environment to others. The mean duration of SARS-CoV-2 RNA shedding “was 17.0 days (95% CI 15·5–

18·6; 43 studies, 3229 individuals) in upper respiratory tract, 14.6 days (9·3–20·0; seven studies, 260 

individuals) in lower respiratory tract, 17.2 days (14·4–20·1; 13 studies, 586 individuals) in stool, and 16.6 

days (3·6–29·7; two studies, 108 individuals) in serum samples,” with maximum shedding duration 

reaching “83 days in the upper respiratory tract, 59 days in the lower respiratory tract, 126 days in stools, 

and 60 days in serum”(Cevik et al., 2021).  

In children and adolescents, reports of a multisystem inflammatory syndrome (MIS-C) with similarities to 

Kawasaki disease and toxic shock syndrome have been linked to COVID-19 (CDC, 2020d; DeBiasi et al., 

2020; Jones et al., 2020; Verdoni et al., 2020; WHO, 2020c). Multisystem inflammatory syndrome has also 

been reported in adults (MIS-A). From June to October 2020, researchers reported 27 cases of MIS-A in 

the US and UK (Baum, 2020). The case definition of MIS-A includes “(1) hospitalization without evidence 

of severe respiratory illness (to exclude hypoxia as the cause of the signs and symptoms), (2) 

extrapulmonary organ system involvement (including hypotension or shock, cardiac dysfunction, arterial 

or venous thromboembolism, acute liver injury, or dermatologic abnormalities), and (3) laboratory 

evidence of acute inflammation (e.g., highly elevated C-reactive protein, ferritin, D-dimer, or interleukin-

6)” (Baum, 2020). Most patients present with a fever >100.4 °F, cardiac abnormalities (arrhythmias, 

elevated troponin levels, or left or right ventricular dysfunction), and gastrointestinal symptoms. Rare 

symptoms include dermatological manifestations or respiratory symptoms such as pleural effusion. 

Patients may have elevated laboratory markers of inflammation including CRP, ferritin, and markers of 

coagulopathy including D-dimer (Morris et al., 2020).  

As SARS-CoV-2 has continuously mutated over the course of the pandemic, CDC has adjusted their 

categorizations of the numerous variants based on shared attributes that may require public action and 

on available information. CDC lists four variant classifications on their website: variants being monitored 

(VBM), variants of interest (VOI), variants of concern (VOC), and variants of high consequence (VOHC). 

Variants being monitored (VBMs) are described as “lineages whose data indicates there is a potential or 

clear impact on available medical countermeasures”, “lineages that cause more severe disease or 

increased transmission but are no longer detected”, or “lineages previously designated as a VOI, VOC, or 

VOHC that are currently circulating at very low levels, in the United States”. As such, VBMs “do not pose 

a significant and imminent risk to public health in the United States” and VOIs and VOCs may be 

downgraded to this list when evidence suggests that they no longer pose significant risk to public health 

(CDC, 2023c). The list of possible attributes for variants of interest (VOIs) include the presence of 

“specific genetic markers that are predicted to affect transmission, diagnostics, therapeutics, or immune 

escape”, “evidence that it is the cause of an increased proportion of cases or unique outbreak clusters”, 

and “limited prevalence or expansion in the US or in other countries”. In addition to including possible 

features of VOIs, variants of concern (VOCs) are marked by a “increase in transmissibility”, “more severe 

disease (for example, increased hospitalizations or deaths)”, “significant reduction in neutralization by 

antibodies generated during previous infection or vaccination”, and “reduced effectiveness of treatments 

or vaccines, or diagnostic detection failures”. A variant of high consequence (VOHC) “has clear evidence 

that prevention measures or medical countermeasures (MCMs) have significantly reduced effectiveness 

relative to previously circulating variants” (CDC, 2023c). Currently, all the variants being monitored by 

CDC fall in VBM status except for the Omicron strain (B.1.1.529 and descendant lineages), which is 

labeled a VOC.  

CDC indicates three vaccines as authorized and recommended to prevent COVID-19 in the US: Pfizer-

BioNTech COVID-19 Vaccine, Bivalent; Moderna COVID-19 Vaccine, Bivalent; and Novavax COVID-19 

Vaccine, Adjuvanted. The Pfizer-BioNTech and Moderna COVID-19 vaccines are mRNA vaccines, which 
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instruct B and T lymphocytes to fight off that specific mRNA-encoded protein from COVID-19 in the 

event of future exposure. Novavax is a protein subunit vaccine that delivers pieces (spike proteins) of the 

virus that causes COVID-19, as well as an adjuvant that helps the immune system respond in the event 

of future exposure (CDC, 2023a).  

Besides the viruses associated with SARS, MERS, and COVID-19, four other human coronaviruses 

(HCoVs) are currently known—229E, NL63, OC43, and HKU1. These four viruses are considered endemic 

to the human population, and they typically cause mild respiratory tract infections associated with the 

common cold; in fact, it is approximated that up to one-third of all “common colds” may be due to one 

of these four endemic human coronaviruses. These HCoVs can cause both upper and lower respiratory 

infections, but they typically result in relatively mild, or even asymptomatic, cases. In immunosuppressed 

individuals, including those with pre-existing pulmonary diseases, progression to acute respiratory 

failure can occur in some cases (Corman et al., 2019; Ludwig & Zarbock, 2020).  

Nucleic Acid Testing for Human Coronavirus Infections 

Coronaviruses are a family of enveloped, single-stranded positive-sense RNA viruses. During the initial 

phase of infection, the virus can be detected in respiratory specimen due to high concentrations of viral 

RNA (Figure 1). RT-PCR is a powerful molecular technique that synthesizes complimentary DNA (cDNA) 

from the initial RNA template and uses primers to manufacture multiple cDNA copies for analysis. RT-

PCR, when used with appropriate primers targeting the SARS-CoV-2 RNA, is used to diagnose an acute 

infection. The CDC RT-PCR Diagnostic Panel detects SARS-CoV-2 virus in the upper and lower 

respiratory specimen. The CDC has released standard primers to detect SARS-CoV-2 RNA, but any 

primers or probes that receive an Emergency Use Authorization (EUA) label may also be used with the 

CDC’s RT-PCR Diagnostic Panel (CDC, 2022a). As depicted in Figure 1, the concentration of viral RNA 

decreases as the immune system fights the infection, and very low or undetectable viral RNA levels are 

typically present after an individual has recovered. Consequently, RT-PCR cannot be used to screen for a 

past infection. Another limitation to RT-PCR is that it does require specific instrumentation, and, 

therefore, is less amenable as a rapid, point-of-care test. RT-PCR results of SARS-CoV-2 may fluctuate 

and become unstable over time, thus requiring other clinical diagnostic measures, such as computerized 

tomography imaging to supplement isolation, discharge, and any transfers during this epi demic (Li et 

al., 2020). 
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Clinical Utility and Validity of Nucleic Acid Testing 

Many studies have been performed to date to evaluate the analytical performance of RT-PCR. One 

study, using a high-throughput platform, for example, reported a limit of detection (LoD) of 689.3 

copies/mL and 275.72 copies per reaction at 95% detection probability (Pfefferle et al., 2020). The WHO 

diagnostic RT-PCR test utilizes two genes--the E gene as the molecular target (where the limit is 3.9 

copies per reaction) and the RdRp gene as the molecular target (limit of 3.6 copies per reaction) (Lippi et 

al., 2020). One recent study reported possible in vitro cross-reactivity between the RdRp-based method 

used predominantly in European labs with SARS-CoV in cell culture (Chan et al., 2020). SARS-CoV is the 

coronavirus that caused the initial SARS (Severe Acute Respiratory Syndrome) outbreak in 2003 (WHO, 

2022c). The likelihood of either a co-infection of SARS-CoV and SARS-CoV-2 or a concurrent outbreak of 

both viruses is small. The CDC diagnostic panel test does not target the RdRp gene; it consists of two 

primer/probe sets of the N gene and one primer/probe set for human RNase P gene (RP) as the control. 

The CDC diagnostic panel has a reported limit of 1.0 – 3.2 copies/µL (CDC, 2020a; Lippi et al., 2020). 

Reports of initial negative RT-PCR results in individuals who later develop symptomatic COVID-19 have 

been published, but this may occur if the sample was not properly collected or if it was taken from the 

patient early in the infection during the initial incubation period of SARS-CoV-2, which is approximately 

6 days (interquartile range [IQR], 2 – 11 days) (Backer et al., 2020; Lippi et al., 2020). Consequently, it is 

important to remember that “Negative results do not preclude SARS-CoV-2 infection and should not be 

used as the sole basis for patient management decisions. Negative results must be combined with 

clinical observations, patient history, and epidemiological information (LabCorp, 2020b).” 

To compare and analyze the diagnostic efficacy of two RT-PCR test kits for detection of SARS-CoV-2, Lu 

et al. (2020) studied throat swab samples from 18 hospitalized patients with a clinical COVID-19 diagnosis 

and 100 hospitalized patients without COVID-19 diagnosis. Two different RT-PCR tests from Sansure 

Biotech Inc (SansureBiotech, 2020) and Shanghai BioGerm Biotechnology Co., Ltd (BioGerm, 2020) were 

used. The table below (Lu et al., 2020) shows that the detection efficacy of BioGerm PCR kit was higher 

than that of the Sansure PCR kit. These two kits had the same specificity and positive predictive value, but 

the sensitivity of the Sansure PCR kit was 83.3%, whereas the sensitivity of the BioGerm PCR kit was 

94.4%. For the Sansure PCR kit, 3 of the 18 samples were false-negative results, and for the BioGerm PCR 

kit, 1 of the 18 samples was a false-negative result. No false-positive results were detected in these tests. 

Figure 1: General time course of a viral infection, such as SARS-CoV-2. This is for illustrative 
purposes and should not be used as a primary reference or for diagnostic purposes. The original 
content can be found within the references (The_Native_Antigen_Company, 2020). 
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The author suggests that “these findings provide important information for the ongoing optimization of 

viral detection assays following the emergence of COVID-19” (Lu et al., 2020).  

 

Table 2. Diagnosis efficacy of Sansure and BioGerm test kits for SARS‐CoV‐2 nucleic acid detection 

In a case series study of multisystem inflammatory syndrome in adults (MIS-A) associated with SARS-

CoV-2 infection, 16 patients ranging from 21 to 50 years old were enrolled and tested with PCR assay. 

10 out of 16 patients had positive SARS-CoV-2 PCR test results at the time of admission. Two patients 

had positive SARS-CoV-2 PCR test results 14 and 37 days before admission and negative PCR results at 

the time of admission. Three patients had positive SARS-CoV-2 PCR test results 25–41 days before 

admission and continued positive PCR test results at the time of admission. “Given the high proportion 

of MIS-C patients with negative PCR testing, clinical guidelines recommend the use of both antibody 

and viral testing to assist with diagnosis” (Morris et al., 2020).  

Li et al. (2021) conducted a cross-sectional analysis on 30 patients with COVID-19 diagnoses to compare 

the sensitivity of SARS-CoV-2 testing in anterior nasal vestibular swabs versus oropharyngeal swabs. 

After specimen collection, RT-PCR assays were used to test them for SARS-CoV-2. They found that 

56.7% of the patients tested positive using oropharyngeal specimen, whereas 66.7% of patients tested 

positive with the nasal swab specimens. Ultimately, there is “adequate sensitivity” to use the less invasive 

anterior nasal vestibular swabs to detect COVID-19 infection confirmed by RT-PCR (Li et al., 2021). 

Yau et al. (2021) evaluated the clinical utility of a rapid “on-demand” PCR-based testing service in an 

acute hospital setting. In an effort to increase hospital efficiency starting from July 2020, the researchers 

focused on moving patients quickly to isolation rooms and minimize potential risk of transmission in 

crowded areas. From their study, it was found that the “daily/monthly PCR positive test numbers 

approximately followed the local and national UK trend in COVID-19 case numbers, with the daily case 

numbers being reflective of the Nov and Dec 2020 surges.” It ultimately helped to reduce “unnecessary 

‘length-of-stay’ in a busy acute respiratory ward.” Patients were able to be rapidly separated based on 
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COVID-19 positive diagnosis and the system in place reduced exposure and nosocomial transmission 

(Yau et al., 2021). 

Dighe studied a lateral flow strip-based RNA extraction and amplification-free nucleic acid test (NAT) for 

rapid diagnosis of COVID-19 at point of care which takes no longer than 30 minutes. This test uses 

highly specific 6-carboxyfluorescein (6-FAM) and biotin labeled antisense oligonucleotides (ASOs) as 

probes those are designed to target the N-gene sequence of COVID-19. This study evaluated 60 

samples using the lateral flow assay and results were compared with the FDA-approved TaqPath RT-PCR 

kit. According to the results, the assay obtained almost 99.99% accuracy and specificity. The authors 

conclude that this new LFA method could be "expanded beyond COVID-19 detection, simply by altering 

its targeting antisense oligonucleotides, to become a global health technology that contributes to 

providing low-cost diagnostics" (Dighe et al., 2022). 

Mawhorter et al. (2022) investigated the impact and cost of a routine pre-operative COVID-19 PCR 

testing algorithm for asymptomatic patients before elective surgery at a rural academic institution per 

recommendations by the American College of Surgeons. From 7579 pre-procedural tests that were 

completed since May 2020 using the protocol, the study yielded 31 (0.41%) positive results in 

asymptomatic patients. With these positive results, there were impacts on both the cost and delay of the 

procedure. The results showed that “20 procedures (62.5%) were delayed an average of 49 days, 8 were 

not performed, and 3 proceeded without delay,” with a prolonged delay for the 3 urological procedures 

of 59 days. They also identified that the number needed to test for one positive result was 244, with 

$11,573 as cost for each positive result. This analysis found that the hospital was able to be more cost-

effective (each test was $34-54) with a standardized testing algorithm prior to procedure performance 

(Mawhorter et al., 2022).  

Host Antibody Testing 

The COVID-19 illness begins with an initial infection by SARS-CoV-2. Viral invasion stimulates the host 

immune response to produce immunoglobulins, such as IgM, IgA, and IgG, that can target the invading 

virus. However, there is a delay between the time of initial infection and the production of 

immunoglobulins (Figure 1) (The_Native_Antigen_Company, 2020). Typically, several days after the 

initial onset of symptoms, the first IgM immunoglobulins are produced to combat the viral infection. IgA 

(not shown in Figure 1), immunoglobulins secreted to protect predominantly the mucosal linings of the 

gastrointestinal, respiratory, and genitourinary tracts (Woof & Kerr, 2006), typically have a half-life of 4 – 

6 days (Morell et al., 1973). Finally, IgG, the long-term immunoglobulins found within body fluids that 

fight bacterial and viral infections, are produced and IgM production wanes. Some limited studies have 

indicated that some individuals may initially produce IgM and IgG antibodies concurrently, but 

additional research is needed (Padoan et al., 2020).  

Serological host antibody tests can detect the presence of IgM and IgG antibodies that an individual has 

developed in response to an infection—in this case, a SARS-CoV-2 viral infection. The test may report 

total antibodies present, meaning either it does not distinguish between IgG and IgM or that it is 

reporting the sum of IgG and IgM. This is sometimes referred to as “total antibody testing”. On the other 

hand, the test may be specific for one antibody, such as IgG or IgM, or the test may claim to accurately 

distinguish between the antibodies.  

Another type of antibody testing is “neutralizing” antibody detection, as opposed to “binding” antibody 

detection described above. This process involves incubating serum with a live version of the virus. The 

analytes of interest are the antibodies that have the capability to prevent infection by the virus (i.e. 
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neutralization). Identification of these antibodies may contain useful clinical information and are often 

reported in an aggregate titer, as opposed to specifying each individual antibody (CDC, 2022e; Espejo et 

al., 2020). Due to use of live virus, these tests may need to be performed in a higher biosafety laboratory, 

although some techniques using pseudoviruses may be performed in less restrictive laboratories (CDC, 

2022f). 

Clinical Utility and Validity of Host Antibody Testing 

Antibody testing has many potential uses. Ideally, the use of an accurate, reliable antibody test could 

possibly show whether someone has previously been exposed to the virus. This could indicate possible 

immunity in an individual. Please note that the antibody test is not used as a diagnostic test, 

meaning it should not be used to diagnose an acute infection. Within the FDA policy for diagnostic 

testing for COVID-19, issued on November 15, 2021 they state, “Results from antibody testing should 

not be used to diagnose or exclude SARS-CoV-2 infection” (FDA, 2022e).   

The FDA published a Frequently Asked Questions (FAQ) update on March 19, 2021. In it, they remarked 

that antibody tests cannot be used to diagnose COVID-19, and that molecular or antigen tests are 

available for diagnostic purposes (FDA, 2022a). 

Since SARS-CoV-2 is a new, emerging virus, it is not known for certain how long it takes for the 

seroconversion to occur or when antibodies start to appear in the blood at high enough concentrations 

for accurate testing results. A recent study published in Clinical Infectious Diseases reports an average of 

seroconversion time for IgM and IgG at 12 and 14 days, respectively (Zhao et al., 2020). A small study 

(n=34 patients) reports the presence of IgG for at least seven weeks (the duration of the study) (Xiao et 

al., 2020). Another study, however, reports that IgM testing has similar, if not better positive detection 

rate than PCR 5.5 days after initial onset of symptoms; however, the total window of antibody detection 

for IgM was only 5 days long (Guo et al., 2020) (See Figure 1). If the patient was not tested during the 

detection window, then the individual would not necessarily have a “positive” result for IgM. The authors 

also report the detection of IgA antibodies (median onset at 5 days after initial symptoms [IQR 3 – 6 

days]), and 92.7% of total samples report a positive result for IgA. This same study also reports that IgG 

detection occurs, on average, fourteen days after initial onset of symptoms (Guo et al., 2020). Another 

study reports that IgA-based ELISA testing has higher sensitivity than IgG-based ELISA testing, but the 

IgG-based ELISA testing has higher specificity. The authors recommend IgG-based testing over the IgA-

based testing in immunosurveillance studies since IgG has a longer biological half-life (Okba et al., 

2020). At least one published study to date has reported that as many as 6.9% of individuals who 

previously had tested positive with RT-PCR results did not show the presence of antibodies for the 

length of the study (at least 40 days after the initial onset of symptoms) (Zhao et al., 2020).  

Ideally, any rapid diagnostic test for the outpatient setting must be accurate and reliable. Current 

research indicates that the diagnostic window for IgA and IgM is very limited. Some data indicate that 

host antibody testing can also yield inaccuracies. Also, for IgG testing, the significance of positive results 

is questionable at the current time. A positive result could indicate a previous infection, assuming the 

test did not cross-react with any other IgG the host produced in response to one of the four 

coronaviruses known to cause the common cold in humans, for example. It is not currently known, 

however, if the presence of IgG antibodies indicates immunity (or degree thereof) of the host against 

SARS-CoV-2. The duration of any conferred immunity, or the level of IgG antibodies required to 

effectively acquire such immunity, are also unknown. Additional research is needed and encouraged. 

Lisboa Bastos et al. (2020) performed a meta-analysis to investigate the diagnostic accuracy of 
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serological testing for COVID-19. The authors aimed to identify studies where serological testing was 

compared to the “reference standard of viral culture or reverse transcriptase polymerase chain reaction”. 

The authors identified a total of 40 studies for inclusion in the study. The authors found the pooled 

sensitivity of enzyme linked immunosorbent assays (ELISAs) measuring IgG or IgM to be 84.3% (with a 

95% confidence interval [CI] of 75.6%-90.9%). For lateral flow immunoassays (LFIAs), the pooled 

sensitivity was found to be 66% (95% CI: 49.3%-79.3%), and for chemiluminescent immunoassays 

(CLIAs), the pooled sensitivity was found to be 97.8% (95% CI: 46.2%-100%). Pooled specificities ranged 

from 96.6%-99.7%. Sensitivity was also found to be higher at least three weeks from symptom onset 

(69.9% to 98.9%) compared to within the first week (13.4% to 50.3%) Of the samples used to calculate 

specificity, 83% were “from populations tested before the epidemic or not suspected of having COVID-

19”. The authors performed 49 bias risk assessments (one for methodology and one for patient 

selection) and identified 48 with a “high risk of patient selection bias” and 36 with “high or unclear risk 

of bias from performance or interpretation of the serological test”. The authors also noted that only four 

of the forty studies including outpatients and only two studies evaluated point-of-care testing. The 

authors concluded that “currently, available evidence does not support the continued use of existing 

point-of-care serological tests” but acknowledged that “higher quality clinical studies assessing the 

diagnostic accuracy of serological tests for covid-19 are urgently needed” (Lisboa Bastos et al., 2020). 

Kontou et al. (2020) performed a meta-analysis investigating the use of antibody tests in detecting 

SARS-CoV-2. The authors focused on IgG and IgM tests based on enzyme-linked immunosorbent assays 

(ELISA), chemiluminescence enzyme immunoassays (CLIA), fluorescence immunoassays (FIA), and lateral 

flow immunoassays (LFIA). A total of 38 studies encompassing 7848 individuals (3522 COVID-19 cases, 

4326 healthy controls) were included. Of the 38 studies, 21 included data for both COVID-19 cases and 

controls. Fourteen studies using ELISA were included, and the authors found that IgG and IgM perform 

“similarly” individually, but in combination, resulted in a sensitivity of 0.935. Thirteen studies using CLIA 

resulted in an IgG sensitivity of 0.944, an IgM sensitivity of 0.810, and a combined IgG/IgM sensitivity of 

0.910. The specificities ranged from 0.954 to 0.984. Thirteen studies used LFIA and found the IgG and 

IgM sensitivities to range from 0.53-0.66. Combining IgG and IgM resulted in sensitivities of 0.78-0.83. 

The authors also attempted to analyze FIA-based studies but were unable to due to the paucity of 

studies (three identified). The authors concluded that ELISA- and CLIA-based testing performed better 

sensitivity-wise and that LFIA studies are “more attractive for large seroprevalence studies but show 

lower sensitivity”. (Kontou et al., 2020) 

Ko et al. (2020) investigated the differences in neutralizing antibody production between asymptomatic 

and “mild” symptomatic COVID-19 patients, compared to pneumonic COVID-19 patients. A total of 70 

patients (15 asymptomatic, 49 mild symptomatic, and 6 pneumonic) were included. A 

microneutralization assay was performed, along with a FIA and ELISA. Neutralizing antibody production 

was observed in all the pneumonic patients, 93.9% of the mildly symptomatic patients, and 80% of the 

asymptomatic patients. Further, the entire pneumonic group showed “high” titer (defined as ≥1:80), 

while 36.7% of the mild group and 20% of the asymptomatic group showed high titer. Both the FIA (for 

IgG) and ELISA detected anti SARS-CoV-2 at a high sensitivity (98.8% and 97.6% respectively). The 

authors concluded that “Most asymptomatic and mild COVID-19 patients produced the neutralizing 

antibody, although the titers were lower than pneumonia patients” (Ko et al., 2020). 

Wu et al. (2020) investigated the association between levels of neutralizing antibodies (NAbs) and 

clinical characteristics in recovered COVID-19 patients. A total of 175 patients with “mild” symptoms of 

COVID-19 were included. The authors found that NAbs were detected in patients starting in days 4-6 

and reached peak levels in days 10-15. NAbs were also found not to cross-react with SARS-associated 

CoV,but correlated with “spike-binding antibodies targeting S1, receptor binding domain, and S2 
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regions. The authors also noted that NAbs titers were “significantly” higher in 56 “older” patients (1537 

[IQR, 877-2427]) and 63 “middle-aged” patients (1291 [IRQ, 504-2126]) compared to 56 “younger 

patients” (459 [IQR, 225-998]). The authors concluded that “…NAb titers to SARS-CoV-2 appeared to 

vary substantially. Further research is needed to understand the clinical implications of differing NAb 

titers for protection against future infection” (Wu et al., 2020). 

Kweon et al. (2020) collected 97 samples from patients with COVID-19 to analyze the serologic profiles 

and time kinetics of IgG and IgM against SARS-CoV-2 using the AFIAS COVID-19 Ab (BodiTechMed, 

2020) and the EDI™ Novel Coronavirus COVID-19 ELISA Kit (EpitopeDiagnostics, 2020). The AFIAS assay 

uses recombinant nucleocapsid protein as an antigen to determine IgG and IgM antibodies against 

SARS-CoV-2 within 20 minutes from whole blood, serum, or plasma. The EDI™ ELISA Kit uses the 

microplate-based enzyme immunoassay technique to detect antibodies by measuring the optical 

densities (ODs) of each well of immunocomplexes. To determine the kinetics of antibodies, studies were 

performed at different past symptom onset (PSO) periods and to determine diagnostic accuracy of 

serologic assays, diagnostic sensitivity and specificities were calculated by PSO of ≤14 days and >14 days. 

Kinetic studies showed that “with both assays, IgM and IgG rapidly increased after 7 days post symptom 

onset (PSO). IgM antibody levels reached a peak at 15–35 d PSO and gradually decreased. IgG levels 

gradually increased and remained at similar levels after 22–35 d” (Kweon et al., 2020). The diagnostic 

accuracy of both serologic assays also differed based on PSO. “The sensitivity of IgG samples from ≤14 d 

PSO was as low as 35.7%~57.1%, but it sharply increased for >14 d PSO to 88.2%~94.1%. This means that 

almost all patients with COVID-19 showed seroconversion after 14 d PSO, and IgG seronegative subjects 

in this period are considered less likely to be infected with SARS-CoV-2. In addition, both assays showed 

94.2~96.4% of IgG specificities and increased IgG titers in COVID-19 patients were maintained. Thus, IgG 

serologic assays can be useful for ruling out SARS-CoV-2 infection after 14 d PSO, detecting past 

infection, and epidemiologic surveys” (Kweon et al., 2020). For IgM, the sensitivities were “as low as 21.4% 

(same in both assays) in the samples collected ≤14 d PSO and 41.2%~52.9% in samples >14 d PSO. These 

findings indicated that in patients infected with SARS-CoV-2, IgM seroconversion may not develop or 

might not be detected until the middle or late stages of infection. In other words, SARS-CoV-2 infection 

may be missed based on IgM seropositivity; thus, IgM tests must not be solely used in COVID-19 

diagnosis and should be used only as a supportive tool in addition to molecular tests” (Kweon et al., 

2020). In addition, IgM titers in COVID-19 patients showed a significant reduction after 35 d PSO; 

therefore, their utility in detecting past infection is limited. The author concludes that “testing for 

antibodies against SARS-CoV-2, especially IgG, has the potential for ruling out SARS-CoV-2 infection after 

14 d PSO, detecting past infection, and epidemiologic surveys” (Kweon et al., 2020). 

Caturegli et al. (2020) performed a case-control study to determine the clinical utility and validity of using 

SARS-CoV-2 antibodies, which were serum IgG and IgA antibodies formed against the SARS-CoV-2 spike 

protein detected by enzyme-linked immunosorbent assay (ELISA). When assays were formed 14 days or 

later after symptom onset, the researchers found that the sensitivity was 0.976 (95% CI, 0.928 to 0.995) 

and specificity was 0.988 (95% CI, 0.974 to 0.995), but the sensitivity decreased at earlier time points. 

Antibodies “predicted the odds of developing acute respiratory distress syndrome, which increased by 

62% (CI, 48% to 81%; P < 0.001) for every 2-fold increase in IgG.” This demonstrates the linkage of 

antibodies used to measure clinical severity and for those who tested negative by NAAT but remained 

potentially COVID-positive.  

In a household cohort study, Churiwal assessed the utility of a rapid point of care test for COVID-19 

antibodies by comparing the performance of BioMedomics COVID-19 IgM/IgG Rapid Antibody Test 

against an ELISA. The test was performed on 303 patients at study enrollment and 4 weeks later. 

According to the results, sensitivity was lower early in infection and those who never developed 
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symptoms (74% sensitivity). Only two were detected among 499 tests early in infection due to false-

positive IgM bands. When measured 4 weeks later after the onset of symptoms, it demonstrated robust 

sensitivity (90%) and complete specificity (100%). The authors conclude that "When used appropriately, 

rapid antibody tests offer a convenient way to detect symptomatic infections during convalescence” 

(Churiwal et al., 2021).  

Antigen Testing 

Another possible diagnostic testing methodology is antigen detection testing, which relies upon the 

direct detection of parts of the virus called “antigens”—in this instance, proteins located on the outside 

of SARS-CoV-2, such as the spike protein (S) or nucleocapsid protein, that can cause an immune 

response in an individual. What makes this method of testing distinct from antibody testing is that 

antigen testing directly measures the presence of the virus in a person whereas antibody testing is 

measuring the patient’s response to an infection. These antigen detection tests can be deployed as rapid 

antigen tests that decrease the turnaround time for results but usually lack specificity (Loeffelholz & 

Tang, 2020). 

On May 8, 2020, the FDA issued the first EUA for antigen testing for COVID-19 to the Quidel 

Corporation for their Sofia®2 SARS Antigen FIA lateral flow immunofluorescent sandwich assay for the 

qualitative detection of the nucleocapsid (N) protein antigen of SARS-CoV-2 for use in individuals 

suspected of COVID-19 by their healthcare provider (Quidel_Corporation, 2020). This test has been 

approved as a point-of-care (POC) test (FDA, 2022c). This test functions by detecting the N protein of 

either the SARS-CoV or SARS-CoV-2 virus from an upper respiratory sample (either a nasal swab or 

nasopharyngeal swab). First, the sample is placed in a reagent tube so that any virus, if present, is 

broken apart to allow for the N proteins to be exposed. The sample then travels from the sample well, 

down a test strip—where the term “lateral flow” is derived—where the proprietary reagents will 

recognize any N proteins and trap them in place on the strip. The test requires at least 15 minutes to 

develop prior to analysis. The strip can then be read by the Sofia®2 system that measures the 

fluorescent signal from the proprietary reagents. The Sofia®2 system allows the user to have two 

different modes for analysis—“Walk Away” and “Read Now”. For the “Walk Away” mode, the user will 

insert the test cassette strip into the system, and the results will be displayed in 15 minutes because the 

test will be developed while in the instrument. In “Read Now” mode, the user must have already allowed 

at least 15 minutes for the test to develop prior to inserting it into the instrument. Then, the Sofia®2 

system will display the result within one minute (Quidel_Corporation, 2020). On August 20, 2020, Quidel 

reported that the Sofia test’s labeling had been amended to include “either nasal or nasopharyngeal 

swabs” thereby allowing Quidel a second corresponding kit configuration (BioSpace, 2020). 

On July 2, 2020, a second antigen test (BD Veritor System for Rapid Detection of SARS-CoV-2) from 

Becton, Dickinson, and Company was issued an EUA. This test is described as “a chromatographic digital 

immunoassay intended for the direct and qualitative detection of SARS-CoV-2 nucleocapsid antigens in 

nasal swabs from individuals who are suspected of COVID-19 by their healthcare provider within the first 

five days of the onset of symptoms”. The test is authorized for use in point-of-care (POC) settings. The 

test’s mechanism of action is as follows: if there are any antigens in the sample (in this case, the 

nucleocapsid of the virus), they will bind to antibodies conjugated to detector particles in the test strip. 

The new “conjugates” migrate to the “reaction area” and are captured by another line of antibodies. The 

test reads positive when the conjugate is found at both “Control” and “Test” positions on the device. BD 

Veritor reported the following values for the test (in comparison to RT-PCR): 84% positive predictive 

agreement, 100% negative predictive agreement, 98% overall percent agreement, 100% positive 

predictive value, and 97.5% negative predictive value. No cross-reactivity was reported (BD_Veritor, 
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2020). 

On August 18, 2020, a third antigen test (LumiraDx SARS-CoV-2 Ag Test from LumiraDx UK Ltd.) was 

issued an EUA. The test is described as “a single use fluorescence immunoassay device designed to 

detect the presence of the nucleocapsid protein antigen directly from SARS-CoV-2 in nasal swab 

specimens, without transport media”. The mechanism of action is as follows: when a droplet of the 

specimen is added to the “Test Strip”, pre-made reagents on the strip react with any antigen in the 

specimen. The amount of fluorescence created is proportional to the amount of antigen detected. 

LumiraDx reported a limit of detection of 32 TCID50/mL [tissue-culture infectious dose], as well as a 

97.6% positive percent agreement, 96.6% negative percent agreement, 93.1% positive predictive value, 

98.8% negative predictive value, and 96.9% overall percent agreement (based on 257 total samples) 

(LumiraDx, 2020). 

As of April 20, 2022, 50 antigen tests have Emergency Use Authorization (EUA) by the U.S. Food and 

Drug Administration (FDA) (FDA, 2022d). These testing methods include (among others): Bulk Acoustic 

Wave (BAW) Biosensors, Chemiluminescence Immunoassays, Chromatographic Digital Immunoassays, 

Digital Lateral Flow, Magnetic Force-assisted Electrochemical Sandwich Immunoassay (MESIA), 

Microfluidic Immunofluorescence Assay, and Paramagnetic Microbead-based Immunoassay (FDA, 

2022d).  

Clinical Utility and Validity of Antigen Testing 

To address the clinical performance, two primary studies were performed. Both studies only used frozen 

samples. The first study used 143 samples with 80% PPA or Positive Percent Agreement (47/59 of 

positive samples tested “positive”). They report 100% NPA or Negative Percent Agreement—all 84 

negative samples tested “negative”. The second study used a total of 48 samples. Again, 80% of the 

positive samples tested “positive”; however, only a total of five positive samples were included within 

this second study. The remaining 43 samples were all negative samples. This study reports a sensitivity 

of 80.0%, but a 95% confidence interval range of 37.6% - 96.4%. A third supportive study was also 

performed. In this study, thirty swabs were taken. Twenty of these swabs were spiked with one lower 

concentration of the virus while the remaining ten swabs were spiked with a higher concentration of the 

virus. Then, all 30 swabs were tested and compared to 47 control (“unspiked”) samples. In this study, 

none of the “unspiked” control samples tested “positive” while all 30 of the “spiked” samples, regardless 

of the concentration, tested positive. Quidel also tested the limit of detection (LoD) of the Sofia®2 SARS 

Antigen FIA test. LoD is typically measured by determining the TCID50 (median tissue culture infective 

dose). The TCID50 is the amount where 50% of the cells within a sample are infected.(Wulff et al., 2012) 

For the Sofia®2 SARS Antigen FIA test, the LoD for a direct swab sample has a TCID50 of 113 mL whereas 

it is 850 mL if the initial sample is from a swab sample that has been diluted into 3 mL of reagent. Finally, 

Quidel also checked this antigen test for possible cross-reactivity with a number of microorganisms and 

other viruses. It shows no cross-reactivity with any of the microorganisms or viruses tests other than 

SARS-CoV. Of note, it does not cross-react with human coronavirus 229e, OC43, NL63, or MERS-CoV 

(heat-inactivated); however, they did not check for possible cross-reactivity with the other known human 

coronavirus (HKU1) due to a lack of availability at this time. This is noteworthy since this coronavirus is 

associated with the common cold. Limitations of the Sofia®2 SARS Antigen FIA test includes the 

following: 

• This test must be performed using the Sofia®2 system, and the test must be performed 

accurately following the test procedure. Failure to do so can adversely affect the performance of 

the test and may invalidate the results. 
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• A positive test cannot distinguish between a SARS-CoV or a SARS-CoV-2 infection. SARS-CoV is 

the virus that caused the SARS outbreak of 2003. It should be noted that there is no current 

outbreak of SARS.  

• This test also does not distinguish between “live” (viable) virus and non-viable virus. 

Consequently, the test results do not necessarily correlate with viral culture results performed on 

the same sample. 

• This test is only for the qualitative use on a sample from either a nasal swab or a nasopharyngeal 

swab. It has not been approved for use, at this time, on any other sample, such as saliva. 

• Negative test results can occur if the viral level is below the lower limit of the test. All negative 

results “should be treated as presumptive and confirmed with an FDA authorized molecular assay, 

if necessary, for clinical management, including infection control”(Quidel_Corporation, 2020)  

• Positive test results do not rule out co-infections, and negative results do not “rule in” other non-

SARS viral or bacterial infections. 

• The clinical performance assays submitted for FDA approval were performed using frozen 

samples; the test may have a different performance when used with a fresh sample (such as in a 

point-of-care setting). 

• “If the differentiation of specific SARS viruses and strains is needed, additional testing, in 

consultation with state or local public health departments is required (Quidel_Corporation, 2020).” 

• As previously noted, the company did not check this test (as of publication date) for cross-

reactivity with human coronavirus HKU1 due to a lack of availability of that strain. This is notable 

since this particular virus is associated with upper respiratory conditions such as the common 

cold. 

One multi-center study, currently a preprint at the time of publication, reports the development of 

another rapid antigen detection test (RADT) that screens for SARS-CoV-2 by targeting the nucleocapsid 

protein. This test, when using a nasopharyngeal swab sample, reports a 100% positive agreement with 

RT-PCR testing. They also report 73.6% positive agreement when using a urine sample (Diao et al., 

2020). This study is yet to be published in a peer-reviewed journal, and the test is not FDA-approved as 

of May 18, 2020. Another study published recently in ACS Nano reports on the development of a RADT 

using field-effect transistor (FET)-based biosensing where a graphene sheet for the FET is coated with a 

specific antibody against the SARS-CoV-2 spike protein. This method can detect the protein in 

concentrations as low as 1 fg/mL in buffer and has an LOD of 242 copies/mL for a clinical sample (versus 

16/mL for a culture medium) (Seo et al., 2020). To date, the WHO states that “Ag-RDTs could play a 

significant role in guiding patient management, public health decision making and in surveillance of 

COVID-19. Currently, there is insufficient evidence on performance and operational use to recommend 

specific commercial products” (WHO, 2021a).  

Scohy et al. (2020) evaluated the Coris COVID-19 Ag [Antigen] Respi-Strip test in comparison to RT-PCR. 

The authors tested 148 nasopharyngeal swabs, with 106 testing positive by RT-PCR. The rapid antigen 

test detected 32 of these 106 positive results, for a sensitivity of 30.2%. All samples deemed positive by 

the antigen test were also deemed positive by RT-PCR. The authors noted that higher viral loads were 

associated with better detection by antigen tests but concluded that “the overall poor sensitivity of the 

COVID-19 Ag Respi-Strip does not allow using it alone as the frontline testing for COVID-19 diagnosis” 

(Scohy et al., 2020). 

Mak et al. (2020) evaluated the BIOCREDIT COVID-19 Ag test in comparison to RT-PCR. The BIOCREDIT 

test’s limit of detection (LOD) was compared to RT-PCR and viral culture, and a total of 368 samples 

from confirmed COVID-19 cases were included. A sample volume of 100 μL was used. The authors found 

the LOD of BIOCREDIT to be 1000-fold less sensitive than viral culture (BIOCREDIT LOD: 10-2, viral 
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culture: 10-5). RT-PCR’s LOD was measured to be 10-7. Further, BIOCREDIT detected between 11.1% and 

45.7% of RT-PCR positive patients from COVID-19 patients. The authors concluded that “This study 

demonstrated that the RAD test serves only as adjunct to RT-PCR test because of potential for false-

negative results” (Mak et al., 2020). 

Lambert-Niclot et al. (2020) analyzed the COVID-19 Ag Respi-Strip test and compared its accuracy to 

RT-PCR. A total of 138 nasopharyngeal samples were included, with 94 testing positive by RT-PCR. The 

Respi-Strip test identified 47 of 94 positive specimens for a sensitivity of 50%, although the specificity 

was 100% for both tests. The authors also noted that the control lines were “barely” visible for 17 tests (9 

positive and 8 negative). The authors acknowledged that due to the low prevalence in France (the 

country in which this study was performed), prospective studies should be undertaken(Lambert-Niclot et 

al., 2020). 

Hirotsu et al. (2020) evaluated a new antigen test (LUMIPULSE) which is based on chemiluminescence 

enzyme immunoassay. A total of 313 nasopharyngeal swabs were included (82 serial samples from 7 

COVID patients, 231 individual samples from 4 COVID patients and 215 healthy controls). These samples 

were tested by both LUMIPULSE and RT-PCR. Compared to RT-PCR, LUMIPULSE demonstrated a 91.4% 

overall agreement rate (286/313), with a 55.2% sensitivity and 99.6% specificity. At >100 viral copies, 

LUMIPULSE agreed perfectly with RT-PCR, and at 10-100 viral copies, there was an 85% concordance 

rate (with concordance declining at lower viral loads). The authors concluded that “the LUMIPULSE 

antigen test can rapidly identify SARS-CoV-2-infected individuals with moderate to high viral loads and 

may be helpful for monitoring viral clearance in hospitalized patients” (Hirotsu et al., 2020). 

Villaverde et al. (2021) conducted a multicenter study to compare the diagnostic accuracy of the Panbio 

coronavirus disease 2019 Antigen Rapid Test of nasopharyngeal samples in pediatric patients with 

COVID-19 symptoms ≤5 days. They demonstrated “limited accuracy in nasopharyngeal antigen testing: 

overall sensitivity was 45.4%, and 99.8% of specificity, positive-predictive value was 92.5%,” with 

moderate concordance between the RT-PCR and antigen test. They noted that a high proportion of 

false-negative results from the antigen tests (54.5%) may have public health implications in unknown 

spreading of the virus. But because this test has a good positive likelihood ratio, and is cheap, rapid, and 

widely distributed, it may be used as a first screening test in a pandemic situation, though its value as a 

diagnostic tool is questionable due to the low sensitivity and negative likelihood ratio.  

Peacock studied the clinical utility of the BinaxNOW antigen test by Abbott Diagnostics, a lateral flow 

immunochromatographic point-of-care test which provides results in 15 minutes from a nasal swab. 

BinaxNOW was performed on 735 samples and results were compared to PCR. 623 of 735 (84.8%) had 

symptoms and 460 of 623 patients (62.6%) had symptoms for less than 7 days. Positive tests occurred in 

173 (23.5%) for the PCR and 141 (19.2%) with the BinaxNOW test. Those with symptoms for more than 2 

weeks had a positive test rate half of those with earlier onset. " In patients with symptoms ≤7 days, the 

sensitivity, specificity, and negative and positive predictive values for the BinaxNOW test were 84.6%, 

98.5%, 94.9%, and 95.2%, respectively" (Peacock et al., 2022). The authors conclude that BinaxNOW has 

good sensitivity and specificity and is recommended for patients with symptoms up to 2 weeks (Peacock 

et al., 2022). 

Panel Testing 

Multiple laboratories have developed panels to screen for possible microorganism infections from a 

single sample. For example, multiplex polymerase chain reaction (PCR) can simultaneously detect 

multiple pathogens rather than sequentially testing for each individual pathogen. Such testing can be 
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advantageous when different pathogens may manifest with similar clinical presentation; however, this 

testing can be costly and can also result in false-negatives if preferential amplification of one target over 

another occurs (Palavecino, 2015). As of May 4, 2022, the BioFire® Respiratory Panel 2.1 (RP2.1), the 

QIAstat-Dx® Respiratory SARS-CoV-2 Panel, ePlex Respiratory Pathogen Panel 2, cobas SARS-CoV-2 & 

Influenza A/B, Xpert Xpress SARS-CoV-2/Flu/RSV, Quest Diagnostics RC COVID-19 +Flu RT-PCR, Sofia 2 

Flu + SARS Antigen FIA, and the Influenza SARS-CoV-2 (Flu SC2) Multiplex Assay from the CDC received 

an EUA from the FDA for testing for COVID-19 (FDA, 2022c). The BioFire® Respiratory Panel 2.1, the 

QIAstat-Dx® Respiratory SARS-CoV-2 Panel, and ePlex Respiratory Pathogen Panel 2 use multiplex 

nucleic acid testing from a nasopharyngeal swab to detect and differentiate microorganisms listed in 

Table 1 (BioFire, 2020; GenMark_Diagnostics, 2020; Qiagen_GmbH, 2020), whereas the CDC Multiplex 

detects and differentiates influenzas A and B from SARS-CoV-2 (CDC, 2020c). 

 

Table 1: Respiratory Pathogen Panel Testing Containing SARS-CoV-2 

BioFire® Respiratory Panel 

2.1 

QIAstat-Dx® Respiratory 

SARS-CoV-2 Panel 

ePlex Respiratory Pathogen Panel 2 

• Adenovirus 

• HCoV 229E 

• HCoV HKU1 

• HCoVNL63 

• HCoV OC43 

• SARS-CoV-2 

• Human Metapneumovirus 

• Human 

Rhinovirus/Enterovirus 

• Influenza A 

o Subtype H1 

o Subtype H3 

o Subtype H1-2009 

• Influenza B 

• Parainfluenza Virus 1 

• Parainfluenza Virus 2 

• Parainfluenza Virus 3 

• Parainfluenza Virus 4 

• Respiratory Syncytial 

Virus 

• Bordetella parapertussis 

• Bordetella pertussis 

• Chlamydia pneumoniae 

• Mycoplasma pneumoniae 

• Adenovirus 

• HCoV 229E 

• HCoV HKU1 

• HCoVNL63 

• HCoV OC43 

• SARS-CoV-2 

• Human Metapneumovirus 

A+B 

• Influenza A 

o Subtype H1 

o Subtype H3 

o Subtype H1N1/pdm09 

• Influenza B 

• Parainfluenza Virus 1 

• Parainfluenza Virus 2 

• Parainfluenza Virus 3 

• Parainfluenza Virus 4 

• Rhinovirus/Enterovirus 

• Respiratory Syncytial Virus 

A+B 

• Bordetella pertussis 

• Chlamydia pneumoniae 

• Mycoplasma pneumoniae 

• Adenovirus 

• HCoV 229E 

• HCoV HKU1 

• HCoVNL63 

• HCoV OC43 

• SARS-CoV-2 

• Human Metapneumovirus A+B 

• Influenza A 

o Subtype H1 

o Subtype H3 

o Subtype  

H1-2009 

• Influenza B 

• Parainfluenza Virus 1 

• Parainfluenza Virus 2 

• Parainfluenza Virus 3 

• Parainfluenza Virus 4 

• Rhinovirus/Enterovirus 

• Respiratory Syncytial Virus A+B 

• Chlamydia pneumoniae 

• Mycoplasma pneumoniae 

Clinical Utility and Validity of Panel Testing 

The BioFire RP2.1 panel must be used with either the BioFire FilmArray 2.0 or BioFire FilmArray Torch 

Systems, and it does not provide a quantitative value for any particular organism within the sample. This 

panel “has not been established for specimens collected from individuals without signs or symptoms of 

respiratory infection (BioFire, 2020).” This panel has not been validated for the monitoring of treatment 

for any condition. If a test result shows four or more organisms detected, then the sample should be 
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retested. A negative result does not necessarily exclude an infection. “Negative test results may occur 

from the presence of sequence variants (or mutation) in the region targeted by the assay, the presence 

of inhibitors, technical error, sample mix-up, an infection caused by an organism not detected by the 

panel, or lower respiratory tract infection that is not detected by a nasopharyngeal swab specimen 

(BioFire, 2020).”  

The BioFire RP2.1 panel cannot necessarily distinguish between existing viral strains and new variants. 

One example is the inability to distinguish between Influenza A H3N2v and seasonal Influenza A H3N2. 

This panel also cannot reliably differentiate between human rhinovirus and enterovirus due to genetic 

similarity. If detected, the “result should be followed-up using an alternate method (e.g. cell culture or 

sequence analysis) if differentiation between the viruses is required (BioFire, 2020).” The performance 

characteristics of several microorganisms detected by this panel, including HCoV 229E, were determined 

using retrospective clinical specimens due to the small number of positive specimens collected. The 

BioFire RP2.1 panel should not be used if B. pertussis is suspected because of its low sensitivity. “[A] B. 

pertussis molecular test that is FDA-cleared for use on patients suspected of having a respiratory tract 

infection attributable to B. pertussis only should be used instead (BioFire, 2020).” This is because the 

RP2.1 panel targets a single-copy promoter target (ptxP) whereas more sensitive tests target the multi-

copy IS481 insertion sequence. The BioFire RP2.1 panel also shows cross-reactivity with B. bronchiseptica 

and B. parapertussis at higher concentrations. 

The primers used in the BioFire RP2.1 panel to detect COVID-19 may cross-react with coronaviruses 

from other species due to high sequence homology. BioFire reports predicted cross-reactivity with up to 

three bat coronaviruses (accession: MN996532, MG772933, and MG772934) and one pangolin 

coronavirus (accession: MT084071). However, “[i]t is unlikely that these viruses would be found in a 

human clinical nasopharyngeal swab; but if present, the cross-reactive product(s) produced by the 

BioFire RP2.1 will be detected as Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) 

(BioFire, 2020).” 

The difference between the BioFire RP2 panel and the BioFire RP2.1 panel is the ability to detect SARS-

CoV-2. Consequently, within the Instructions for Use (IFU) for the RP2.1 panel, BioFire reports on the 

data of the RP2 panel. The clinical performance of the RP2 panel was determined using both fresh and 

frozen samples. The clinical performance values for the four endemic HCoVs are listed in Table 2 

(BioFire, 2020). They note a cross-reactivity between HCoV-OC43 and HCoV-HKU1. 

Table 2: Clinical Performance of BioFire RP2/RP2.1 Panel for Endemic HCoVs 

Analyte PPA PPA 95% 

CI 

NPA NPA 95%CI 

HCoV-229E 11/12 (91.7%) 64.6 – 98.5 1595/1600 (99.7%) 99.3 – 99.9 

HCoV-

HKU1 

43/43 (100%) 91.8 – 100 1557/1569 (99.2%) 98.7 – 99.6 

HCoV-NL63 40/40 (100%) 91.2 – 100 1562/1572 (99.4%) 98.8 – 99.7 

HCoV-

OC43 

33/41 (80.5%) 66.0 – 89.8 1566/1571 (99.7%) 99.3 – 99.9 

Notes: Abbreviations used—PPA (Positive Percent Agreement); NPA (Negative Percent 

Agreement).  

Concerning the detection of SARS-CoV-2, the BioFire RP2.1 panel reports a limit of detection (LoD), 

using the USA-WA1/2020 isolate, of 500 copies/mL when using a heat-inactivated virus. They report a 
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100% detection rate (20/20). This equates to 6.9 X 10-2 TCID50/mL.  They also tested the LoD using an 

infectious virus isolate obtained from the World Reference Center for Emerging Viruses and Arboviruses, 

contributed by the CDC. With this infectious sample, the LoD was determined to be 160 copies/mL (or 

1.1 X 10-2 TCID50/mL). Again, they report a 100% detection rate (20/20) (BioFire, 2020). 

Similar to the BioFire panel test, the QIAstat-Dx Respiratory SARS-CoV-2 panel test by Qiagen is for use 

on a proprietary system, the QIAstat Dx Analyzer System. It is also a qualitative test approved for testing 

in “patients suspected of COVID-19 by their healthcare provider”. It is also “not intended to be used as 

the sole basis for diagnosis, treatment, or other patient management decisions” (Qiagen_GmbH, 2020). It 

is important to note that the test performance in either immunocompromised individuals or 

asymptomatic individuals has not been established as of publication date. A positive test result cannot 

rule out a co-infection; an erroneous negative test result can be due to erroneous sample handling as 

well as variations in the target sequences, organism levels below the limits of detection, and/or use of an 

interfering reagent (such as certain medications or therapies). Since the QIAstat-Dx test targets the E 

gene of SARS-CoV-2, which is homologous to sequences in multiple bat SARS viruses, it is possible to 

cross-react with these bat SARS viruses; however, the likelihood of infection of these viruses in humans 

is unlikely since none have been reported to date (Qiagen_GmbH, 2020).  

Also, like the BioFire RP2/RP2.1 panel tests, the QIAstat-Dx test may not distinguish between existing 

viral strains and emerging viral strains, such as influenza A. However, unlike the BioFire RP2/RP2.1 panel 

tests, the QIAstat-Dx test does detect the IS481 multi-copy insertion sequence present in multiple 

Bordetella species. This does increase the sensitivity of the test, but it can increase the possibility of 

false-positive results if the specimen is contaminated with a non-pertussis Bordetella species 

(Qiagen_GmbH, 2020). 

In addressing the clinical performance of the QIAstat-Dx test for detecting SARS-CoV-2, Qiagen set up 

two positive trials (one at a higher concentration sample [n = 10] and one at a low positive contrived 

sample [n = 20), and they report a positive percent agreement (PPA) of 100% (30/30) (95% CI: 85.8 – 

100%). Likewise, they did a negative control (n = 30) and report a negative percent agreement (NPA) of 

100% (30/30) (95% CI: 85.8 – 100%). In reporting the limit of detection (LoD), they used 20 replicates 

with a detection rate of at least 95% (or 19/20) to generate a ‘positive’ signal. Using source material 

obtained from the clinical sample strain of the Hospital of Barcelona (Spain), Qiagen reports an LoD of 

500 copies/mL. 

The performance of the other targets within the panel were assessed in a multi-center study conducted 

at six geographically diverse study sites—Copenhagen, Denmark; Minneapolis, MN; Indianapolis, IN; 

Liverpool, NY; Columbus, OH; and Albuquerque, NM. The performance was determined using both 

frozen and fresh samples. The clinical performance values for the four endemic HCoVs are listed in Table 

3 (Qiagen_GmbH, 2020).  

Table 3: Clinical Performance of QIAstat-Dx Panel for Endemic HCoVs 

Analyte PPA PPA 95% CI NPA NPA 95%CI 

HCoV-229E 8/9 (88.9%) 56.5 – 98.0 1975/1975 (100%) 99.8 – 100.0 

HCoV-HKU1 51/52 (98.1%) 89.9 – 99.7 1925/1932 (99.6%) 99.3 – 99.8 

HCoV-NL63 40/47 (85.1%) 72.3 – 92.6 1936/1938 (99.9%) 99.6 – 100.0 

HCoV-OC43 26/29 (89.7%) 73.6 – 96.4 1951/1955 (99.8%) 99.5 – 99.9 

Notes: Abbreviations used—PPA (Positive Percent Agreement); NPA (Negative Percent 

Agreement).  



  

   Page 23 of 58 

 

As with the other two tests, the ePlex RP2 Panel “should not be used as the sole basis for diagnosis, 

treatment, or other patient management decisions. Positive results are indicative of active infection with 

the identified respiratory pathogen but do not rule out infection or co-infection with non-panel 

organisms. The agent detected by the ePlex RP2 Panel may not be the definite cause of disease. Negative 

results for SARS-CoV-2 and other organisms on the ePlex RP2 Panel may be due to infection with 

pathogens that are not detected by this test, or lower respiratory tract infection that may not be detected 

by a nasopharyngeal swab specimen. Negative results do not preclude infection with SARSCoV-2 or other 

organisms on the ePlex RP2 Panel and should not be used as the sole basis for patient management 

decisions. Negative results must be combined with clinical observations, patient history, and 

epidemiological information (GenMark_Diagnostics, 2020).” A limitation of ePlex RP2 Panel is its 

unpredictability in differentiating human rhinovirus and enterovirus due to genetic similarity. If 

differentiation is required, an ePlex RP2 Panel positive human rhinovirus/enterovirus result should be 

followed-up using an alternative method, such as cell culture or sequence analysis. Cross-reactivity with 

SARS-CoV-1 is also observed at high titers.  

To test the performance characteristics of ePlex RP2 Panel for SARS-CoV-2 detection, 170 

nasopharyngeal previously frozen swab samples were collected (59 known SARS-CoV-2 positive and 111 

presumed SARSCoV-2 negative samples). “Positive percent agreement (PPA) was calculated by dividing 

the number of true positive (TP) results by the sum of TP and false negative (FN) results, while negative 

percent agreement (NPA) was calculated by dividing the number of true negative (TN) results by the sum 

of TN and false positive (FP) results” (GenMark_Diagnostics, 2020). The ePlex RP2 Panel detected SARS-

CoV-2 in 59/59 positive specimens (100% positive percent agreement) and confirmed 111/111 negative 

specimens (100% negative percent agreement). To determine the limit of detection (LoD), the lowest 

concentration at which SARS-CoV-2 is detected at least 95% of the time, serial dilutions were prepared in 

a natural clinical matrix and at least 20 replicates per concentration were tested in the study. “The LoD 

concentration for detection of SARS-CoV-2 was determined to be 0.01 TCID50/mL, which corresponds to 

250 genomic copies per milliliter, as determined by digital droplet PCR (GenMark_Diagnostics, 2020).” 

Regarding the “Influenza SARS-CoV-2 (Flu SC2) Multiplex Assay” from the CDC, the FDA reported a limit 

of detection (LOD) of 1.01 x 10-2 (at ID50 [infective dose] / reaction). The panel was evaluated using 104 

samples (33 positive for SARS-CoV-2, 30 positives for influenza A, and 30 positive for influenza B, 11 

negative samples), and compared to an RT-PCR assay. There was a 100% concordance rate between the 

two tests. Additionally, cross-reactivity between the three analytes and 35 common respiratory 

pathogens (16 viruses, 18 bacterial species, 1 yeast) was evaluated, and no cross-reactivity was identified 

(FDA, 2020b). 

The cobas SARS-CoV-2 & Influenza A/B panel is approved for emergency use authorization by the FDA; 

the panel uses qualitative detection of nucleic acids from SARS-CoV-2 in pooled samples. Six cultured 

viruses are tested for, two each of influenza A and influenza B strains as well as SARS-CoV-2. In an 

independent study, Poljak et al. (2020) performed a clinical evaluation of the cobas SARS-Cov-2 test 

(non-inclusive of influenza A/B panel). The cobas SARS-CoV-2 test was evaluated against an in-house 

and well-characterized comparator using 217 samples. cobas and the comparator showed overall 

agreement of 98.1%. Another comparative evaluation on 502 samples showed agreement of 99.6%. The 

authors concluded that cobas “is a reliable assay for qualitative detection of SARS-CoV-2 in 

nasopharyngeal swab samples collected in the Universal Transport Medium System (UTM-RT)(Poljak et 

al., 2020).” 
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There are other panels that are not yet FDA approved such as the AMPLIQUICK® Respiratory Triplex 

assay that detects and differentiates between SARS-CoV-2, influenza A/B and respiratory syncytial 

viruses in respiratory specimens. Results from AMPLIQUICK® were compared to the Allplex™ 

Respiratory Panel 1 and 2019-nCoV assays. 359 predetermined respiratory samples with diagnosed 

SARS-CoV-2, influenza A, influenza B and RSV were included in the study. The AMPLIQUICK® 

Respiratory Triplex “showed high concordance with the reference assays, with an overall agreement for 

SARS-CoV-2, influenza A, influenza B, and RSV at 97.6%, 98.8%, 98.3% and 100.0%, respectively.” The 

authors conclude that the "AMPLIQUICK® Respiratory Triplex is a reliable assay for the qualitative 

detection and differentiation of SARS-CoV-2, influenza A, influenza B, and RSV in respiratory specimens, 

which may prove useful for streamlining diagnostics during the winter influenza-seasons" (Mboumba 

Bouassa et al., 2022).  

Miscellaneous Testing 

Other methodologies have been proposed to complement or even replace the standard tests described 

above. For example, a new “RT-LAMP” (reverse transcription loop-mediated isothermal amplification) 

application has started to see some use for the COVID-19 pandemic. This technique attempts to 

combine the speed of antigen testing and the accuracy of nucleic acid testing; RT-LAMP includes the 

traditional reverse transcriptase (RT), as well as a DNA polymerase with “strong strand displacement 

activity and tolerance for elevated temperatures and up to six DNA oligonucleotides of a certain 

architecture”. These oligonucleotides act as primers for the RT, but additional oligonucleotides for the 

DNA polymerase are designed so that the DNA products loop back into their ends. This results in “self-

priming templates” for the DNA polymerase, which allows the reaction [the nucleic acid amplification] to 

proceed as normal. Detection of the amplified DNA without specialized instrumentation is the key 

challenge; some tests use a pH indicator that changes the color of the solution the reaction is run in. 

Since the reaction does not require the use of a thermal cycler with real-time fluorescence 

measurement, the results can be delivered in a faster time frame than traditional RT-PCRs (Dao Thi et al., 

2020). 

Nagura-Ikeda et al. (2020) evaluated the “clinical performance of six molecular diagnostic tests and a 

rapid antigen test for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)”. Self-collected 

saliva was the medium used for analysis. A total of 103 patients with COVID-19 were included (15 

asymptomatic, 88 symptomatic). The six molecular diagnostic tests included three RT-PCR tests, an RT-

qPCR test, a “cobas SARS-CoV-2 high-throughput system” and an RT-LAMP assay. The molecular 

diagnostic tests detected viral RNA in 50.5%-81.6% of specimens and an antigen was detected in 11.7% 

of the specimens by the rapid antigen test. Viral RNA was also detected at a higher rate (65.6%-93.4%) 

in specimens collected within 9 days of symptom onset compared to specimens collected after 10 days 

(22.2%-66.7%). Viral RNA was detected in asymptomatic patients at a rate of 40%-66.7%. The authors 

concluded “Self-collected saliva is an alternative specimen option for diagnosing COVID-19. LDT RT-

qPCR…and RT-LAMP showed sufficient sensitivity in clinical use to be selectively used according to 

clinical settings and facilities. The rapid antigen test alone is not recommended for initial COVID-19 

diagnosis because of its low sensitivity” (Nagura-Ikeda et al., 2020). 

Dao Thi et al. (2020) performed a validation of a “two-color RT-LAMP assay protocol for detecting SARS-

CoV-2 viral RNA using a primer set specific for the N gene”. The authors wrote that a positive sample 

would be detected by a color change from red to yellow and tested their RT-LAMP assay on “surplus 

RNA samples isolated from 768 pharyngeal swab specimens collected from individuals being tested for 

COVID-19”. The results were compared to a traditional RT-qPCR assay. The specificity of the RT-LAMP 

assay was found to be 99.7%. Further, the RT-qPCR positive samples with a cycle threshold (CT) number 
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of under 30 scored positive (agreeance) in the RT-LAMP assay at a 97.5% agreeance rate. Agreeance rate 

declined both at the 30-35 threshold and at the 35-40 threshold. The authors also developed a “swab-

to-RT” LAMP protocol, which was measured at 86% sensitivity (for CT <30) and a 99.5% specificity. The 

authors concluded that “The RT-LAMP assay and LAMP-sequencing extend the range of available test 

methods and complement individual tests and pooled tests based on RT-qPCR with a faster, simpler, 

and potentially more cost-effective test method” (Dao Thi et al., 2020).  

R. Wang et al. (2020) demonstrated a one-pot visual SARS-CoV-2 detection system named “opvCRISPR” 

by integrating reverse transcription loop-mediated isothermal amplification (RT-LAMP) and Cas12a 

cleavage in a single reaction system, which simplifies operations and avoids contamination. The 

opvCRISPR enables detection at every single molecular level in forty-five minutes. “The RT-LAMP 

reagents are incubated at the bottom of the tube, and CRISPR/Cas12a reaction reagents are added on 

the lid. SARS-CoV-2 RNA templates extracted from the respiratory swab are amplified by RT- LAMP, 

followed by mixing with the Cas12a reagents for cleavage. Once the Cas12a nuclease is activated by 

recognizing DNA target, it splits the quenched fluorescent single-stranded DNA (ssDNA) reporter (FAM- 

TTATT-BHQ1) indiscriminately, generating the fluorescence signal visible to the naked eye under blue 

light” (R. Wang et al., 2020). To investigate the diagnostic accuracy of opvCRISPR, 26 SARS-CoV-2 RT-PCR 

positive respiratory swab samples and 24 SARS-CoV-2 RT-PCR negative samples were tested. “All infected 

samples were determined to be SARS-CoV-2 positive while all uninfected samples tested to be negative 

by both opvCRISPR and RT- PCR. The opvCRISPR diagnostic results provide 100% agreement with the 

Centers for Disease Control and Prevention (CDC)-approved quantitative RT-PCR assay” (R. Wang et al., 

2020). The author states that “the proposed method only requires minimal equipment, demonstrating 

great potential in enabling next-generation molecular diagnosis towards point-of- care diagnosis. 

However, the present method requires additional step to extract RNA. Further efforts need to be made to 

combine the RNA extraction module with the opvCRISPR to achieve from sampling to result nucleic acid 

detection” (R. Wang et al., 2020).  

Another methodology with potential application for COVID-19 testing is next-generation sequencing 

(NGS). The NGS procedure typically includes the following steps: first the patient’s DNA is prepared to 

serve as a template, then DNA fragments are isolated (on solid surfaces such as small beads) where 

sequence data is generated, then these results are compared against a reference genome. Any DNA 

sample may be used if the quality and quantity of that sample are sufficient, but the methods of library 

generation and data analysis often vary from panel to panel. NGS is often used to produce swift and 

high-volume sequencing (Hulick, 2022). The FDA issued an EUA to Illumina, Inc. for the Illumina 

COVIDSeq Test on June 10, 2020 but has since updated its indications on October 29, 2020 to be for the 

“qualitative detection of SARS-CoV-2 RNA from nasopharyngeal (NP) swabs, oropharyngeal (OP) swabs, 

anterior nasal swabs, mid-turbinate nasal swabs, nasopharyngeal wash/aspirates, nasal aspirates, and 

bronchoalveolar lavage (BAL) specimens from individuals suspected of COVID-19 by their healthcare 

provider” (FDA, 2021b). The FDA also issued an EUA to Helix OpCo LLC (dba Helix) for the Helix COVID-

19 NGS Test on August 6, 2020. The test detects the gene for the SARS-CoV-2 spike protein, as well as 

one internal control (the human gene RPP30). The limit of detection was found to be 125 genetic copy 

equivalents / mL, and both the positive and negative percent agreements were measured to be 100% 

over 30 samples (Helix, 2020). 

Furthermore, whole genome sequencing (WGS) has been demonstrated to have application for COVID-

19 testing as well. WGS is conducted through four steps of DNA shearing, by using “molecular scissors” 

to cut DNA; then DNA bar-coding, for which “scientists add small pieces of DNA tags/bar codes to 

identify which piece of sheared DNA belongs to which [pathogen];” then the bar-coded DNA is put into 

the whole genome sequencer that identifies the bases; and finally, the data is analyzed to compare 
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sequences and identify possible differences (CDC, 2016). In several countries, like the Netherlands, 

China, Vietnam, and the United States, particularly rapid WGS has been beneficial in informing outbreak 

response, general public health decision making, and infection risk in various facilities (Chau et al., 2021; 

Oude Munnink et al., 2020; Taylor et al., 2020; F. Wang et al., 2020). In the Netherlands, WGS with the 

first cases in February 2020 was able to confirm separate introductions of the virus into the country, and 

attribute increases in case prevalence to co-circulating virus variants following the spring holidays. WGS 

informed the sequence diversity that existed in Italy, which was where most COVID-positive individuals 

were returning from. The researchers concluded that “WGS in combination with epidemiological data 

strengthened the evidence base for public health decision-making in the Netherlands as it enabled a 

more precise understanding of the transmission patterns in various initial phases of the outbreaks. As 

such, we were able to understand the genetic diversity of the multiple introduction events in phase 1, 

the extent of local and regional clusters in phase 2 and the transmission patterns within the HCW 

[healthcare worker] groups in phase 3 (among which the absence or occurrence of very limited 

nosocomial transmission)” (Oude Munnink et al., 2020). In Vietnam, a similar application was made 

regarding a previously known strain responsible for a virus outbreak in the northern region. By whole 

genome sequencing, researchers were able to identify the first case of the B.1.1.7 variant from locally 

acquired infection. As the outbreak expanded, whole genome sequencing enabled enhanced 

surveillance in high risk groups, like those working in airports, who ended up being assigned another 

variant of A.23.1, as well as contact tracing and testing to detect more cases (Chau et al., 2021). In China, 

whole genome sequencing in this initial genomic study was able to provide insight towards the 

genotype-phenotype differences between COVID-19 positive patients. The researchers concluded, 

“Pedigree analysis suggested a potential monogenic effect of loss of function variants in GOLGA3 and 

DPP7 for critically ill and asymptomatic disease demonstration. Genome-wide association study 

suggests the most significant gene locus associated with severity were located in TMEM189–UBE2V1 

that involved in the IL-1 signaling pathway…We identified that the HLA-A*11:01, B*51:01, and C*14:02 

alleles significantly predispose the worst outcome of the patients” (F. Wang et al., 2020).  

In the United States, a Morbidity and Mortality Weekly Report (MMWR) released in September 2020 

utilized serial testing and virus whole genome sequencing at two skilled nursing facilities with COVID-19 

outbreaks from April to June 2020 in Minnesota. From a total of 25 specimens from residents at the two 

different facilities, “strains from 17 residents and five HCP [health care personnel] were genetically 

similar, including one collected from a dietary worker with limited resident contact. Specimens from two 

HCP and one resident at facility A had distinctly different virus sequences from the first cluster and from 

each other. At facility B, 75 (66%) resident specimens and five (7%) HCP specimens were sequenced, all 

of which were genetically similar,” which suggested “intrafacility transmission.” However, the limited 

participation by HCPs in serial testing could have “have biased identification of infections and limited 

interpretation of genomic sequencing” and limited “the description of genetic diversity” (Taylor et al., 

2020). Generally, whole-genome sequencing still seems to have some limitations, in that “it still presents 

practical difficulties such as high cost, shortage of available reagents in the global market, need of a 

specialized laboratorial infrastructure and well-trained staff” resulting in “SARS-CoV-2 surveillance 

blackouts across several countries” (Bezerra et al., 2021). As of May 4, 2022, there are no FDA approved 

tests specifically for WGS.  

Other types of specimens or media have been proposed as viable for COVID-19 testing, such as saliva. 

Saliva’s primary advantages include its flexibility, its safety, and overall ease of use in testing. Santosh et 

al. also noted that To et al. found that saliva has a “high consistency rate of greater than 90% with 

nasopharyngeal specimens in the detection of respiratory viruses, including coronaviruses” (Sri Santosh 

et al., 2020; To et al., 2019). On August 15, 2020, the FDA issued an EUA to Yale School of Public Health 

for “SalivaDirect” which uses saliva samples for COVID-19 testing. Although this test still uses RT-PCR, 
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the test still detects the nucleic acids in saliva, but does not require otherwise specialized or proprietary 

equipment for extraction of those nucleic acids. In the “Performance Evaluation” section of the official 

EUA, the FDA noted a positive agreement level between SalivaDirect and the ThermoFisher Scientific 

TaqPath COVID-19 combo kit to be 94.1% (32/34) and a negative agreement level to be 90.9% (30/33). 

(FDA, 2020a)  

A third innovation in COVID-19 testing was published by the FDA on July 18, 2020. On this date, the FDA 

stated that they reissued an EUA to Quest Diagnostics to authorize Quest SARS-CoV-2 rRT-PCR test for 

use with “pooled” samples. This testing practice refers to testing multiple samples simultaneously, 

thereby allowing more efficient testing. The Quest SARS-CoV-2 rRT-PCR test was authorized to test up 

to 4 samples at once. The FDA notes that this strategy is most efficient in areas with low prevalence of 

COVID (i.e., most tests are expected to be negative). In the EUA, the FDA writes that if the “positivity 

rate” for any given individual to be tested is over 25%, the pooling strategy should not be used due to 

inefficiency (FDA, 2020c). Yelin et al. found that a single positive sample could be identified in pools of 

up to 32 samples (with a false negative rate of 10%) and noted that detection of a single positive sample 

in a pool of 64 samples may be possible with additional amplification cycles. (Yelin et al., 2020). 

Additional EUAs have been issued specifically for tests using pooled samples, such as the UCSD RC 

SARS-CoV-2 Assay (University of California San Diego Health, RT-PCR, 5 samples), the Poplar SARS-CoV-

2 TMA Pooling assay (Poplar Healthcare, TMA [transcription-mediated amplification], 7 samples), and 

the “COVID-19 RT-PCR Test” (LabCorp, RT-PCR, 5 samples) (LabCorp, 2020a; Poplar, 2020; UCSD, 2020). 

Hogan et al. (2020) performed an analysis of pooled sample analysis in a community setting. The 

authors analyzed samples in pools of 9 or 10, and the RT-PCR assay targeted the envelope (E) gene. 

When a positive pool was identified, each sample was tested individually for both the E gene and the 

RNA-dependent RNA polymerase (RdRp) gene for confirmation. The authors investigated 292 pools 

encompassing 2740 nasopharyngeal samples and 148 bronchoalveolar lavage samples. Two positive 

samples were identified (0.07%), which both showed detection of both genes. The authors identified one 

pool with a “positive E signal” that was not reproducible with testing individual samples of that pool. The 

authors did acknowledge that this methodology may miss individuals in which a COVID-19 risk has not 

been identified, but concluded that “strategies such as pooled screening may facilitate detection of early 

community transmission of SARS-CoV-2 and enable timely implementation of appropriate infection 

control measures to reduce spread (Hogan et al., 2020). 

Another innovative technique in COVID-19 testing was announced on April 14, 2022, in an FDA press 

announcement. The InspectIR COVID-19 Breathalyzer is the first FDA Emergency Use Authorization-

approved diagnostic test to use breath samples; the test detects chemical compounds in breath and 

provides results in less than three minutes. According to the FDA, a validation study of 2,409 individuals 

(both symptomatic and asymptomatic) showed 91.2% sensitivity and 99.3% specificity for detecting 

COVID-19. In addition, the study evidenced a negative predictive value of 99.6% in a population 

composed of only 4.2% of people who were positive for the virus. A follow-up study with the Omicron 

variant showed similar sensitivity values (FDA, 2022b). 

Guidelines and Recommendations 

World Health Organization (WHO) 

The World Health Organization (WHO) published an interim guideline for the diagnostic testing of “2019 

novel coronavirus [termed 2019-nCoV]” on September 11, 2020 (WHO, 2020a). First, they state that 

routine confirmation of COVID-19 cases is based on nucleic acid testing. Regarding serum testing, they 
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remark that “if negative NAAT results are obtained from a patient in whom SARS-CoV-2 infection is 

strongly suspected, a paired serum specimen could be collected. One specimen taken in the acute phase 

and one in the convalescent phase 2-4 weeks later can be used to look for seroconversion or a rise in 

antibody titres.” Finally, they recommend against viral culture or isolation as a routine diagnostic 

procedure and WHO does not recommend the use of saliva as the sole specimen type for routine clinical 

diagnostics (WHO, 2020a).  

The WHO released a scientific brief with recommendations for the use of SARS-CoV-2 Ag-RDTs and 

updated their interim guidance on October 6, 2021. Within the guidelines, “SARS-CoV-2 Ag-RDTs 

(antigen detecting rapid diagnostic tests) that meet the minimum performance requirements of ≥80% 

sensitivity and ≥97% specificity compared to a NAAT reference assay can be used to diagnose SARS-

CoV-2 in suspected COVID-19 cases” (WHO, 2021a). Ag-RDTs should be conducted within 5-7 days after 

the onset of symptoms, as “patients who present more than 5-7 days after the onset of symptoms are 

more likely to have lower viral loads, and the likelihood of false negative results with Ag-RDTs is higher.” 

WHO recommends that Ag-RDTs be used in settings when they are most reliable – in areas “when there 

is ongoing community transmission (≥5% test positivity rate). When there is no transmission or low 

transmission, the positive predictive value of Ag-RDTs will be low (many false positives), and in this 

setting NAAT is preferable as the first-line testing method or for confirmation of positive Ag-RDTs.”  

WHO does not recommend using SARS-CoV-2 Ag-RDTs when: 

• “Symptomatic individuals (suspected COVID-19 cases) in the first 5-7 days since onset of 

symptoms” 

• For asymptomatic individuals, only “limited to contacts of confirmed or probable cases and to at-

risk health workers until more evidence is available on the benefits and cost effectiveness of 

testing low-risk groups with no known exposure to SARS-CoV-2, particularly in settings where 

testing capacity is limited.” 

• “Suspected COVID-19 cases in outbreak investigations”  

The WHO indicates the following as priority uses for the Ag-RDTs:  

• “Community testing of symptomatic individuals meeting the case definition of suspected COVID-

19.” 

• “To detect and respond to suspected outbreaks of COVID-19 including in remote settings, 

institutions and semi-closed communities (e.g., schools, care-homes, cruise ships, prisons, 

workplaces and dormitories), especially where NAAT is not immediately available.” 

• “To screen asymptomatic individuals at high risk of COVID-19, including health workers, contacts 

of cases and other at-risk individuals.”  

Overall, “Ag-RDT testing is recommended in settings likely to have the most impact on early detection 

of cases for care and contact tracing and where test results are most likely to be correct” (WHO, 2021a). 

WHO released a second scientific brief with recommendations concerning immunity passports (WHO, 

2020b) on April 24, 2020. Within the guidelines, WHO states that as of the publication date, “no study 

has evaluated whether the presence of antibodies to SARS-CoV-2 confers immunity to subsequent 

infection by this virus in humans.” They go on to note, “Laboratory tests that detect antibodies to SARS-

CoV-2 in people, including rapid immunodiagnostic tests, need further validation to determine their 

accuracy and reliability. Inaccurate immunodiagnostic tests may falsely categorize people in two ways. 

The first is that they may falsely label people who have been infected as negative, and the second is that 
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people who have not been infected are falsely labelled as positive. Both errors have serious 

consequences and will affect control efforts. These tests also need to accurately distinguish between 

past infections from SARS-CoV-2 and those caused by the known set of six human coronaviruses. Four 

of these viruses cause the common cold and circulate widely. The remaining two are the viruses that 

cause Middle East Respiratory Syndrome and Severe Acute Respiratory Syndrome. People infected by 

any one of these viruses may produce antibodies that cross-react with antibodies produced in response 

to infection with SARS-CoV-2 (WHO, 2020b)”. 

In 2021, WHO released an update to the scientific brief concerning immunity passports within a 

document titled ‘COVID-19 natural immunity.’ Within this brief, WHO discusses the various testing 

methods available. WHO notes that “there are many available serologic assays that measure the 

antibody response to SARS-CoV-2 infection, but at the present time, the correlates of protection are not 

well understood”. The most measured immune response is the presence of antibodies in serum. 

Serologic assays to detect the antibody response are usually based on enzyme immunoassays, which 

detect the presence of virus-specific antibodies in the blood or by live or pseudo-virus neutralization 

assays, which detect functional NAb. While serologic testing has limited use in clinical management 

because it does not capture active infection, it can be very useful in determining the extent of infection 

or estimating attack rates in given populations. Interpreting the results of serologic testing, however, is 

complex: there are several antibody types and subtypes and multiple antigenic determinants/epitopes 

that can be used to target these antibodies, and the results may differ substantially depending on the 

combinations chosen. The results will also depend on the manufacturing specifics of the assay used” 

(WHO, 2021c). Other frequently used assays are enzyme-linked immunosorbent tests, chemiluminescent 

tests, and lateral flow rapid diagnostic tests. To conclude, “available tests and current knowledge do not 

tell us about the duration of immunity and protection against reinfection, but recent evidence suggests 

that natural infection may provide similar protection against symptomatic disease as vaccination, at least 

for the available follow up period.” 

WHO released a scientific brief on May 15, 2020, concerning multisystem inflammatory syndrome in 

children and adolescents with COVID-19. Within the guidelines, they recommend standardized data 

describing clinical presentations.  

• WHO gives a preliminary case definition for individuals ages 0 – 19 years with fever three or more 

days AND at least TWO of the following: 

o “Rash or bilateral non-purulent conjunctivitis or muco-cutaneous inflammation signs (oral, 

hands or feet). 

o Hypotension or shock. 

o Features of myocardial dysfunction, pericarditis, valvulitis, or coronary abnormalities 

(including [echocardiogram] findings or elevated Troponin/NT-proBNP), 

o Evidence of coagulopathy (by PT, PTT, elevated d-Dimers). 

o Acute gastrointestinal problems (diarrhea, vomiting, or abdominal pain). 

• AND 

o Elevated markers of inflammation such as ESR, C-reactive protein, or procalcitonin. 

• AND 

o No other obvious microbial cause of inflammation, including bacterial sepsis, staphylococcal 

or streptococcal shock syndromes. 

• AND 

o Evidence of COVID-19 (RT-PCR, antigen test or serology positive), or likely contact with 

patients with COVID-19 (WHO, 2020c).” 
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Centers for Disease Control and Prevention (CDC) 

In the update of the CDC guidelines Overview of Testing for SARS-CoV-2, dated February 11, 2022, the 

CDC states that “viral tests, including nucleic acid amplification tests (NAATs, such as Reverse 

Transcription-Polymerase Chain Reaction), antigen tests and other tests (such as breath tests) are used 

as diagnostic tests to detect current infection with SARS-CoV-2 and to inform an individual’s medical 

care.” The CDC also stated, “Viral testing is recommended for individuals who are close contacts of 

persons with COVID-19” (CDC, 2022g). Regarding use of antibody testing, the CDC remarks: “Antibody 

testing is not currently recommended to assess a person’s protection against infection or severe COVID-

19 following COVID-19 vaccination or prior infection, or to assess the need for vaccination in an 

unvaccinated person. To evaluate for evidence of previous infection in a vaccinated individual, an 

antibody test specifically evaluating IgM/IgG to the nucleocapsid protein should be used (e.g., for public 

health surveillance or the diagnosis of Multisystem Inflammatory Syndrome in Children (MIS-C) 

Multisystem Inflammatory Syndrome in Adults (MIS-A)” (CDC, 2022g).  

Regarding testing for asymptomatic patients with “known or suspected exposure to SARS-CoV-2”, the 

CDC recommends testing for all close contacts of persons with SARS-CoV-2 infection. “Viral testing is 

recommended for individuals who have been exposed persons with COVID-19. People who have had an 

exposure with someone known or suspected of having COVID-19 should be tested at least 5 days after 

the exposure. If symptoms develop before 5 days, they should get tested immediately” (CDC, 2022g). 

The CDC also notes the settings to prioritize for screening testing, including:  

• “High-risk congregate settings, such as assisted living facilities, correctional facilities, and 

homeless shelters, that have demonstrated high potential for rapid and widespread virus 

transmission to people at high risk for severe illness.” 

• “Settings that involve close quarters and that are isolated from healthcare resources (e.g., fishing 

vessels, wildland firefighter camps, or offshore oil platforms)” (CDC, 2022g). 

The CDC states it is "working with state, local, territorial, academic, and commercial partners” for 

surveillance testing and COVID-19 research in the US (CDC, 2022g).  

Finally, the CDC still maintains, “Consequently, evidence supports a time-based and symptom-based 

strategy to determine when to discontinue isolation or other precautions rather than a test-based 

strategy. For persons who are severely immunocompromised, a test-based strategy could be considered 

in consultation with infectious disease experts. For all others, a test-based strategy is no longer 

recommended” (CDC, 2021b).  

The CDC also published Interim Guidelines for COVID-19 Antibody Testing in Clinical and Public Health 

Settings. The CDC states that “Both SARS-CoV-2 IgM and IgG antibodies may be detected around the 

same time after infection. However, while IgM is most useful for determining recent infection, it usually 

becomes undetectable weeks to months following infection; in contrast, IgG may remain detectable for 

longer periods. IgA is important for mucosal immunity and can be detected in mucous secretions like 

saliva in addition to blood; although, its significance in this disease is still to be determined.” The CDC 

also acknowledges the potential application of neutralizing antibody detection (as opposed to binding 

antibody detection), and remarks that the FDA has now authorized one competitive neutralization test 

(cVNT), which is a “binding antibody tests designed to qualitatively detect potentially neutralizing 

antibodies, often those that prevent interaction of RBD with the ACE-2 receptor” (CDC, 2022f). 

According to the interim guidelines, antibody tests can be used to 
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• “Determine if a person has COVID-19 antibodies, which suggests past infection or vaccination.” 

• “Aid in the diagnosis of multisystem inflammatory syndrome in children (MIS-C) and in adults 

(MIS-A).” 

• “Monitor and evaluate population levels of immunity.” 

On the other hand, antibody tests should not be used to 

• “Diagnose current infection.” 

• “Determine if someone can return to work or school.” 

• “Group people together in settings such as schools, dormitories, and correctional facilities; or to 

exempt someone from screening testing.” 

• “Exempt a person who wears personal protective equipment (PPE) at work from following site-

specific requirements”. 

The diagnosis of acute infection from SARS-CoV-2 is best determined by diagnostic testing using a 

nucleic acid amplification test (NAAT) or antigen test (CDC, 2022e).  

Moreover, though CDC asserts that “Antibody testing is not a replacement for virologic testing and 

should not be used to establish the presence or absence of acute SARS-CoV-2 infection”, they also 

suggest that “Antibody testing may be useful to support the diagnosis of COVID-19 illness or 

complications of COVID-19 in the following situations: 

• A positive antibody test at least 7 days following acute illness onset in persons who had a 

previous negative antibody test (e.g., seroconversion) but did not receive a positive viral test 

might indicate SARS-CoV-2 infection between the dates of the negative and positive antibody 

tests. 

• A positive antibody test can help support a diagnosis when patients present with complications 

of COVID-19, such as multisystem inflammatory syndrome or other post-acute sequelae of 

COVID-19” (CDC, 2022e). 

The CDC also states that “Although current EUA indications do not preclude the use of these tests in 

vaccinated individuals, none of the currently authorized tests have been specifically authorized to assess 

immunity or protection of people who have received a COVID-19 vaccine, including people with 

immunocompromising conditions” (CDC, 2022e). 

Regarding testing for past infections, the CDC recommends that antibody tests should not be used to 

diagnose a current COVID-19 infection (CDC, 2022b). 

Within the CDC’s Interim Guidelines for Collecting and Handling Clinical Specimens for COVID-19 Testing, 

they recommend collecting and testing upper respiratory samples for initial diagnostic testing for 

current SARS-CoV-2 infections. Within their recommendation, they list the following (without stating a 

preference) as acceptable specimens: 

• “Nasopharyngeal (NP) specimen collection/oropharyngeal (OP) (throat) specimen collection 

(performed by a trained healthcare provider, only)  

• Nasal mid-turbinate (MT) swab (performed by a healthcare provider or the patient after reviewing 

and following collection instructions) 

• Anterior nasal specimen (performed by a healthcare provider or the patient after reviewing and 

following collection instructions) 

• Nasopharyngeal wash/aspirate or nasal wash/aspirate (NW) (performed by a trained healthcare 
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provider) 

• Saliva (collected by patient with or without supervision) 

• Breath (performed by a qualified, trained operator under the supervision of a healthcare provider 

licensed or authorized by state law to prescribe tests) 

• Bronchoalveolar lavage, tracheal aspirate, pleural fluid, lung biopsy (generally performed by a 

physician in the hospital setting) 

• Sputum (collected under the guidance of a trained healthcare professional)” (CDC, 2022d).  

The CDC issued employer-based guidelines titled Guidance for Businesses and Employers Responding to 

Coronavirus Disease 2019 (COVID-19): Plan, Prepare, and Respond to Coronavirus Disease 2019. (CDC, 

2021a). This guideline is now considered archived and made available for historical purposes, and the 

CDC now refers to the OSHA guideline titled Protecting Workers: Guidance on Mitigating and Preventing 

the Spread of COVID-19 in the Workplace for the latest information.  

The CDC, in a joint interim set of guidelines with OSHA, issued Meat and Poultry Processing Workers 

and Employers Interim Guidance from CDC and the Occupational Safety and Health Administration 

(OSHA) (CDC & OSHA, 2020). This guideline is now considered archived and made available for historical 

purposes, and the CDC now refers to the OSHA guideline titled Protecting Workers: Guidance on 

Mitigating and Preventing the Spread of COVID-19 in the Workplace. 

In their August 31, 2022, update, the CDC recommends a test-based strategy “may be used to remove a 

mask sooner.” The CDC recommends a symptom-based strategy primarily for healthcare professionals. 

The recommendations are listed below: 

• “For people who are mildly ill with SARS-COV-2 infection and not moderately or severely 

immunocompromised, 

o Isolation can be discontinued at least 5 days after symptom onset (day 0 is the day symptoms 

appeared, and day 1 is the next full day thereafter) if fever has resolved for at least 24 hours 

(without taking fever-reducing medications) and other symptoms are improving. 

o If symptoms recur or worsen, the isolation period should restart at day 0. 

o People who cannot wear a mask, including children < 2 years of age and people of any age 

with certain disabilities, should isolate for 10 days. 

o In certain high-risk congregate settings that have high risk of secondary transmission, CDC 

recommends a 10-day isolation period for residents.”  

• “For people who test positive, are asymptomatic (never develop symptoms) and not moderately 

or severely immune compromised,  

o Isolation can be discontinued at least 5 days after the first positive viral test (day 0 is the 

date the specimen was collected for the positive test, and day 1 is the next full day 

thereafter).” 

• “For people who are moderately ill and not moderately or severely immunocompromised, 

isolation and precautions can be discontinued 10 days after symptom onset (day 0 is the day 

symptoms appeared, and day 1 is the next full day thereafter).”  

• “For people who are severely ill and not moderately or severely immunocompromised, isolation 

and precautions can be discontinued 10 days after symptom onset (day 0 is the day symptoms 

appeared, and day 1 is the next full day thereafter).  

o Some people with severe (e.g., requiring hospitalization, intensive care, or ventilation support) 

may remain infectious beyond 10 days. This may warrant extending the duration of isolation 

and precautions for up to 20 days after symptom onset (with day 0 being the day symptoms 

appeared) and after resolution of fever for at least 24 hours (without taking fever-reducing 
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medications) and improvement of other symptoms. 

o Serial testing prior to ending isolation can be considered in consultation with infectious 

disease experts.” 

• “For people who are moderately or severely immunocompromised (regardless of COVID-19 

symptoms or severity), … CDC recommends an isolation period of at least 20 days, and ending 

isolation in conjunction with serial testing and consultation with an infectious disease specialist to 

determine the appropriate duration of isolation and precautions.  

o The criteria for serial testing to end isolation are: 

▪ Results are negative from at least two consecutive respiratory specimens collected In 

certain high-risk congregate settings that have high risk of secondary transmission, CDC 

recommends a 10-day isolation period for residents. 

▪ Also, if a moderately or severely immunocompromised patient with COVID-19 was 

symptomatic, there should be resolution of fever for at least 24 hours (without the taking 

fever-reducing medication) and improvement of other symptoms” (CDC, 2022c). 

In terms of ending isolation for nonhealthcare personnel, the recommendations are below, utilizing a 

symptom-based strategy as well:  

• “If you had no symptoms, you may end isolation after day 5.” 

• “If you had symptoms and: 

o Your symptoms are improving – you may end isolation after day 5 if you are fever-free for 24 

hours (without the use of fever-reducing medication). 

o Your symptoms are not improving – continue to isolate until: you are fever-free for 24 hours 

(without the use of fever-reducing medication) [and] your symptoms are improving. 

• “If you had symptoms and had: 

o Moderate illness (you experienced shortness of breath or had difficulty breathing): 

▪ You need to isolate through day 10. 

o Severe illness (you were hospitalized) or have a weakened immune system: 

▪ You need to isolate through day 10. 

▪ Consult your doctor before ending isolation. 

▪ Ending isolation without a viral test may not be an option for you” (CDC, 2023b). 

The CDC also published a case series of “Multisystem Inflammatory Syndrome in Adults Associated with 

SARS-CoV-2 Infection” [MIS-A]. The CDC observes that a “hyperinflammatory syndrome resembling MIS-

C” may also manifest in adult patients and remarks that “Clinicians and health departments should 

consider MIS-A in adults with signs and symptoms compatible with the current working MIS-A case 

definition. Antibody testing for SARS-CoV-2 might be needed to confirm previous COVID-19 infection in 

patients who do not have positive SARS-CoV-2 PCR or antigen test results.” The working case definition of 

MIS-A was defined by CDC as follows: 

• “a severe illness requiring hospitalization in a person aged ≥21 years;  

• a positive test result for current or previous SARS-CoV-2 infection (nucleic acid, antigen, or 

antibody) during admission or in the previous 12 weeks; 

• severe dysfunction of one or more extrapulmonary organ systems (e.g., hypotension or shock, 

cardiac dysfunction, arterial or venous thrombosis or thromboembolism, or acute liver injury);  

• laboratory evidence of severe inflammation (e.g., elevated CRP, ferritin, D-dimer, or interleukin-6); 

and  

• absence of severe respiratory illness (to exclude patients in which inflammation and organ 

dysfunction might be attributable simply to tissue hypoxia).” 
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Patients with mild respiratory symptoms who met these criteria were included. Patients were excluded if 

alternative diagnoses such as bacterial sepsis were identified. 

The CDC does note three limitations of the case series report, which are as follows: 

• “First, cases described here were voluntarily reported or published and therefore are not 

representative of the true clinical spectrum or racial/ethnic distribution of this emerging 

syndrome. Additional cases might not have been reported or published; others might have 

remained unrecognized because of absence of COVID-like symptoms, lack of antibody testing, or 

negative test results.  

• Second, the working case definition excludes patients with severe respiratory dysfunction to 

distinguish MIS-A from severe COVID-19; however, the two conditions might overlap in some 

cases.  

• Finally, the working case definition for this syndrome is potentially nonspecific, and some patients 

with other disease processes might have been misclassified as having MIS-A” (Morris et al., 2020). 

On July 9, 2021, the CDC updated their research on “Post-COVID Conditions: Information for Healthcare 

Providers” (CDC, 2022h). According to the CDC, “Post-COVID conditions” can be referred to as “long 

COVID, post-acute COVID-19, long-term effects of COVID, post-acute COVID syndrome, chronic COVID, 

long-haul COVID, late sequelae, and the research term “post-acute sequelae of SARS-COV-2 infection 

(PASC).” Generally, “it can be considered a lack of return to a usual state of health following acute 

COVID-19 illness” and “might also include development of new or recurrent symptoms unmasking of a 

pre-existing condition that occurs after the symptoms of acute illness have resolved.” However, the CDC 

considers post-COVID conditions “to be present if recovery does not occur after the 4-week acute phase 

even though many patients continue to recover between 4 and 12 weeks.” The CDC also warns of the 

possibility that some patients with post-COVID conditions won’t have positive tests for COVID-19 

because of “a lack of testing or inaccurate testing during the acute period, or because of waning 

antibody levels or false-negative antibody testing during follow up.” Alternatively, the term “long 

COVID” is defined as “symptoms lasting 3 or more months that were not present prior to having COVID-

19.” The CDC cites the most common symptoms to include: “Dyspnea or increased respiratory effort, 

fatigue, post-exertional malaise and/or poor endurance, cognitive impairment or “brain fog”, cough, 

chest pain, headache, palpitations and tachycardia, arthralgia, myalgia, paresthesia, abdominal pain, 

diarrhea, insomnia and other sleep difficulties, fever, lightheadedness, impaired daily function and 

mobility, pain, rash (e.g., urticaria), mood changes, anosmia or dysgeusia, menstrual cycle irregularities, 

[and] erectile dysfunction.” “Post-exertional malaise (PEM)” is defined as “the worsening of symptoms 

following even minor physical or mental exertion, with symptoms typically worsening 12 to 48 hours 

after activity and lasting for days or even weeks” (CDC, 2022h). 

National Institutes of Health (NIH) 

The NIH released COVID-19 treatment guidelines, and within the September 26, 2022, update, they 

addressed clinical spectrum of SARS-CoV-2 infection, which includes those with asymptomatic or 

presymptomatic infection, mild illness, moderate illness, severe illness, and critical illness. For 

asymptomatic and presymptomatic individuals, the NIH states that “It is unclear what percentage of 

individuals who present with asymptomatic infection progress to clinical disease. Some asymptomatic 

individuals have been reported to have objective radiographic findings consistent with COVID-19 

pneumonia.” Additionally, the guideline discusses infectious complications in patients with COVID-19, 

which can be categorized as “coinfections at presentation,” such as “concomitant viral infections, 

including influenza and respiratory viruses” and community-acquired bacterial pneumonia, and 
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“reactivation of latent infections,” such as chronic hepatitis B virus and latent tuberculosis reactivation, 

“nosocomial infections,” such as hospital-acquired or ventilator-associated pneumonia and Clostridioides 

difficile-associated diarrhea, and “opportunistic fungal infections,” like aspergillosis and mucormycosis 

among hospitalized COVID-19 patients (NIH, 2023a). 

The NIH also released COVID-19 testing guidelines. The following recommendations were made from 

the COVID-19 Treatment Guidelines Panel:  

• The Panel recommends “using either a nucleic acid amplification test (NAAT) or an antigen test 

with a sample collected from the upper respiratory tract (e.g., nasopharyngeal, nasal mid-

turbinate, or anterior nasal) to diagnose acute infection of SARS-CoV-2 (AIII).” 

• “A NAAT should not be repeated in an asymptomatic person (with the exception of health care 

workers) within 90 days of a previous SARS-CoV-2 infection, even if the person has had a 

significant exposure to SARS-CoV-2.” 

• “SARS-CoV-2 reinfection has been reported in people after an initial diagnosis of the infection; 

therefore, clinicians should consider using a NAAT for those who have recovered from a previous 

infection and who present with symptoms that are compatible with SARS-CoV-2 infection if there 

is no alternative diagnosis (BIII).” 

• “The Panel recommends against diagnosing acute SARS-CoV-2 infection solely on the basis of 

serologic (i.e., antibody) test results (AIII).” 

• “There is insufficient evidence for the Panel to recommend either for or against the use of SARS-

CoV-2 serologic testing to assess for immunity or to guide clinical decisions about using COVID-

19 vaccines or anti-SARS-CoV-2 monoclonal antibodies” (NIH, 2023b). 

American Medical Association (AMA) 

The AMA released public health guidelines and recommendations concerning serological testing for 

SARS-CoV-2 antibodies on May 14, 2020. They list the limitations of antibody testing to include the 

potential for false-positive results, potential cross-reactivity, and lack of knowledge concerning 

relationship between antibody testing and immune status. The AMA recommends the following: 

• “Use of serology tests should currently be limited to population-level seroprevalence study, 

evaluation of recovered individuals for convalescent plasma donations, and in other situations 

where they are used as part of a well-defined testing plan and in concert with other clinical 

information by physicians well-versed in interpretation of serology test results.” 

• “Serology tests should not be offered to individuals as a method of determining immune status.” 

• “Serology tests should not currently be used as the basis for any “immunity certificates,” to inform 

decisions to return to work, or to otherwise inform physical distancing decisions. Doing so may 

put individuals, their household and their community at risk.” 

• “Serology tests should not be used as the sole basis of diagnosis of COVID-19 infection” (AMA, 

2020). 

“Messaging on serological testing to medically underserved communities should explicitly take 

into consideration cultural and social features which may bear on their ability to make long-term 

choices on physical distancing and other COVID-19 precautions” (AMA, 2020). 

Infectious Diseases Society of America (IDSA) 

The Infectious Diseases Society of America (IDSA) on May 6, 2020, released their guidelines on the 

diagnosis of COVID-19. At this time, they focus solely on the use of targeted nucleic acid testing, such as 
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RT-PCR, because “[a]t the time of this review, there was little evidence to inform use of serologic testing” 

(IDSA, 2020b). The IDSA convened a multidisciplinary panel of experts to review the research and 

literature on the available diagnostic testing for COVID-19. The panel used the Grading of 

Recommendations Assessment, Development and Evaluation (GRADE) methodology to assess the 

evidence of the studies and to make their recommendations. A primary recommendation implies that 

diagnostic testing and specimen collection devices are available whereas a contingency 

recommendation is made for situations where testing and/or personal protective equipment (PPE) are 

limited.  

The panel made 17 recommendations concerning the use of nucleic acid testing as follows (IDSA, 

2020b): 

• They strongly recommend using a nucleic acid amplification test (NAAT), such as RT-PCR, in 

symptomatic patients even when clinical suspicion for COVID-19 is low. 

• They suggest (conditional recommendation) using a nasopharyngeal, mid-turbinate, anterior 

nasal swab, saliva, or a combined anterior nasal/oropharyngeal swab rather than oropharyngeal 

swab or saliva sample for testing in symptomatic individuals suspected of COVID-19. 

• They suggest (conditional recommendation) that either a patient or a healthcare provider can 

collect an anterior nasal or mid-turbinate sample in a symptomatic patient with upper respiratory 

tract infections or influenza-like illness suspected of COVID-19. 

• They suggest (conditional recommendation) “initially obtaining an upper respiratory tract 

sample (e.g., nasopharyngeal swab) rather than a lower respiratory sample for SARS-CoV-2 RNA 

testing in hospitalized patients with suspected COVID-19 lower respiratory tract in infection.  

o If the initial upper respiratory sample result is negative, and the suspicion for disease remains 

high, the IDSA panel suggests collecting a lower respiratory tract sample (e.g., sputum, 

bronchoalveolar lavage fluid, tracheal aspirate) rather than collecting another upper 

respiratory sample.” 

• They suggest (conditional recommendation) performing only one test in a symptomatic 

individual and not repeat testing if low clinical suspicion of COVID-19. 

• They suggest (conditional recommendation) repeat testing of an initial negative result in a 

symptomatic individual be performed only if there is an intermediate or high clinical suspicion of 

COVID-19. 

• They suggest (conditional recommendation) “using either rapid RT-PCR or standard laboratory-

based NAATs over rapid isothermal NAAT in symptomatic individuals suspected of having COVID-

19).” 

• They suggest (conditional recommendation) RNA testing in asymptomatic individuals who are 

either known or suspected to have been exposed to COVID-19. 

• They suggest against (conditional recommendation) RNA testing in asymptomatic individuals 

with no known contact with COVID-19 who are being hospitalized in areas with low prevalence. 

They consider a low prevalence rate to be less than 2% of the community. 

• They suggest (conditional recommendation) RNA testing in asymptomatic individuals with no 

known contact with COVID-19 who are being hospitalized in areas with high prevalence of the 

disease. They consider a high prevalence rate to be 10% or higher. The IDSA does note that if the 

prevalence rate is between 2% and 9% the decision to test should be dependent on the 

availability of testing resources. 

• They strongly recommend RNA testing in immunocompromised asymptomatic individuals who 

are being admitted to the hospital regardless of exposure to COVID-19. 

• They strongly recommend RNA testing (versus no testing) in asymptomatic individuals before 

immunosuppressive procedures, such as a hematopoietic stem cell (HSCT) or solid organ (SOT) 
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transplant regardless of a known exposure to COVID-19. 

• They make NO recommendations “for or against SARS-CoV-2 RNA testing before initiating 

immunosuppressive therapy in asymptomatic individuals with cancer,” citing an evidence gap. 

This recommendation does not apply to candidates or recipients of HSCT or SOT. 

• They make NO recommendations “for or against SARS-CoV-2 RNA testing before the initiation of 

immunosuppressive therapy in asymptomatic individuals with autoimmune disease,” citing an 

evidence gap.  

• They suggest (conditional recommendation) RNA testing in asymptomatic individuals without 

known exposure to COVID-19 who are undergoing major time-sensitive surgeries. 

• They suggest against (conditional recommendation) RNA testing in asymptomatic individuals 

without known exposure to COVID-19 who are undergoing time-sensitive aerosol-generating 

procedures, such as a bronchoscopy, when PPE is available. 

• They suggest (conditional recommendation) RNA testing in asymptomatic individuals without 

known exposure to COVID-19 who are undergoing time-sensitive aerosol-generating procedures 

when PPE is limited and testing is available. For this recommendation, the IDSA gives greater 

detail due to restrictions in availability of PPE. They also note that their recommendation does not 

address the need for repeat testing if patients require multiple procedures over time. 

Besides the 17 recommendations, the IDSA panel also released their algorithm for SARS-CoV-2 Nucleic 

Acid Testing. This algorithm, as seen in Figure 2, separates individuals into symptomatic and 

asymptomatic groups. The IDSA notes that testing should be prioritized for symptomatic patients first. 

When resources are sufficient, then testing for selected asymptomatic individuals can be considered. 

Regardless, the preferred testing methodology is direct SARS-CoV-2 nucleic acid amplification testing, 

such as RT-PCR.  

 

 

Figure 2: IDSA Algorithm for SARS-CoV-2 Nucleic Acid Testing (IDSA, 2020a). The Infectious Diseases Society of 
America (IDSA) released their algorithm for nucleic acid testing for COVID-19. According to the IDSA guidelines, 
testing priority should first be given to symptomatic patients; if resources are available, then testing asymptomatic 
individuals can be considered. Regardless, patients undergoing time-sensitive immunosuppressive procedures 
should be tested (IDSA, 2020b).  
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IDSA also published a guideline regarding serology testing on August 18, 2020. In it, they make the 

following recommendations: 

• “The IDSA panel suggests against using serologic testing to diagnose SARS-CoV-2 infection 

during the first two weeks (14 days) following symptom onset (conditional recommendation, very 

low certainty of evidence).” 

• “When SARS-CoV-2 infection requires laboratory confirmation for clinical or epidemiological 

purposes, the IDSA panel suggests testing for SARS-CoV-2 IgG or total antibody three to four 

weeks after symptom onset to detect evidence of past SARS-CoV-2 infection (conditional 

recommendation, very low certainty of evidence).” 

• The IDSA panel makes no recommendation either for or against using IgM antibodies to detect 

evidence of past SARS-CoV-2 infection (conditional recommendation, very low certainty of 

evidence). 

• “The IDSA panel suggests against using IgA antibodies to detect evidence of past SARS-CoV-2 

infection (conditional recommendation, very low certainty of evidence).” 

• “The IDSA panel suggests against using IgM or IgG antibody combination tests to detect evidence 

of past SARS-CoV-2 infection (conditional recommendation, very low certainty of evidence).” 

• “The IDSA panel suggests using IgG antibody to provide evidence of COVID-19 infection in 

symptomatic patients with a high clinical suspicion and repeatedly negative NAAT testing (weak 

recommendation, very low certainty of evidence).” 

• “In pediatric patients with multisystem inflammatory syndrome, the IDSA panel suggests using 

both IgG antibody and NAAT to provide evidence of current or past COVID-19 infection (strong 

recommendation, very low certainty of evidence).” 

• “The IDSA panel makes no recommendation for or against using capillary versus venous blood for 

serologic testing to detect SARS-CoV-2 antibodies (knowledge gap).” 

IDSA also includes several comments on testing methodologies that are currently under evaluation. The 

methodologies named in this section of the guideline are “neutralizing antibody and cellular immune 

responses”, detection of viral antigens aside from the S or N protein, and multi-test algorithms (IDSA, 

2020c). 

In the 2018 IDSA guidelines, released before the COVID-19 pandemic, IDSA notes, “Suspected cases of 

SARS coronavirus and MERS coronavirus require immediate notification to the laboratory. Guidance for 

testing can be found at [CDC websites for SARS and MERS].” For the four endemic human coronaviruses, 

they only state that they are associated with common cold “symptoms of rhinorrhea, congestion, sore 

throat, sneezing, and cough and may present with fever”. They do note that for children with asthma or 

otitis media, these viruses can cause exacerbation of the conditions. IDSA notes, “Diagnostic tests 

include NAATs, which are now common in commercial respiratory panels.” Within their table for the 

laboratory diagnosis of bronchiolitis, bronchitis, and pertussis, the IDSA lists possible diagnostic 

procedures for the detection of coronavirus to include NAAT, rapid antigen detection tests, and virus 

culture; however, they do not list one methodology as a preferred or recommended method over 

another. For the antigen testing, they do include a footnote stating, “Rapid antigen tests for respiratory 

virus detection lack sensitivity and depending upon the product, specificity” (Miller et al., 2018). 

Infectious Diseases Society of America (IDSA)/American Society for Microbiology (ASM) 

In 2022, IDSA and ASM released a consensus review document on the clinical and infection prevention 

applications for SARS-CoV-2 genotyping. In it, they cover clinical use cases for genotyping, methods of 

genotyping, assay validation and regulatory requirements, clinical reporting for laboratories, and 
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emerging issues in clinical SARS-CoV-2 sequencing. Overall, they report that “while clinical uses of 

SARS-CoV2 genotyping are currently limited, rapid technological change along with a growing ability to 

interpret variants in real time foretell a growing role for SARS-CoV-2 genotyping in clinical care as 

continuing data emerge on vaccine and therapeutic efficacy” (Greninger et al., 2022). 

Society for Healthcare Epidemiology of America- (SHEA)/American Society of Anesthesiologists 

(ASA)/Anesthesia Patient Safety Foundation (APSF) 

In late 2022, SHEA published recommendations on screening for SARS-CoV-2 in an asymptomatic 

population. Here, they note that testing of asymptomatic patients was an attempt to reduce the risk of 

nosocomial transmission but has been an extensive and resource intensive process with unclear benefit 

when added to other layers of infection prevention mitigation controls. They also note that “the logistic 

challenges and costs related to screening program implementation, data noting the lack of substantial 

aerosol generation with elective controlled intubation, extubation, and other procedures, and the 

adverse patient and facility consequences of asymptomatic screening call into question the utility of this 

infection prevention intervention.” Based on their findings, SHEA “recommends against routine universal 

use of asymptomatic screening for SARS-CoV-2 in healthcare facilities. Specifically, preprocedure 

asymptomatic screening is unlikely to provide incremental benefit in preventing SARS-CoV-2 

transmission in the procedural and perioperative environment when other infection prevention 

strategies are in place, and it should not be considered a requirement for all patients. Admission 

screening may be beneficial during times of increased virus transmission in some settings where other 

layers of controls are limited (eg, behavioral health, congregate care, or shared patient rooms), but 

widespread routine use of admission asymptomatic screening is not recommended over strengthening 

other infection prevention controls” (Talbot et al., 2023).  

This statement is supported by the ASA and the APSF. They specifically note that the “SHEA 

recommendations provide a rationale for considering a move away from universal screening. Such a 

change considers the potential adverse consequences of testing for SARS-CoV-2 in asymptomatic 

patients. Moreover, we recommend that each facility develop a risk/benefit analysis that includes 

local/facility infection prevention assessment (e.g., patient population, facility physical layout, and 

community incidence and transmission of COVID-19 as defined in the SHEA Board Commentary), and a 

robust system of controls and interventions to prevent virus transmission (“Swiss Cheese” model). The 

recommendations by SHEA should be considered along with these updated recommendations to 

operationalize a robust and safe perioperative screening and targeted testing program for the benefit of 

our patients, our healthcare workers, other hospital patients and the public” (ASA & APSF, 2022). 

American Association for Clinical Chemistry (AACC)  

The AACC released a set of recommendations for “implementing and interpreting SARS-CoV-2 EUA and 

LDT [laboratory developed test] serologic testing in clinical laboratories.” Serologic testing is currently 

only used for serum, plasma, and “less frequently, whole-blood or dried blood spots,” but not for other 

sample types, like saliva and cerebrospinal fluid. Serologic testing is “not recommended as the primary 

approach for diagnosis of SARS-CoV-2 infection.” For the recommended use of serologic testing, the 

AACC stated the following:  

• “Serologic testing may be offered as an approach to support diagnosis of COVID -19 illness in 

symptomatic patients and late phase negative molecular testing or for patients presenting with 

late complications such as multisystem inflammatory syndrome in children (MIS -C). 

• Serologic testing can help identify people who may have been infected with or have recovered 
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from the SARS -CoV -2 infection.  

• Serologic testing can be used to screen potential convalescent plasma donors and in the 

manufacture of convalescent plasma.  

• Serologic testing can be used for epidemiology and seroprevalence studies.  

• Serologic testing can be used for vaccine response and efficacy studies.” 

Regarding serologic testing limitations, the AACC stated the following:  

• “False positive results may occur. 

• Negative results do not preclude acute SARS CoV-2 infection or viral shedding. 

• Serologic tests may not differentiate between natural infection and vaccine response. 

• Serologic results should not be used for  

o Determining individual protective immunity 

o Return to work decisions 

o Cohorting individuals in congregate settings 

o Assessment of convalescent plasma recipients 

o Use of Personal Protective Equipment 

o Placement of high-risk job functions” (Zhang et al., 2021). 

European Centre for Disease Prevention and Control (ECDC) 

The ECDC in their guidance for laboratory support in the EU/EEA recommends using WHO-

recommended testing strategies for the diagnosis and confirmation of COVID-19 (ECDC, 2022a). 

In the ECDC’s guideline titled “COVID-19 testing strategies and objectives”, the ECDC recommends 

performing laboratory testing in accordance with the WHO case definition. The following populations 

should be tested (ECDC, 2022b): 

• “Ideally, all people with COVID-19 symptoms should be tested as soon as possible after symptom 

onset. This requires easy access to testing for all, including non-residents. Test result turnaround 

time should be minimized, people testing positive should isolate and timely contact tracing 

should be carried out, ensuring that all close contacts are tested, irrespective of symptoms. 

• All patients with acute respiratory symptoms in hospitals and in other healthcare settings, and all 

specimens from sentinel primary care surveillance should be tested for both SARS-CoV-2 and 

influenza during the influenza season to monitor incidence and trends over time.  

• Healthcare and social care settings require intensive testing when there is documented 

community transmission. Periodic and comprehensive testing of all staff and residents/patients is 

recommended to prevent nosocomial transmission. Furthermore, all patients/residents should be 

tested upon or just prior to admission. 

• Clusters or outbreaks may occur in certain settings, such as workplaces, educational facilities, 

prisons, and migrant detention centres. Testing policies and systems should be in place for rapid 

detection and control to protect the relevant populations in these settings and to protect the 

community from amplified transmission. 

• Countries experiencing high SARS-CoV-2 transmission in a local community should consider 

testing the whole population of the affected area. This would enable identification of infectious 

COVID-19 cases and allow for their prompt isolation to interrupt chains of transmission. 

Depending on the epidemiological situation, size and population density of the affected area, 

such an approach could be less disruptive for society than having to introduce and ensure 

compliance with more stringent public health measures. 
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• To prevent re-introduction, countries or subnational areas that achieved sustained control of the 

circulation of SARS-CoV-2 should, in addition to quarantine measures, consider targeted testing 

and follow-up of individuals coming from other areas within the same country, or from other 

countries that have not yet achieved sustained control of the virus” (ECDC, 2022b). 

Finally, ECDC notes that “Genomic surveillance of SARS-CoV-2 is essential to detect, monitor and assess 

virus variants that can result in increased transmissibility, disease severity, or have other adverse effects 

on public health and social control measures. Obtaining timely and accurate information on the 

emergence and circulation of variants of concern (VOCs) and variants of interest (VOIs) requires robust 

surveillance systems, including integrated genome sequencing with a well-defined sampling and 

sequencing strategy to ensure representativeness and reliability of findings” (ECDC, 2021, 2022b). 

American Academy of Pediatrics (AAP) 

The AAP lists the most common scenarios for testing as symptomatic patients; patients who are 

asymptomatic but had exposure to a person with confirmed or probable COVID-19 infection; and 

patients who required screening as part of local public health, school, or workplace requirement. The 

AAP notes that a person’s vaccination status may be a factor in decision-making concerning the need 

for screening. 

Additionally, the AAP says that for patients who have symptoms, both NAATs (such as PCR testing) and 

antigen tests can be used. A positive result indicates a SARS-CoV-2 infection on either PCR or antigen 

diagnostics. That said, for a patient with a negative antigen result, a provider may repeat the antigen test 

at 48 hours per FDA guidance. 

For purposes of testing symptomatic children who have recently had confirmed infections within 3 

months, the AAP says providers should consider the possibility of a false-positive result. Especially using 

PCR tests and other NAAT tests, as these may remain positive from deposited viral genetic material for 

several months after an active infection. The AAP notes, “In a child with known exposure and compatible 

symptoms, there may be situations in which it is reasonable to retest within the 90-day window. If 

testing is performed within that window, antigen testing is generally preferable to NAATs because of the 

potential for positive NAAT results attributable to prior infection” (AAP, 2022). 

Further, the AAP previously stated in 2020-2021 guidance that antibody (serologic) tests “can provide 

evidence of previous infection with SARS-CoV-2 but are not useful for the diagnosis of acute infection. A 

positive antibody test result does not prove that a patient has protection against SARS-CoV-2, although 

the FDA and vaccine companies use serologic testing as a marker for immunogenicity and protection 

from SARS-CoV-2 infection. Thus, these tests should not be used to make decisions on grouping people 

in classrooms or other facilities at this time, and individuals with positive antibody tests should continue 

to adhere to guidelines about masking, social distancing, and other preventive measures” (AAP, 2022).  

The AAP has also included some comments and discussion on Multisystem Inflammatory Syndrome in 

Children (MIS-C). MIS-C has been observed to have some association with COVID-19, and patients with 

this syndrome have been observed to test positive “far more often” for past SARS-CoV-2 infection (i.e., 

antibody testing) than acute infection (RT-PCR or antigen test). The Council of State and Territorial 

Epidemiologists (CSTE) and CDC defines an MIS-C case by the following criteria: 

“An individual aged <21 years and in the absence of a more likely alternative diagnosis: 

▪ Subjective or documented fever (T >38.0° C) 
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▪ Clinical severity requiring hospitalization or resulting in death 

▪ C-reactive protein (CRP) >3.0 mg/dL 

▪ New onset manifestations of >2 of the following categories: 

▪ Cardiac: coronary artery dilatation/aneurysm, left ventricular ejection fraction <55%, or 

troponin elevated above normal 

▪ Shock 

▪ Mucocutaneous: rash, oral mucosal inflammation, conjunctivitis/conjunctival injection or 

extremity findings (erythema, edema) 

▪ Gastrointestinal: abdominal pain, vomiting or diarrhea 

▪ Hematologic: platelet count <150,000/µL, absolute lymphocyte count <1000/µL 

▪ Detection of SARS-CoV-2 nucleic acid/antigen up to 60 days prior to or during hospitalization or 

in a postmortem specimen, OR detection of antibody associated with current illness, OR close 

contact with a confirmed/probable COVID-19 case in the 60 days prior to hospitalization” (AAP, 

2023). 

The CDC delineates a testing algorithm for MIS-C in the outpatient or emergency department setting as 

follows: 

• “Evaluate a child with persistent fever (≥3 days) who is moderately to severely ill with clinical signs 

of organ dysfunction (eg, gastrointestinal, respiratory, cardiac, mucocutaneous or hematologic). 

Initial evaluation should include measurement of vital signs, assessment of perfusion and oxygen 

saturation. Early consultation and coordination with the nearest pediatric infectious disease and 

rheumatology specialist and pediatric referral center for optimal testing and management should 

be considered. Laboratory screening for systemic inflammation may be considered and initial lab 

screenings may include complete blood cell count (CBC) with differential, urine analysis, ESR, and 

CRP, with the addition of ferritin, LDH, comprehensive metabolic panel, pro-BNP, troponin and 

fibrinogen depending on initial clinical suspicion and/or evidence of inflammation on initial lab 

screening. Note that none of these laboratory studies is specific for the diagnosis of MIS-C, so 

even if there is evidence of significant systemic inflammation, alternative diagnoses must still be 

considered (eg, pyelonephritis, appendicitis)” (AAP, 2023). 

For the evaluation of severely ill appearing or hemodynamically fragile patients, they propose that  

“Severely ill-appearing patients and those in compensated shock or shock should be evaluated 

and treated in the emergency department/critical care setting. Transfer to a referral center should 

be arranged. Laboratory tests, as described above, should be performed for initial evaluation 

regardless of duration of fever. Consultation with pediatric subspecialists (infectious diseases, 

cardiology, rheumatology) at a local or regional pediatric referral center should be initiated but 

should not delay transfer to a referral center” (AAP, 2023). 

Testing for hospitalized children is delineated below. 

“Any child sick enough to warrant admission for fever, abdominal pain, diarrhea and/or organ 

dysfunction in whom MIS-C is suspected should be cared for in a hospital with tertiary pediatric/cardiac 

intensive care units. Although decisions about additional testing will be made by the multidisciplinary 

team managing the patient, pediatricians can prepare families for an expanded laboratory and cardiac 

workup that may include: 
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• Chest radiograph, EKG and troponin. If any of these or physical examination is abnormal, then 

consult with pediatric cardiology and consider additional diagnostic testing for myocardial injury 

(echocardiogram and/or cardiac MRI). 

• Expanded laboratory tests including pro-BNP, triglycerides, creatine kinase, amylase, blood and 

urine culture, D-dimer, prothrombin time/partial thromboplastin time (PT/PTT), INR, CRP, ferritin, 

LDH, comprehensive metabolic panel and fibrinogen, if not already conducted. 

• In all cases, COVID-19 testing should be performed with RT-PCR assay and serologic testing. Later 

serology may be needed if all are negative initially. Serologic tests must be sent prior to 

administration of intravenous immunoglobulin (IVIG)” (AAP, 2023). 

American College of Rheumatology (ACR) 

The ACR published guidance regarding MIS-C associated with COVID-19. In it, they list SARS-CoV-2 IgG, 

IgM, and IgA as part of the diagnostic pathway for MIS-C (Henderson, Canna, Friedman, Gorelik, 

Lapidus, Bassiri, Behrens, Ferris, Kernan, Schulert, Seo, MB, et al., 2020). 

In a December 5, 2020 update of the above guidelines, the ACR states that ESR, CRP, and testing for 

SARS-CoV-2 (by PCR or serology) should be considered a “tier 1” (first-line evaluation) for MIS-C 

(Henderson, Canna, Friedman, Gorelik, Lapidus, Bassiri, Behrens, Ferris, Kernan, Schulert, Seo, Son, et al., 

2020).  

In a February 3, 2022 update of the above guideline, the ACR added new information concerning 

immunomodulatory treatment in MIS-C, hyperinflammation in COVID-19, as well as statements on 

thrombotic risk and anticoagulation in MIS-C (Henderson et al., 2022). 

Applicable State and Federal Regulations 

DISCLAIMER: If there is a conflict between this Policy and any relevant, applicable government policy for 

a particular member [e.g., Local Coverage Determinations (LCDs) or National Coverage Determinations 

(NCDs) for Medicare and/or state coverage for Medicaid], then the government policy will be used to 

make the determination. For the most up-to-date Medicare policies and coverage, please visit the 

Medicare search website: https://www.cms.gov/medicare-coverage-database/search.aspx. For the most 

up-to-date Medicaid policies and coverage, please visit the applicable state Medicaid website. 

 

Food and Drug Administration (FDA) 

 

The FDA issued an “Immediately in Effect Guidance on policy for diagnostics testing in laboratories 

certified to perform high complexity testing under CLIA prior to Emergency Use Authorization for 

Coronavirus Disease-2019 during the public health emergency” in February 2020 (FDA, 2022c). This 

policy was updated on 05/11/2020 to state that the “policy is intended to remain in effect only for the 

duration of the public health emergency related to COVID-19 declared by the Secretary of Health and 

Human Services (HHS) on January 31, 2020, effective January 27, 2020, including any renewals made by 

the HHS Secretary in accordance with section 319(a)(2) of the Public Health Service Act (PHS Act) (FDA, 

2022e).” As of October 15, 2021, the FDA had issued 418 different EUAs for COVID-19 testing for either 

in vitro diagnostic products (which includes testing such as point-of-care tests, antibody testing, and 

antigen testing) or high complexity molecular-based laboratory developed tests (FDA, 2021a).  

 

Moreover, within the HR 748, passed as the CARES Act (or Coronavirus Aid, Relief, and Economic 

Security Act) as public law 116-136 on March 27, 2020, there are sections concerning coverage and 

https://nam10.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.cms.gov%2Fmedicare-coverage-database%2Fsearch.aspx&data=05%7C01%7Ccharles.garrett%40avalonhcs.com%7C32380eea387d4e14428c08da86a403ac%7Cb9dd3f7ca7c14e67a4833b491ec656ee%7C0%7C0%7C637970336760779593%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=3ADI6OL4gipiy1RNByNCDuxNkAH%2FCKEdUjkiHFRCjJw%3D&reserved=0
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pricing of diagnostic testing for COVID-19 (US, 2020).  

 

Many labs have developed specific tests that they must validate and perform in house. These laboratory-

developed tests (LDTs) are regulated by the Centers for Medicare and Medicaid (CMS) as high-

complexity tests under the Clinical Laboratory Improvement Amendments of 1988 (CLIA ’88). LDTs are 

not approved or cleared by the U. S. Food and Drug Administration; however, FDA clearance or approval 

is not currently required for clinical use.  

Applicable CPT/HCPCS Procedure Codes 

CPT Code Description 

86318 

Immunoassay for infectious agent antibody(ies), qualitative or semiquantitative, single step 

method (e.g., reagent strip) 

86328 

Immunoassay for infectious agent antibody(ies), qualitative or semiquantitative, single step 

method (e.g., reagent strip); severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 

(Coronavirus disease [COVID-19]) 

86408 

Neutralizing antibody, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 

(Coronavirus disease [COVID19]); screen 

86409 

Neutralizing antibody, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 

(Coronavirus disease [COVID19]); titer 

86413 

Severe acute respiratory syndrome coronavirus 2 (SARSCoV-2) (Coronavirus disease [COVID-

19]) antibody, quantitative 

86769 

Antibody; severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (Coronavirus 

disease [COVID-19]) 

86790 Antibody: virus, not elsewhere specified 

87426 

Infectious agent antigen detection by immunoassay technique, (e.g., enzyme immunoassay 

[EIA], enzyme-linked immunosorbent assay [ELISA], immunochemiluminometric assay 

[IMCA]) qualitative or semiquantitative, multiple-step 

method; severe acute respiratory syndrome coronavirus (e.g., SARS-CoV, SARS-CoV-2 

[COVID-19])  

87428 

Infectious agent antigen detection by immunoassay technique, (e.g., enzyme immunoassay 

[EIA], enzyme-linked immunosorbent assay [ELISA], fluorescence immunoassay [FIA], 

immunochemiluminometric assay [IMCA]) qualitative or semiquantitative; severe acute 

respiratory syndrome coronavirus (e.g., SARS-CoV, SARS-CoV-2 [COVID-19]) and influenza 

virus types A and B 

87631 

Infectious agent detection by nucleic acid (DNA or RNA); respiratory virus (e.g., adenovirus, 

influenza virus, coronavirus, metapneumovirus, parainfluenza virus, respiratory syncytial 

virus, rhinovirus), includes multiplex reverse transcription, when performed, and multiplex 

amplified probe technique, multiple types or subtypes, 3-5 targets 

87632 

Infectious agent detection by nucleic acid (DNA or RNA); respiratory virus (e.g., adenovirus, 

influenza virus, coronavirus, metapneumovirus, parainfluenza virus, respiratory syncytial 

virus, rhinovirus), includes multiplex reverse transcription, when performed, and multiplex 

amplified probe technique, multiple types or subtypes, 6-11 targets 

87633 

Infectious agent detection by nucleic acid (DNA or RNA); respiratory virus (e.g., adenovirus, 

influenza virus, coronavirus, metapneumovirus, parainfluenza virus, respiratory syncytial 

virus, rhinovirus), includes multiplex reverse transcription, when performed, and multiplex 

amplified probe technique, multiple types or subtypes, 12-25 targets  
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CPT Code Description 

87635 

Infectious agent detection by nucleic acid (DNA or RNA); severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2) (Coronavirus disease [COVID-19]), amplified probe technique 

87797 

Infectious agent detection by nucleic acid (DNA or RNA), not otherwise specified; direct 

probe technique, each organism 

87798 

Infectious agent detection by nucleic acid (DNA or RNA), not otherwise specified; amplified 

probe technique, each organism 

87799 

Infectious agent detection by nucleic acid (DNA or RNA), not otherwise specified; 

quantification, each organism 

87811 

Infectious agent antigen detection by immunoassay with direct optical (i.e., visual) 

observation; severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (Coronavirus 

disease [COVID-19]) 

0115U 

Respiratory infectious agent detection by nucleic acid (DNA and RNA), 18 viral types and 

subtypes and 2 bacterial targets, amplified probe technique, including multiplex reverse 

transcription for RNA targets, each analyte reported as detected or not detected 

Proprietary test: ePlex Respiratory Pathogen (RP) Panel 

Lab/Manufacturer: GenMark Diagnostics, Inc 

0202U 

Infectious disease (bacterial or viral respiratory tract infection), pathogen specific nucleic 

acid (DNA or RNA), 22 targets including severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2), qualitative RT-PCR, nasopharyngeal swab, each pathogen reported as 

detected or not detected  

Proprietary test: BioFire® Respiratory Panel 2.1 (RP2.1) 

Lab/Manufacturer: BioFire®Diagnostics, LLC 

0223U 

Infectious disease (bacterial or viral respiratory tract infection), pathogen-specific nucleic 

acid (DNA or RNA), 22 targets including severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2), qualitative RT-PCR, nasopharyngeal swab, each pathogen reported  

as detected or not detected 

Proprietary test: QIAstat-Dx Respiratory SARS CoV-2 Panel 

Lab/Manufacturer: QIAGEN Sciences 

0224U 

Antibody, severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2) (Coronavirus 

disease [COVID-19]), includes titer(s), when 

performed 

Proprietary test: COVID-19 Antibody Test  

Lab/Manufacturer: Mt Sinai, Mount Sinai Laboratory 

0225U 

Infectious disease (bacterial or viral respiratory tract infection) pathogen-specific DNA and 

RNA, 21 targets, including severe acute respiratory syndrome coronavirus 2 (SARSCoV-2), 

amplified probe technique, including multiplex reverse transcription for RNA targets, each 

analyte reported as detected or not detected 

Proprietary test: ePlex® Respiratory Pathogen Panel 2 

Lab/Manufacturer: GenMark Dx/GenMark Diagnostics, Inc 

0226U 

Surrogate viral neutralization test (sVNT), severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2) (Coronavirus disease [COVID-19]), ELISA, plasma, serum 

Proprietary test: Tru-Immune™  

Lab/Manufacturer: Ethos Laboratories/GenScript® USA Inc 

0408U 

Infectious agent antigen detection by bulk acoustic wave biosensor immunoassay, severe 

acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (coronavirus disease [COVID-19])  

Proprietary test: Omnia™ SARS-CoV-2 Antigen Test  
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CPT Code Description 

Lab/Manufacturer: Qorvo Biotechnologies 

C9803 

Hospital outpatient clinic visit specimen collection for severe acute respiratory syndrome 

coronavirus 2 (sars-cov-2) (coronavirus disease [covid-19]), any specimen source 

G2023 

Specimen collection for severe acute respiratory syndrome coronavirus 2 (sars-cov-2) 

(coronavirus disease [covid-19]), any specimen source 

G2024 

Specimen collection for severe acute respiratory syndrome coronavirus 2 (sars-cov-2) 

(coronavirus disease [covid-19]) from an individual in a SNF or by a laboratory on behalf of a 

HHA, any specimen source 

U0001 CDC Novel Coronavirus (2019-nCoV) Real-Time RT-PCR Diagnostic Panel 

U0002 Non-CDC laboratory test for 2019-nCoV (COVID-19), any method 

U0003 

Infectious agent detection by nucleic acid (DNA or RNA); severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2) (Coronavirus disease [COVID-19]), amplified probe technique, 

making use of high throughput technologies as described by CMS-2020-01-R 

U0004 

2019-nCoV Coronavirus, SARS-CoV-2/2019-nCoV (COVID-19), any technique, multiple types 

or subtypes (includes all targets), non-CDC, making use of high throughput technologies as 

described by CMS-2020-01-R 

U0005 

Infectious agent detection by nucleic acid (DNA or RNA); severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2) (Coronavirus disease [COVID-19]), amplified probe technique, 

CDC or non-CDC, making use of high throughput technologies, completed within two 

calendar days from date and time of specimen collection. (List separately in addition to 

either HCPCS code U0003 or U0004) 

Current Procedural Terminology© American Medical Association. All Rights reserved. 

Procedure codes appearing in Medical Policy documents are included only as a general reference tool for 

each policy. They may not be all-inclusive. 
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CC1-CC5 edited for clarity and consistency. Order of CC9 (antigen) and 10 (PCR) reversed 

to match with order of allowed panel sizes for PCR and antigen in CC6 (PCR) and 7 

(antigen). Panel sizes not allowed are now PCR followed by antigen.  

Removed CC1.c. “c) For asymptomatic individuals prior to undergoing 

immunosuppressive or aerosol-producing procedures.” As new guidelines specify that 

asymptomatic screening for those without a known exposure is not supported, even if 

they are going to undergo these types of procedures. 

New CC12: “12) In the outpatient setting, SARS-CoV-2 genotyping DOES NOT MEET 

COVERAGE CRITERIA.” 

Addition of disclaimer to the beginning of the “Indications and/or Limitations of 

Coverage” Section: “This policy only addresses testing for the purpose of medical 

decision making in the outpatient setting. This policy does not address work, school, 

state, or federally mandated SARS-CoV-2 testing.” 

12/07/2022 Reviewed and Updated: Updated the background, guidelines and recommendations, and 

evidence-based scientific references. Literature review did not necessitate any 

modifications to coverage criteria. The following edits were made for clarity: 

CC11 changed to “11) For all other situations not described above, host antibody 

serology testing DOES NOT MEET COVERAGE CRITERIA.” which resulted in the removal of 

CC12, as all situations for host antibody serology testing would be covered by the 

rewording of CC11 

All other CC aside from what is now CC13 were edited for clarity and consistency 

06/14/2022 Annual Review: Updated the background, guidelines and recommendations, and 

evidence-based scientific references. Guideline updates necessitated the following 

coverage criteria changes. 

Removed 1 d and e “d. In individuals who are not up to date with their COVID-19 

vaccines and who are prioritized for expanded community screening for COVID-19 e. In 

individuals, regardless of vaccination status, who have been asked or referred to get 

testing by their school, workplace, or healthcare provider, or by their state, tribal, local, or 

territorial health department.” 

Removed ICD-10 Z28.311 and Z28.39 

03/09/2022 Off-cycle review: Updated the background, guidelines and recommendations, and 

evidence-based scientific references. Guideline updates necessitated the following 

coverage criteria changes: 

CC1 a, b, c edited for clarity, addition of "In" before description  

Addition of "EXCEPT when the individual has had a previous COVID-19 infection within 

the last 90 days" to CC: "b) In asymptomatic individuals with known exposure to COVID-

19, EXCEPT when the individual has had a previous COVID-19 infection within the last 90 

days." 

Addition of CC1d, 1e: 

d) In individuals who are not up to date with their COVID-19 vaccines and who are 

prioritized for expanded community screening for COVID-19 

e) In individuals, regardless of vaccination status, who have been asked or referred 

to get testing by their school, workplace, or healthcare provider, or by their state, tribal, 

local, or territorial health department.  

ICD-10 Changes –Added: Z28.311 and Z28.39 (cc1.d.) 
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12/08/2021 Off-cycle review: Updated the background, guidelines and recommendations, and 

evidence-based scientific references. Literature review did not necessitate any coverage 

criteria changes. 

09/01/2021 Off-cycle review: Updated the background, guidelines and recommendations, and 

evidence-based scientific references. Literature review did not necessitate any coverage 

criteria changes. 

2022 ICD-10 update: Removed R05; Added R05.1, R05.2, R05.3, R05.4, R05.8, R05.9 

06/02/2021 Off-cycle review: Updated the background, guidelines and recommendations, and 

evidence-based scientific references. Literature review necessitated the following changes 

to coverage criteria: 

Addition per CAB decision: 

Whole genome sequencing of paired specimens from distinct lineages (as defined in 

Nextstrain or GISAID) DOES NOT MEET COVERAGE CRITERIA to diagnose SARS -CoV-2 

reinfection. 

Addition of PASC as MCC per CDC to CC4. 

03/03/2021 Off-cycle review: Updated the background, guidelines and recommendations, and 

evidence-based scientific references. Literature review did not necessitate any coverage 

criteria changes. 

12/02/2020 Off-cycle review: Updated the background, guidelines and recommendations, and 

evidence-based scientific references. Literature review necessitated the following 

coverage criteria changes based on the 2020 CDC case series report: 

Added coverage for host antibody serology testing for assistance with diagnosis of 

Multisystem Inflammatory Syndrome in Adults (MIS-A) along with corresponding notes. 

• Host antibody serology testing to support a diagnosis of Multisystem 

Inflammatory Syndrome in Children (MIS-C) or Multisystem Inflammatory 

Syndrome in Adults (MIS-A) MEETS COVERAGE CRITERIA. (See Notes 2 and 

3).   

Added “in symptomatic individuals” to the following CC for clarity: 

• The use of an antigen-detecting diagnostic test in symptomatic individuals, 

including antigen rapid tests, for SARS-CoV-2, MEETS COVERAGE CRITERIA.   

Added reference to MIS-A “or MIS-A testing in adults” to CC10 for clarity: 

• Host antibody serology testing to diagnose an acute suspected COVID-19 

(SARS-CoV-2) infection or any other human coronavirus infection DOES NOT 

MEET COVERAGE CRITERIA (except for MIS-C testing in children or MIS-A 

testing in adults). 

Added coverage criteria regarding “antigen panel testing”: 

7. Antigen panel testing of up to 5 antigens MEETS COVERAGE CRITERIA for patients with 

signs and symptoms of a respiratory tract infection, as evidenced by a compatible clinical 

syndrome including at least one of the following: temperature of 102 or greater, 

pronounced dyspnea, tachypnea, or tachycardia. 

8. Antigen panel testing of 6 or more antigens DOES NOT MEET COVERAGE CRITERIA. 

Updated Note 1 per latest CDC and WHO guidelines: 

• Note 1: Signs and symptoms associated with a possible COVID-19 infection 

can include a fever, cough, fatigue,  shortness of breath or difficulty 
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breathing, congestion or runny nose, fever, chills, muscle pain, headache, 

sore throat, new loss of taste or smell, nausea, vomiting, diarrhea, 

conjunctivitis, rash on skin or discoloration of fingers or toes (CDC, 2020o; 

WHO, 2020j). 

Added Note 3: 

Note 3: According to the CDC, evidence of possible MIS-A includes (Morris et al., 2020): 

• a severe illness requiring hospitalization in a person aged ≥21 years; 

• a positive test result for current or previous SARS-CoV-2 infection (nucleic acid, antigen, 

or antibody) during admission or in the previous 12 weeks. 

• severe dysfunction of one or more extrapulmonary organ systems (e.g., hypotension or 

shock, cardiac dysfunction, arterial or venous thrombosis or thromboembolism, or acute 

liver injury);  

• laboratory evidence of severe inflammation (e.g., elevated CRP, ferritin, D-dimer, or 

interleukin-6); 

• absence of severe respiratory illness (to exclude patients in which inflammation and 

organ dysfunction might be attributable simply to tissue hypoxia). 

Added CPTs 87428, 87811, and U0005 

09/08/2020 Off-cycle review: Updated the background, guidelines and recommendations, and 

evidence-based scientific references. Literature review necessitated the addition of the 

following coverage criterion based on the 2020 CDC and 2020 IDSA guidelines: 

“Neutralization antibody testing for SARS-CoV-2 DOES NOT MEET COVERAGE 

CRITERIA for any indications”. 

Based on the 2020 CDC and 2020 NIH guidelines, the coverage criterion that previously 

read: 

“The use of an antigen-detecting diagnostic or screening test, including antigen rapid 

tests, for any human coronavirus DOES NOT MEET COVERAGE CRITERIA.” 

Has been changed to: 

“The use of an antigen-detecting diagnostic test, including antigen rapid tests, for SARS-

CoV-2, MEETS COVERAGE CRITERIA.” 

And re-ordered according to Avalon protocol. Deleted the phrase “according to the CDC 

guidelines” from CC1. 

CPT changes: added: 87426, 86408, 86409, 86413, 0223U, 0224U, 0225U, 0226U, C9803 

Removed: 87299 Infectious agent antigen detection by immunofluorescent technique; 

not otherwise specified, each organism 

05/26/2020 Initial presentation 
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Policy Description 

Diabetes describes several heterogeneous diseases in which various genetic and environmental factors 

can result in the progressive loss of β-cell mass and/or function that manifests clinically as 

hyperglycemia (Skyler et al., 2017).  

Fasting plasma glucose (FPG) and oral glucose tolerance testing (OGTT) can be used in the diagnosis of 

diabetes mellitus. FPG is obtained from blood after a typically overnight period of not eating, whereas 

the OGTT is performed to understand an individual’s response to a concentrated solution of glucose 

after two hours, typically in the setting of pregnancy (MayoClinic, 2022). In an asymptomatic individual, 

fasting plasma glucose ≥ 126 mg/dL or two-hour plasma glucose values of ≥200 mg/dL during a 75 g 

OGTT establish a diagnosis of diabetes. In reference to A1c values, individuals with percentages 5.7 to 

<6.5% are at highest risk. Additionally, there is a continuum of increasing risk amongst individuals with 

A1c levels <6.5% (Inzucchi & Lupsa, 2023). These assays are identified to be affordable alternatives to 

the more costly yet more convenient HbA1c level, and are more often used in the diagnosis of type 2 

diabetes mellitus (Hayward & Selvin, 2022).  

Glycated hemoglobin (A1c) results from post-translational attachment of glucose to the hemoglobin in 

red blood cells at a rate dependent upon the prevailing blood glucose concentration. Therefore, these 

levels correlate well with glycemic control over the previous eight to twelve weeks (Selvin, 2022). The 
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measurement of hemoglobin A1c is recommended for diabetes management, including screening, 

diagnosis, and monitoring for diabetes and prediabetes. 

Related Policies 

Policy Number Policy Title 

AHS-G2035 Prenatal Screening (Nongenetic) 

Indications and/or Limitations of Coverage 

Application of coverage criteria is dependent upon an individual’s benefit coverage at the time of the 

request. Specifications pertaining to Medicare and Medicaid can be found in the “Applicable State and 

Federal Regulations” section of this policy document.  

1) For individuals with acute or persistent classic symptoms of diabetes mellitus (see Note 1), 

measurement of plasma glucose MEETS COVERAGE CRITERIA.  

2) For individuals with a diagnosis of either type 1 or type 2 diabetes mellitus, measurement of 

hemoglobin A1c MEETS COVERAGE CRITERIA in any of the following situations: 

a) Upon initial diagnosis to establish a baseline value and to determine treatment goals. 

b) Twice a year (every 6 months) in individuals who are meeting treatment goals and who, based on 

daily glucose monitoring, appear to have stable glycemic control. 

c) Quarterly in individuals who are not meeting treatment goals for glycemic control. 

d) Quarterly in individuals whose pharmacologic therapy has changed. 

3) For prediabetic individuals, annual screening for type 2 diabetes with a fasting plasma glucose test or 

measurement of hemoglobin A1c MEETS COVERAGE CRITERIA. 

4) For asymptomatic individuals who are 35 years of age or older and who have no risk factors for 

diabetes, screening for prediabetes or type 2 diabetes once every three years with a fasting plasma 

glucose test MEETS COVERAGE CRITERIA.  

5) For individuals 18 years of age or older, screening once every three years for prediabetes or type 2 

diabetes with a fasting plasma glucose test or measurement of hemoglobin A1c MEETS COVERAGE 

CRITERIA for individuals with any of the following risk factors:  

a) For individuals who are overweight or obese. 

b) For first-degree relatives (see Note 2) of individuals with diabetes. 

c) For individuals with a history of cardiovascular disease. 

d) For individuals with hypertension. 

e) For individuals with hypercholesterolemia. 

f) For individuals with metabolic syndrome. 

g) For individuals who are obese and have acanthosis nigricans.  

h) For individuals with polycystic ovary syndrome. 
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i) For individuals who were previously diagnosed with gestational diabetes mellitus (GDM). 

6) For individuals who are positive for HIV, screening for diabetes and prediabetes with a fasting plasma 

glucose test MEETS COVERAGE CRITERIA in any of the following situations: 

a) For individuals starting antiretroviral therapy (ART). 

b) For individuals switching their ART. 

c) 3-6 months after starting or switching antiretroviral therapy. 

d) Annually when screening results were initially normal. 

7) For individuals 10 years of age and older who have been diagnosed with cystic fibrosis (CF) but not 

with CF-related diabetes, annual screening for CF-related diabetes with an OGTT MEETS COVERAGE 

CRITERIA. 

8) For overweight or obese individuals less than 18 years of age, diabetes screening once every three 

years with a fasting plasma glucose test, an OGTT, or measurement of hemoglobin A1c MEETS 

COVERAGE CRITERIA for individuals with any of the following risk factors: 

a) The individual has a maternal history of diabetes or gestational diabetes mellitus during the 

child’s gestation. 

b) The individual has a family history of type 2 diabetes in first- or second-degree relatives (see Note 

2). 

c) The individual has signs of insulin resistance or conditions associated with insulin resistance 

(acanthosis nigricans, hypertension, dyslipidemia, polycystic ovary syndrome, or small-for-

gestational-age birth weight). 

9) For pregnant individuals, a fasting plasma glucose test or an OGTT up to once per month during 

pregnancy MEETS COVERAGE CRITERIA. 

10) For individuals diagnosed with GDM during pregnancy, an OGTT MEETS COVERAGE CRITERIA in any 

of the following situations: 

a) To screen for persistent diabetes or prediabetes 4-12 weeks postpartum. 

b) For individuals with a positive initial postpartum screening result, repeat screening to confirm a 

diagnosis of persistent diabetes or prediabetes. 

11) For all other situations not addressed above, fasting plasma glucose testing at a wellness visit with no 

abnormal findings DOES NOT MEET COVERAGE CRITERIA. 

12) For all other situations not previously described (see Note 3), measurement of hemoglobin A1c DOES 

NOT MEET COVERAGE CRITERIA. 

 

NOTES: 

Note 1: According to the American Diabetes Association (ADA), measurement of plasma glucose is 

sufficient to diagnose diabetes mellitus in a patient with classic symptoms (polyuria, polyphagia, 

polydipsia).  
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Note 2: First-degree relatives include parents, full siblings, and children of the individual. Second-degree 

relatives include grandparents, aunts, uncles, nieces, nephews, grandchildren, and half-siblings of the 

individual.  

Note 3: Measurement of hemoglobin A1c should not be performed in any of the following situations: 

1) To test for diabetes in individuals presenting with acute or persistent classic symptoms of diabetes 

mellitus. 

2) In pregnant individuals without an established diagnosis of diabetes or prediabetes. 

3) To screen for diabetes in individuals diagnosed with cystic fibrosis.  

4) In conjunction with measurement of fructosamine. 

5) In individuals with a condition associated with increased red blood cell turnover (e.g., individuals 

with sickle cell disease or who are HIV positive, individuals receiving hemodialysis or erythropoietin 

therapy or who have had recent blood loss or a transfusion). 

Table of Terminology 

Term Definition 

1,5AG 1,5-Anhydroglucitol  

2-h PG 2-h plasma glucose  

A1c Glycated hemoglobin  

AACE American Association of Clinical Endocrinologists 

AAFP American Academy of Family Physicians 

ACE American College of Endocrinology  

ACP American College of Physicians  

ADA American Diabetes Association  

aRR Adjusted risk ratios  

ARV Antiretroviral  

BMI Body mass index  

BP Blood pressure 

CAP College of American Pathologists  

CF Cystic fibrosis 

CFPD Cystic fibrosis-related prediabetes  

CFRD Cystic fibrosis-related diabetes  

CHF Congestive heart failure 

CKD Chronic kidney disease  

CMS Centers For Medicare and Medicaid Services 

COVID-19 Coronavirus 19 

CV Coefficient of variation  

CVA Cerebrovascular accident 

CVD Cardiovascular disease 

DCCT Diabetes Control and Complications Trial  

FA Fructosamine 

FDA Food and Drug Administration 

FPG Fasting plasma glucose  

GA Glycated albumin  

GCT Glucose challenge test 

GDM Gestational diabetes mellitus  



   Page 5 of 27 

HbA1c Hemoglobin A1C/Glycated hemoglobin 

HDL High-density lipoprotein 

HIV/AIDS Human immunodeficiency virus, acquired immunodeficiency syndrome 

HPLC High-performance liquid chromatography 

IFCC International Federation of Clinical Chemistry  

IFG Impaired fasting glucose 

IGT Impaired glucose tolerance 

IHD Ischemic heart disease 

ISPAD International Society for Pediatric and Adolescent Diabetes 

KDIGO Kidney Disease: Improving Global Outcomes Diabetes Working Group 

LDTs Laboratory developed tests  

MACE Major adverse cardiovascular events  

MODY Maturity-onset diabetes of the young  

NACB National Academy of Clinical Biochemistry  

NGSP National Glycohemoglobin Standardization Program  

NICE National Institute for Health and Care Excellence  

OGTT Oral glucose tolerance test  

OR Odds ratio  

POC Point of care  

ROC-AUC Receiver operative characteristic, area under the curve 

SES Socioeconomic status 

SMBG Self-monitoring of blood glucose 

T1D Type 1 Diabetes  

TIA Transient ischemic attack  

USPSTF United States Preventive Services Task Force  

WHO World Health Organization  

Scientific Background 

Diabetes is a major health concern in the United States. According to the Centers for Disease Control 

and Prevention : 

• Prevalence: In 2019, 37.3 million Americans, or 11.3% of the population, had diabetes. 

Approximately 1.9 million American children and adults have type 1 diabetes, including about 

244,000 children and adolescents. 

• Diagnosed and undiagnosed: Of the 37.3 million, 28.7 million were diagnosed, and 8.5 million 

were undiagnosed. 

• Prevalence in seniors: The percentage of Americans aged 65 and older remains high, at 29.2%, or 

15.9 million seniors (diagnosed and undiagnosed). 

• New cases: 1.4 million Americans are diagnosed with diabetes every year. 

• Prediabetes: In 2019, 96 million Americans aged eighteen and older had prediabetes.  

• Deaths: Diabetes remains the 7th leading cause of death in the United States in 2019, with 87,647 

death certificates listing it as the underlying cause of death, and a total of 282,801 death 

certificates listing diabetes as a cause of death. 

• Total economic cost of diabetes care in the United States: $327 billion in 2017 (ADA, 2022; CDC, 

2020). 

Diabetes can be classified into the following categories: 
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• “Type 1 diabetes (due to autoimmune β-cell destruction, usually leading to absolute insulin 

deficiency)” 

• “Type 2 diabetes (due to a progressive loss of β-cell insulin secretion frequently on the 

background of insulin resistance)” 

• “Gestational diabetes mellitus (GDM) (diabetes diagnosed in the second or third trimester of 

pregnancy that was not clearly overt diabetes prior to gestation)” 

• “Specific types of diabetes due to other causes, e.g., monogenic diabetes syndromes (such as 

neonatal diabetes and maturity-onset diabetes of the young [MODY]), diseases of the exocrine 

pancreas (such as cystic fibrosis and pancreatitis), and drug- or chemical-induced diabetes (such 

as with glucocorticoid use, in the treatment of HIV/AIDS, or after organ transplantation)” (ElSayed 

et al., 2023a). The diagnosis of diabetes mellitus is easily established when a patient presents with 

classic symptoms of hyperglycemia, which include polyuria, polydipsia, nocturia, blurred vision, 

and, infrequently, weight loss. The frequency of symptomatic diabetes has been decreasing in 

parallel with improved efforts to diagnose diabetes earlier through screening. Increasingly, the 

majority of patients are asymptomatic, and hyperglycemia is noted on routine laboratory 

evaluation, prompting further testing (Inzucchi & Lupsa, 2023). 

Glycated hemoglobin A1c (also known as HbA1c, A1c, glycohemoglobin, or hemoglobin A1c) testing 

plays a key role in the management of diabetes. New hemoglobin enters circulation with minimal 

glucose attached. However, glucose irreversibly binds to hemoglobin based on the surrounding blood 

glucose concentration. Therefore, A1c is considered a measure of blood glucose level, albeit an indirect 

one. It is best correlated with the mean glucose level over the last eight to twelve weeks as red blood 

cells experience significant turnover. Various factors may affect the reliability of A1c (atypical 

hemoglobins or hemoglobinopathies, chronic kidney disease, et al.), but most assays have been 

standardized to the Diabetes Control and Complications Trial (DCCT) standard, which “estimated the 

mean blood glucose concentrations derived from seven measurements a day (before and ninety 

minutes after each of the three major meals, and before bedtime), performed once every three months 

and compared the average glucose concentration with A1c values in patients with type 1 diabetes“ 

(Selvin, 2022).  

The HbA1c assay provides information about the degree of long-term glucose control (Nathan et al., 

1984), and has been recommended for the diagnosis and monitoring of diabetes (ElSayed et al., 2023a; 

IEC, 2009). Various methods of HbA1c measurement include chromatography based HPLC assay, 

boronate affinity, antibody-based immunoassay, and enzyme based enzymatic assay (Kanyal Butola et 

al., 2021). Long term blood sugar control has been associated with decreased risk of retinopathy, 

nephropathy, neuropathy, and cardiovascular disease, peripheral arterial, cerebrovascular disease 

(Hanssen et al., 1992) and myocardial fibrosis in adults with diabetes (Al-Badri et al., 2018). Higher 

HbA1c variability has been associated with higher all-cause mortality in patients with Type 2 Diabetes 

(Gu et al., 2018).  

Fasting plasma glucose is a method of glucose monitoring that measures an individual’s glucose level 

typically in a period defined with no caloric intake for eight hours or more. Its usage in the diagnosis of 

diabetes lies primarily in gestational diabetes, along with the oral glucose tolerance test, but HbA1c, 

fasting plasma glucose, or oral glucose tolerance tests with their respective positive results can be used 

in diagnosing diabetes mellitus in nonpregnant individuals as well. To diagnose diabetes in 

asymptomatic individuals, a fasting plasma glucose has to be ≥ 126 mg/dL. For diagnosing prediabetes, 

an individual may have “impaired fasting glucose,” which would present with a range of 100-125 mg/dL 

(Hayward & Selvin, 2022; Inzucchi & Lupsa, 2023).  



   Page 7 of 27 

The oral glucose tolerance test (OGTT) can be more inconvenient and used in the setting to diagnose 

gestational diabetes mellitus (GDM). Normally, 75g of glucose is ingested by the patient, and if the 

patient has a two-hour plasma glucose value of ≥200 mg/dL, a diagnosis of diabetes can be made. The 

test can also be performed at one hour with 50g oral glucose, with positive GDM diagnostic results 

between 130-140 mg/dL as part of a two-step approach with the three-hour 100g test, which can be 

diagnostic of GDM with two elevated values. For prediabetes with an accompanied “impaired glucose 

tolerance,” a two-hour plasma glucose value between 140-199 mg/dL is used. However, the WHO 

requires an additional FPG <126 in addition to the two hour plasma glucose value to establish impaired 

glucose tolerance (Durnwald, 2023; Hayward & Selvin, 2022). 

Analytical Validity 

The International Federation of Clinical Chemistry and Laboratory Medicine (IFCC) Working Group on 

HbA1c Standardization has developed a reference measurement system and the measurement of HbA1c 

is currently well-standardized (Hoelzel et al., 2004), and a sound reference system is in place to ensure 

continuity and stability of the analytical validity of HbA1c measurement (Weykamp et al., 2008). In 

contrast, plasma glucose concentration remains difficult to assay with consistent accuracy (Gambino, 

2007). HbA1c has greater analytical stability (consistency with repetitive sample testing) and less day-to-

day variability than either the fasting plasma glucose (FPG)or two-hour PG (Petersen et al., 2005; 

Rohlfing et al., 2002). For any given individual, the HbA1c exhibits little short-term biologic variability; its 

coefficient of variation (CV) is 3.6%, compared to FPG (CV of 5.7%) and 2-h PG (CV of 16.6%) (Malkani & 

Mordes, 2011; Selvin et al., 2007).  

A sample proficiency testing survey performed by the National Glycohemoglobin Standardization 

Program (NGSP) and College of American Pathologists (CAP) evaluated the accuracy of A1c assays. The 

survey found that “method-specific, between-laboratory CV’s ranged from 0.7% to 4.0%” and 

“approximately 85% of laboratories are using methods with CVs <3% at all five HbA1c levels.” The 

survey also noted the current pass limit was ±6%, but using a pass rate of 97.1% to 98.0% of labs passed 

(NGSP, 2023). 

 

Clinical Utility and Validity 

Testing A1c, FPG, and 2-h PG measure different aspects of glycemia and are frequently discordant for 

diagnosing diabetes. A1c ≥6.5% identifies fewer individuals as having diabetes than glucose-based 

criteria; however, a recent study concluded that twelve percent of patients can be misclassified with 

respect to diabetes diagnosis due to laboratory instrument error in measuring glucose (Miller et al., 

2008). The New Hoorn Study analyzed the diagnostic properties of the A1c, using OGTT as the 

diagnostic criterion (van 't Riet et al., 2010). The analysis suggested that an A1c of 5.8% had a sensitivity 

of 72% and specificity of 91%. This compares with specificity of 24% and sensitivity of 99% for the A1c 

cut point of 6.5%. On the other hand, the 6.5% cut point had a positive predictive value of 93%, 

compared with a positive predictive value of only 24% for a cut-point of 5.8% (Malkani & Mordes, 2011). 

When using the reference diagnosis of diabetes being a two-hour blood glucose >200 mg/dL (11.1 

mmol/L) during an OGTT, the specificity of FPG ≥126 mg/dL was >95% and sensitivity about 50%, with 

possibly lower sensitivities and specificities for individuals over sixty-five years (Blunt et al., 1991). With 

the same OGTT reference, the specificity and sensitivity of an A1c ≥6.5%, as per diagnosis of diabetes, 

were reported as 79% and 44%, respectively (Kramer et al., 2010).  
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Cowie et al. (2010) “examined prevalence’s of previously diagnosed diabetes and undiagnosed diabetes 

and high risk for diabetes using recently suggested A1c criteria in the U.S. during 2003–2006. We 

compared these prevalence’s to those in earlier surveys and those using glucose criteria.” 14,611 

individuals were included (completed a household interview) and classified for diagnosed diabetes and 

by A1c, fasting, and 2-h glucose challenge values. Diagnostic values for A1c were ≥6.5% for 

“undiagnosed” diabetes and 6%-6.5% for “high risk” of diabetes. The authors found that by these A1c 

diagnostic values, the “crude prevalence” of diabetes in adults older than twenty years was 20.4 million, 

of which nineteen percent went undiagnosed based on A1c ≥ 6.5%. The authors then stated that the 

A1c criteria only diagnosed thirty percent of the undiagnosed diabetic group (Cowie et al., 2010). 

Mamtora et al. (2021) assessed the clinical utility of point of care (POC) HbA1c testing in the 

ophthalmology outpatient setting. Forty-nine patients with diabetic retinopathy underwent POC HbA1c 

testing and blood pressure measurement. Of the forty-nine patients, 81.6% had POC readings above the 

recommended HbA1c levels and only 16.3% of these patients were aware of their elevated HbA1c levels. 

Fourteen patients (33.3%) with high HbA1c readings were referred to secondary diabetic services and 

88.8% of patients felt like the test was useful. The authors suggest that POC HbA1c testing is a "cost-

effective, reproducible and clinically significant tool for the management of diabetes in an outpatient 

ophthalmology setting, allowing the rapid recognition of high-risk patients and appropriate referral to 

secondary diabetic services" (Mamtora et al., 2021).  

Goodney et al. (2016) evaluated the consistency of A1c testing of diabetes patients and its effect on 

cardiovascular outcomes. The study included 1574415 Medicare patients with diabetes mellitus, and the 

consistency of testing was separated into three categories: “low (testing in zero or one of three years), 

medium (testing in two of three years), and high (testing in all three years).” Approximately 70.2% of 

patients received high-consistency testing, 17.6% received medium-consistency, and 12.2% received 

low-consistency. Major adverse cardiovascular events (MACE) included “death, myocardial infarction, 

stroke, amputation, or the need for leg revascularization.” Low-consistency patients was associated with 

death or other adverse events (hazard ratio: 1.21). The authors concluded that “consistent annual 

hemoglobin A1c testing is associated with fewer adverse cardiovascular outcomes in this observational 

cohort of Medicare patients of diabetes mellitus” (Goodney et al., 2016). 

The GOAL study (Al Mansari et al., 2018) used A1c to assess diabetes control in a real-world practice 

study aimed to assess predictive factors for achieving the glycemic hemoglobin A1c (HbA1c) at six 

months as targeted by the treating physician in adults with type 2 diabetes. In this study, 2704 patients 

with a mean A1c of 9.7% were enrolled. After six months, lower baseline A1c (≥ 8.5% vs <7%) was found 

to be a predictive factor for achieving glycemic control. The authors also observed “absolute changes in 

the mean HbA1c of −1.7% and −2% were observed from baseline to six and twelve months, 

respectively” (Al Mansari et al., 2018).  

Mitsios et al. (2018) evaluated the association between A1c and stroke risk. Twenty-nine studies 

(n=532779) were included. The authors compared the non-diabetic A1c range (<5.7%) to the diabetic 

range (≥6.5%) and found that the diabetic range was associated with a 2.15-fold increased risk of first-

ever stroke. The pre-diabetes range of 5.7%-6.5% was also not associated with first-ever stroke. The 

authors also observed that for every one percent increase in A1c, the hazard ratio of first-ever stroke 

increased (1.12-fold for non-diabetic ranges, 1.17 for diabetic ones). This increased risk was also seen for 

ischemic stroke, with a hazard ratio of 1.49 for non-diabetic ranges and 1.24 for diabetic ranges (Mitsios 

et al., 2018). 
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Ludvigsson et al. (2019) evaluated the association between preterm birth risk and periconceptional 

HbA1c levels in pregnant individuals with type 1 diabetes (T1D). Preterm birth was defined as <37 weeks 

and several secondary outcomes were also examined, which were “neonatal death, large for gestational 

age, macrosomia, infant birth injury, hypoglycemia, respiratory distress, five-minute Apgar score less 

than seven, and stillbirth”. A total of 2474 singletons born to individuals with T1D and 1165216 reference 

infants (children born to mothers without T1D) were included. The authors identified 552 preterm births 

in the T1D cohort (22.3%) compared to 54287 in the control cohort (4.7%). Incidences of preterm birth 

were measured at several separate thresholds, including <6.5%, 6.5%-7.8%, 7.8%-9.1%, and >9.1%. The 

T1D cohort’s adjusted risk ratios (aRR) of preterm birth compared to the control cohort were as follows: 

2.83 for <6.5%, 4.22 for 6.5%-7.8%, 5.56 for 7.8%-9.1%, and 6.91 for >9.1%. The corresponding aRRs for 

“medically indicated preterm birth” (n=320) were 5.26, 7.42, 11.75 and 17.51, respectively. Increased 

HbA1c levels were also found to be associated with the secondary clinical outcomes. The authors 

concluded that “the risk for preterm birth was strongly linked to periconceptional HbA1c levels 

(Ludvigsson et al., 2019). 

Saito et al. (2019) examined the association of HbA1c variability (defined as visit-to-visit) and later onset 

of malignancies. The authors included 2640 patients fifty years or older, with diabetes. A total of 330 

patients (12.5%) developed malignancies during follow-up. The authors stratified the patients into 

quartiles of glycemic variability (defined as standard deviation of HbA1c) and found a “dose-dependent 

association with tumorigenesis” in the three highest quartiles. The odds ratios were as follows: 1.20 for 

the second quartile, 1.43 for the third, and 2.19 for the highest. The authors concluded that “these 

results demonstrated that visit-to-visit HbA1c variability is a potential risk factor for later tumorigenesis. 

The association may be mediated by oxidative stress or hormone variability (Saito et al., 2019). 

Mañé et al. (2019) evaluated the “suitability of first-trimester fasting plasma glucose and HbA1c levels in 

non-diabetic range to identify [individuals] without diabetes at increased pregnancy risk”. Primary 

outcomes were defined as “macrosomia and pre-eclampsia” and secondary outcomes were defined as 

“preterm delivery, Caesarean section and large-for-gestational age”. A total of 1228 pregnancies were 

included. Pregnant individuals with an HbA1c of ≥5.8% were found to have an increased risk of 

marcosomia (odds ratio [OR] = 2.69), an HbA1c of ≥5.9% was found to be associated with a three-fold 

risk of pre-eclampsia, and an HbA1c of ≥6% was found to be associated with a four-fold risk of “large-

for-gestational age”. Fasting plasma glucose levels were not found to be associated with any pregnancy 

outcome (Mañé et al., 2019). 

Arbiol-Roca et al. (2021) studied the clinical utility of HbA1c testing as a biomarker for detecting 

gestational diabetes mellitus (GDM) and as a screening test to avoid the use of the oral glucose 

tolerance test (OGTT). HbA1c levels were measured in 745 pregnant individuals and GDM was diagnosed 

in thirty-eight patients based on HbA1c, age, and BMI. A cut off HbA1c value of 4.6% was determined to 

decide whether OGTT was needed or if it could be avoided. Using 4.6% HbA1c as the cut off value 

prevented two false negatives, but only decreased the number of OGTTs performed by 7.2%. The 

authors conclude that "adoption of HbA1c as a screening test for GDM may eliminate the need of 

OGTT." Although the HbA1c test does not have sufficient sensitivity and specificity to be used as the 

sole diagnostic test, " the use of a rule-out strategy in combination with the OGTT could be useful" 

(Arbiol-Roca et al., 2021). 

However, the use of hemoglobin A1c testing is not useful in predicting all forms of dysglycemia. 

Tommerdahl et al. (2019) evaluated several biomarkers for their accuracy in screening for cystic fibrosis 

(CF)-related diabetes. These biomarkers included “hemoglobin A1c (HbA1c), 1,5-anhydroglucitol (1,5AG), 

fructosamine (FA), and glycated albumin (GA)” and were compared to the current gold standard, OGTT 
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2-hour glucose. Fifty-eight patients with CF were included and “area under the receiver operative 

characteristic (ROC-AUC) curves were generated.” All ROC-AUCs for each biomarker were “low” both for 

cystic fibrosis-related prediabetes (CFPD, ROC-AUC 0.52-0.67) and CF-related diabetes (CFRD) (0.56-

0.61). For CFRD, HbA1c was measured to have a 78% sensitivity and 41% specificity at a cutoff of 5.5%, 

which corresponds to a ROC-AUC of 0.61. The authors concluded that “All alternate markers tested 

demonstrate poor diagnostic accuracy for identifying CFRD by 2hG” (Tommerdahl et al., 2019). 

In a retrospective review of the UMass Memorial Health System electronic medical records from 

between 1997 and 2019, Darukhanavala et al. (2021) evaluated the appropriateness of HbA1c as a 

screening tool for identifying patients with pre-CFRD (cystic fibrosis-related diabetes) dysglycemia to 

minimize the burden of annual two-hour oral glucose tolerance tests (OGTTs). The study included 56 

patients categorized according to OGTT results (American Diabetes Association criteria): normal glucose 

tolerance (n=34), indeterminant glycemia (INDET, n=6), impaired fasting glucose (IFG, n=7), or impaired 

glucose tolerance (IGT, n=9). It was found that HbA1c was positively correlated with blood glucose levels 

at the various time cut-points (hour zero, hour one, and hour two), though the associations were quite 

weak (r = 0.248, r = 0.219, and r = 0.369, respectively). Furthermore, t-tests conducted suggested that 

the mean HbA1c was not significantly different between patients with normal glucose tolerance and 

those in the INDET (p = 0.987), IFG (p = 0.690), and IGT (p = 0.874) groups, confirmed by ANOVA (p = 

0.250). Consequently, the authors reported that the “results do not support the use of HbA1c as a 

possible screening tool for pre-CFRD dysglycemic states, specifically INDET, IFG, and IGT” 

(Darukhanavala et al., 2021). 

By combining administrative datasets from the Veterans Health Administration and Medicare, Zhao et al. 

(2021) evaluated the impact of hemoglobin A1c (A1c) variability—the coefficient of variation, described 

by A1c standard deviation divided by the average A1c value overall and expressed as a percent—on the 

risk of hypoglycemia-related hospitalization (HRH) in veterans with diabetes mellitus. In this study 

sample of 342,059 patients, the authors identified a “consistent and positive relationship between A1c 

variability and HRH” and noted that “Average A1c levels were also significantly and independently 

associated with HRH, with levels <7.0% (53 mmol/mol) associated with lower risk and levels >9% (75 

mmol/mol) conferring greater risk.” Due to these different levels of variability all remaining strong 

predictors of HRH risk up to three years following the baseline period, authors concluded that “tracking 

A1c levels alone may be insufficient to mitigate risk”. It was also acknowledged that a few limitations 

affected the generalizability of the study, such as the lack of socioeconomic data, the study sample 

being predominantly white males, and including only veterans, the latter of which is a population where 

comorbidities are more prevalent. Consequently, these data may be reflective of “the complex interplay 

of disease severity, treatment, and sociodemographic factors”, as is the case with other clinical findings 

(Zhao et al., 2021). 

While poor outcomes of coronavirus disease 2019 (COVID‐19) have been linked to diabetes, its relation 

to pre‐infection glycemic control is still unclear. Because of this, Merzon et al. (2021) investigated the 

association between pre‐infection HemoglobinA1c (A1C) levels and COVID‐19 severity as assessed by 

need for hospitalization in a cohort of 2068 patients (ages 14 to 103) with diabetes tested for COVID‐19 

in Leumit Health Services, Israel, between February 1 and April 30, 2020. Of the patients in this cohort, 

183 (8.85%) were diagnosed with COVID-19. A comparison of the mean HbA1c of those who were 

COVID-19 positive (7.19%, 95% CI: 6.81%-7.57%) and the mean of those who were COVID-19 negative 

(6.59%, 95% CI: 6.52%-6.65%) was found to be statistically significant (p<0.05). The authors expounded 

further by reporting the clinical characteristics of patients with diabetes hospitalized due to COVID-19 

by demonstrating that the mean Hb1Ac levels between those hospitalized (n=46, 7.75%, 95% CI: 7.17%-

8.32%) and those not hospitalized (n=137, 6.83%, 95% CI: 6.54%-7.13%) were also statistically significant 
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(p<0.005). Additionally, “In a multivariate logistic regression model adjusting for multiple potential risk 

factors and chronic conditions which may have a deleterious effect on disease outcomes (including age, 

sex, smoking, IHD, SES, depression/anxiety, schizophrenia, dementia, hypertension, CVA, CHF, chronic 

lung disease, and obesity), only HbA1c ≥ nine percent remained a significant predictor for 

hospitalization.” Given the evidence, the researchers urge “Paying special attention to patients with 

diabetes and an HbA1c ≥ nine while allowing a more lenient approach to patients with well controlled 

disease”, as this can reduce economic, social, and patient burden, especially for those who are at the 

greatest risk for reacting severely to COVID-19 (Merzon et al., 2021). 

Xie et al. (2021) investigated the role of FPG and glucose fluctuation on the prognosis of COVID-19 

patients who already had prior diagnoses of diabetes. Through a multivariate Cox analysis, the 

researchers found that FPG was “an independent prognostic factor of overall survival after adjustment 

for age, sex, diabetes, and severity of COVID-19 at admission (HR: 1.15, 95% CI: 1.06-1.25).” However, 

blood glucose fluctuation was associated with COVID-19 disease progression, as proven by the results 

found from the indices of the standard deviation of blood glucose and the largest amplitude of glycemic 

excursions. Both FPG and blood glucose fluctuation indices were also found to be positively associated 

with increased presence of inflammatory markers associated with COVID-19, such as the “white blood 

cell absolute count, neutrophil count, C-reactive protein (CRP), alkaline phosphatase, a-hydroxybutyrate 

dehydrogenase (α-hbdh), gamma-glutamyl transferase (GGT), lactate dehydrogenase, [and] D-dimer.” 

Ultimately, it was concluded that diabetes was not an independent risk factor for in-hospital death of 

COVID-19 patients, as these findings were identified regardless of diabetes status (Xie et al., 2021).  

Yang et al. (2019) aimed to find the appropriate threshold for fasting plasma glucose for defining 

prediabetes among children and adolescents. The sample was selected from school-aged children in 

Taiwan via a nationwide survey administered between 1992-2000, who then underwent physical 

examinations and blood tests if they exhibited abnormal urine test findings. The researchers found that 

the incidence of pediatric diabetes increased with increasing fasting plasma glucose levels, and those 

with FPG > 5.6mmol/L had higher adjusted hazard ratios. Additionally, “the association between fasting 

plasma glucose and incident pediatric diabetes and the area under the receiver-operating characteristic 

curve were similar in boys and girls and were higher in the age group twelve to eighteen years.” In using 

4.75 mmol/L as the optimal threshold for children six to eleven years, the sensitivity was 65% and 

specificity was 51%. For the threshold of 5.19 mmol/L among children twelve to eighteen years, the 

sensitivity was 60% and the specificity was 73%. This supports utilizing FPG as a supplement for 

diagnosing prediabetes among pediatric patients, which may contribute to better disease management.  

Geifman-Holtzman et al. (2010) assessed the correlation between fetal macrosomia and abnormal OGTT 

in pregnant individuals with term gestation and negative glucose challenge test (GCT) at twenty-four to 

twenty-eight weeks. They recruited patients who had estimated fetal weights >90th percentile and a 

negative 50g GCT. From 170 individuals over a five-month period, they found that 10 patients or 5.9% 

had “impaired glucose metabolism at term.” In this group, “we found no correlation between GCT values 

at twenty-four to twenty-eight weeks, family history of diabetes mellitus, the patient’s [body mass index] 

or weight at term, and the diagnosis of impaired glucose metabolism.” Furthermore, there was no 

statistically significant difference in mean fetal weight between those with normal versus abnormal 

OGTT. This demonstrated the lack of clinical utility of using OGTT at term for predicting the incidence of 

fetal macrosomia. The researchers suggested utilizing a larger scale study to solidify or contradict these 

conclusions (Geifman-Holtzman et al., 2010). 



   Page 12 of 27 

Guidelines and Recommendations 

The American Diabetes Association (ADA) 

The ADA publishes an extensive guideline encompassing the standards of medical care in diabetes. The 

2022 recommendations state: 

Classification and Diagnosis of Diabetes (Chapter [Ch] 2) (ElSayed et al., 2023a): 

• Criteria for testing for diabetes or prediabetes in asymptomatic adult:  

o Testing should be considered in overweight or obese (BMI ≥25 kg/m2 or ≥23 kg/m2 in Asian 

Americans) adults who have one or more of the following risk factors: 

▪ First-degree relative with diabetes 

▪ High-risk race/ethnicity (e.g., African American, Latino, Native American, Asian American, 

Pacific Islander) 

▪ History of CVD 

▪ Hypertension (≥140/90 mmHg or on therapy for hypertension) 

▪ HDL cholesterol level <35 mg/dL (0.90 mmol/L) and/or a triglyceride level >250 mg/dL 

(2.82 mmol/L) 

▪ Individuals with polycystic ovary syndrome 

▪ Physical inactivity 

▪ Other clinical conditions associated with insulin resistance (e.g., severe obesity, acanthosis 

nigricans) 

o Patients with prediabetes (A1c ≥5.7% [39 mmol/mol], IGT [impaired glucose tolerance], or IFG 

[impaired fasting glucose]) should be tested yearly. 

o Individuals who were diagnosed with GDM should have lifelong testing at least every three 

years. 

o For all other patients, testing should begin at age thirty-five years. 

o If results are normal, testing should be repeated at a minimum of three-year intervals, with 

consideration of more frequent testing depending on initial results and risk status. 

o People with HIV 

• Diabetes may be diagnosed based on plasma glucose criteria, either the fasting plasma glucose 

(FPG) or the 2-h plasma glucose (2-h PG) value after a 75-g oral glucose tolerance test (OGTT) or 

A1c criteria.  

A1c 

• “To avoid misdiagnosis or missed diagnosis, the A1c test should be performed using a method 

that is certified by the NGSP and standardized to the Diabetes Control and Complications Trial 

(DCCT) assay. Grade B” 

• “Marked discordance between measured A1c and plasma glucose levels should raise the 

possibility of A1c assay interference and consideration of using an assay without interference or 

plasma blood glucose criteria to diagnose diabetes. Grade B” 

• “In conditions associated with an altered relationship between A1c and glycemia, such as 

hemoglobinopathies, including sickle cell disease, pregnancy (second and third trimesters and the 

postpartum period), glucose-6-phosphate dehydrogenase deficiency, HIV, hemodialysis, recent 

blood loss or transfusion, or erythropoietin therapy, only plasma blood glucose criteria should be 

used to diagnose diabetes. Grade B” 
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• “Adequate carbohydrate intake (at least 150 g/day) should be assured for three days prior to oral 

glucose tolerance testing as a screen for diabetes. Grade A” 

Prediabetes and Type 2 Diabetes  

• “Screening for prediabetes and type 2 diabetes with an informal assessment of risk factors or 

validated risk calculator should be done in asymptomatic adults. Grade B” 

• “Testing for prediabetes and/ or type 2 diabetes in asymptomatic people should be considered in 

adults of any age with overweight or obesity (BMI ≥25 kg/m2 or ≥23 kg/m2 in Asian Americans) 

who have one or more risk factors. Grade B” 

• “For all people screening should begin at age thirty-five years. Grade B” 

• “If tests are normal, repeat screening recommended at a minimum of three-year intervals is 

reasonable, sooner with symptoms or change in risk (i.e., weight gain). Grade C” 

• “To screen for prediabetes and type 2 diabetes, fasting plasma glucose, 2-h plasma glucose 

during 75-g oral glucose tolerance test, and A1C are each appropriate. Grade B” 

• “When using oral glucose tolerance testing as a screen for diabetes, adequate carbohydrate 

intake (at least 150 g/ day) should be assured for three days prior to testing. Grade A” 

• “In people with prediabetes and type 2 diabetes, identify and treat cardiovascular disease risk 

factors. Grade A” 

• “Risk-based screening for prediabetes and/or type 2 diabetes should be considered after the 

onset of puberty or after ten years of age, whichever occurs earlier, in children and adolescents 

with overweight (BMI ≥85th percentile) or obesity (BMI ≥95th percentile) and who have one or 

more risk factor for diabetes. Grade B” 

• “People with HIV should be screened for diabetes and prediabetes with a fasting glucose test 

before starting antiretroviral therapy, at the time of switching antiretroviral therapy, and three to 

six months after starting or switching antiretroviral therapy. If initial screening results are normal, 

fasting glucose should be checked annually. Grade E” 

Cystic Fibrosis-Related Diabetes 

• “Annual screening for cystic fibrosis-related diabetes with an oral glucose tolerance test should 

begin by age ten years in all patients with cystic fibrosis not previously diagnosed with cystic 

fibrosis-related diabetes. Grade B” 

• “A1c is not recommended as a screening test for cystic fibrosis–related diabetes. Grade B” 

• “People with cystic fibrosis–related diabetes should be treated with insulin to attain individualized 

glycemic goals. Grade A” 

• “Beginning five years after the diagnosis of cystic fibrosis–related diabetes, annual monitoring for 

complications of diabetes is recommended. Grade E” 

Gestational Diabetes Mellitus 

• “In individuals who are planning pregnancy, screen those with risk factors (Grade B) and consider 

testing all individuals with undiagnosed diabetes (Grade E).  

• “Before fifteen weeks of gestation, test individuals with risk factors B and consider testing all 

individuals E for undiagnosed diabetes at the first prenatal visit using standard diagnostic criteria, 

if not screened preconception.” 

• “Individuals identified as having diabetes should be treated as such. Grade A.” 
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• “Before fifteen weeks of gestation, screen for abnormal glucose metabolism to identify individuals 

who are at higher risk of adverse pregnancy and neonatal outcomes, are more likely to need 

insulin, and are at high risk of a later gestational diabetes mellitus diagnosis. Grade B.”  

• “Screen for early abnormal glucose metabolism using fasting glucose of 110–125 mg/dL (6.1 

mmol/L) or A1C 5.9–6.4% (41–47 mmol/mol). Grade B” 

• “Screen for gestational diabetes mellitus at twenty-four to twenty-eight weeks of gestation in 

pregnant individuals not previously found to have diabetes or high-risk abnormal glucose 

metabolism detected earlier in the current pregnancy. Grade A” 

• Screen individuals “with gestational diabetes mellitus for prediabetes or diabetes at four to twelve 

weeks postpartum, using the 75-g oral glucose tolerance test and clinically appropriate 

nonpregnancy diagnostic criteria. Grade B” 

• Individuals “with a history of gestational diabetes mellitus should have lifelong screening for the 

development of diabetes or prediabetes at least every three years. Grade B” 

• Individuals “with a history of gestational diabetes mellitus found to have prediabetes should 

receive intensive lifestyle interventions and/or metformin to prevent diabetes. Grade A” (ElSayed 

et al., 2023a).  

On diagnostic tests for diabetes: 

“The FPG and 2-h PG may be used to diagnose diabetes. The concordance between the FPG and 2-h PG 

tests is imperfect, as is the concordance between A1C and either glucose-based test. Compared with 

FPG and A1C cut points, the 2-h PG value diagnoses more people with prediabetes and diabetes. In 

people in whom there is discordance between A1C values and glucose values, FPG and 2-h PG are more 

accurate.” 

“The A1c test should be performed using a method that is certified by the NGSP (www.ngsp.org) and 

standardized or traceable to the Diabetes Control and Complications Trial (DCCT) reference assay. Point-

of-care A1c assays may be NGSP certified and cleared by the U.S. Food and Drug Administration (FDA) 

for use in monitoring glycemic control in people with diabetes in both Clinical Laboratory Improvement 

Amendments (CLIA)-regulated and CLIA-waived settings. proficiency testing is not always mandated for 

performing the test. Point-of-care A1C assays have not been prospectively studied for the diagnosis of 

diabetes and are not recommended for diabetes diagnosis; if used, they should be confirmed with a 

validated measure. In the U.S., point-of-care A1C is a laboratory test that limits CLIA regulation…point-

of-care A1C assays may be more generally applied for assessment of glycemic control in the clinic” 

(ElSayed et al., 2023a). 

HIV  

“People with HIV should be screened for diabetes and prediabetes with a fasting glucose test before 

starting antiretroviral therapy, at the time of switching antiretroviral therapy, and 3–6 months after 

starting or switching antiretroviral therapy. If initial screening results are normal, fasting glucose should 

be checked annually. [Grade E] . . . Individuals with HIV are at higher risk for developing prediabetes and 

diabetes on antiretroviral (ARV) therapies, so a screening protocol is recommended. The A1c test may 

underestimate glycemia in people with HIV; it is not recommended for diagnosis and may present 

challenges for monitoring” (ElSayed et al., 2023a) 
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Glycemic Targets (Ch 6)  

• “Assess glycemic status (A1C or other glycemic measurement such as time in range or glucose 

management indicator) at least two times a year in patients who are meeting treatment goals 

(and who have stable glycemic control).” Grade E 

• “Assess glycemic status at least quarterly and as needed in patients whose therapy has recently 

changed and/or who are not meeting glycemic goals.” Grade E 

• “An A1c goal for many non-pregnant adults of <7% (53 mmol/mol) without significant 

hypoglycemia is appropriate.” Grade A 

• “On the basis of provider judgment and patient preference, achievement of lower A1C levels than 

the goal of 7% may be acceptable and even beneficial if it can be achieved safely without 

significant hypoglycemia or other adverse effects of treatment.” Grade B 

• “Less stringent A1C goals (such as <8% [64 mmol/mol] may be appropriate for patients with 

limited life expectancy or where the harms of treatment are greater than the benefits.” Grade B 

(American Diabetes Association Professional Practice, 2022a). 

Children & Adolescents (Ch 14)  

The traditional idea of type 2 diabetes occurring only in adults and type 1 diabetes occurring only 

in children is no longer accurate, as both diseases can occur in both age-groups. The 

recommendations concerning diabetes testing for children and adolescents are as follows: 

• “Risk-based screening for prediabetes and/or type 2 diabetes should be considered after the 

onset of puberty or ≥10 years of age, whichever occurs earlier, in youth with overweight (BMI 

≥85th percentile) or obesity (BMI ≥95th percentile) and who have one or more additional risk 

factors for diabetes” (ElSayed et al., 2023b). Grading based on risk factors;  

o Maternal history of diabetes or GDM during the child's gestation-Grade A 

o Family history of type 2 diabetes in first- or second-degree relative-Grade A 

o Race/ethnicity (Native American, African American, Latino, Asian American, Pacific Islander)-

Grade A 

o Signs of insulin resistance or conditions associated with insulin resistance (acanthosis 

nigricans, hypertension, dyslipidemia, polycystic ovary syndrome, or small-for-gestational-age 

birth weight)-Grade B (ElSayed et al., 2023a) 

• “If screening is normal, repeat screening at a minimum of 3-year intervals [Grade E], or more 

frequently if BMI is increasing [Grade C].”  

• “Fasting plasma glucose, 2-h plasma glucose during a 75-g oral glucose tolerance test, and A1c 

can be used to test for prediabetes or [type 2] diabetes in children and adolescents.” Grade B 

• “Children and adolescents with overweight or obesity in whom the diagnosis of type 2 diabetes is 

being considered should have a panel of pancreatic autoantibodies tested to exclude the 

possibility of autoimmune type 1 diabetes.” Grade B  

• “Although A1c is not recommended for diagnosis of diabetes in children with cystic fibrosis or 

symptoms suggestive of acute onset of type 1 diabetes and only A1c assays without interference 

are appropriate for children with hemoglobinopathies, ADA continues to recommend A1c for 

diagnosis of type 2 diabetes in this population (ungraded)” 

• “A1C goals must be individualized and reassessed over time. An A1C of <7% (53 mmol/mol) is 

appropriate for many children.” Grade B (ElSayed et al., 2023b) 
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Pregnancy (Ch 15) 

• “…although A1c may be useful, it should be used as a secondary measure of glycemic control in 

pregnancy, after blood glucose monitoring.” 

• “Fasting and postprandial self-monitoring of blood glucose are recommended in both gestational 

diabetes mellitus and preexisting diabetes in pregnancy to achieve optimal glucose levels. 

Glucose targets are fasting plasma glucose <95 mg/dL (5.3 mmol/L) and either 1-h postprandial 

glucose <140 mg/dL (7.8 mmol/L) or 2-h postprandial glucose <120 mg/dL (6.7 mmol/L). Some 

individuals with preexisting diabetes should also test blood glucose preprandially. Grade B” 

• “Due to increased red blood cell turnover, A1c is slightly lower in normal pregnancy than in 

normal nonpregnant individuals. Ideally, the A1c target in pregnancy is <6% (42 mmol/mol) if this 

can be achieved without significant hypoglycemia, but the target may be relaxed to <7% (53 

mmol/mol) if necessary to prevent hypoglycemia. Grade B” 

• “Given the alteration in red blood cell kinetics during pregnancy and physiological changes in 

glycemic parameters, A1c levels may need “to be monitored more frequently than usual (e.g., 

monthly).” 

• “The OGTT is recommended over A1C at four to twelve weeks postpartum because A1C may be 

persistently impacted (lowered) by the increased red blood cell turnover related to pregnancy, by 

blood loss at delivery, or by the preceding three-month glucose profile. The OGTT is more 

sensitive at detecting glucose intolerance, including both prediabetes and diabetes.” 

• “Because GDM often represents previously undiagnosed prediabetes, type 2 diabetes, maturity-

onset diabetes of the young, or even developing type 1 diabetes, individuals with GDM should be 

tested for persistent diabetes or prediabetes at four to twelve weeks postpartum with a fasting 

75-g OGTT using nonpregnancy criteria as outlined in Section two, “Classification and Diagnosis 

of Diabetes”.” 

• “In the absence of unequivocal hyperglycemia, a positive screen for diabetes requires two 

abnormal values. If both the fasting plasma glucose (≥126 mg/dL [7.0 mmol/L]) and 2-h plasma 

glucose (≥200 mg/dL [11.1 mmol/L]) are abnormal in a single screening test, then the diagnosis 

of diabetes is made. If only one abnormal value in the OGTT meets diabetes criteria, the test 

should be repeated to confirm that the abnormality persists.” 

• “Because GDM is associated with an increased lifetime maternal risk for diabetes estimated at 50–

60%, [individuals] should also be tested every one to three years thereafter if the four to twelve 

weeks postpartum 75-g OGTT is normal. Ongoing evaluation may be performed with any 

recommended glycemic test (e.g., annual A1C, annual fasting plasma glucose, or triennial 75-g 

OGTT using nonpregnant thresholds).” (American Diabetes Association Professional Practice, 

2022b). 

Diabetes Canada Clinical Practice Guidelines Expert Committee  

This Expert Committee published a comprehensive guideline on the prevention and management of 

diabetes. Relevant items, recommendations, and comments—particularly those relating to the use of 

A1c testing—are captured below: 

• “Screen for type 2 diabetes using a fasting plasma glucose and/or glycated hemoglobin (A1C) 

every three years in individuals ≥40 years of age or in individuals at high risk on a risk calculator 

(33% chance of developing diabetes over ten years).” 

• “In the absence of evidence for interventions to prevent or delay type 1 diabetes, routine 

screening for type 1 diabetes is not recommended.” 
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• “For most individuals with diabetes, A1C should be measured approximately every three months 

to ensure that glycemic goals are being met or maintained. In some circumstances, such as when 

significant changes are made to therapy, or during pregnancy, it is appropriate to check A1C 

more frequently. Testing at least every six months should be performed in adults during periods 

of treatment and healthy behavior stability when glycemic targets have been consistently 

achieved.” 

• A1C can be misleading in various medical conditions (“e.g., hemoglobinopathies, iron deficiency, 

hemolytic anemia, severe hepatic or renal disease”) and should not be used for “diagnostic use in 

children and adolescents (as the sole diagnostic test), pregnant [individuals] as part of routine 

screening for gestational diabetes, those with cystic fibrosis or those with suspected type 1 

diabetes.” 

• Diabetes “should” be diagnosed at a level of A1C ≥6.5%.  

• “Screening for diabetes using FPG and/or A1C should be performed every three years in 

individuals ≥40 years of age or at high risk using a risk calculator [Grade D, Consensus]. Earlier 

testing and/or more frequent follow up (every six to twelve months) with either FPG and/or A1C 

should be considered in those at very high risk using a risk calculator or in people with additional 

risk factors for diabetes [Grade D, Consensus]” 

It should be mentioned that “Glycemic targets should be individualized [Grade D, Consensus]” based 

upon various considerations including, but not limited to, the patient’s functional dependence, medical 

history, life expectancy, and life course stage. Moreover, the grading of recommendations above (e.g., 

“Grade D”) reflect the methodological rigor used at arriving at the conclusion, such that lower grades 

reflect the presence of weaker evidence. But though the “paucity of clinical evidence addressing the 

areas of therapy, prevention, diagnosis or prognosis precluded the assignment of a higher grade”, the 

authors recognize and note that many Grade D recommendations are “very important to the 

contemporary management of diabetes” (Committee, 2018). 

The United States Preventive Services Task Force (USPSTF) 

The USPSTF recommends screening for prediabetes and type 2 diabetes in adults aged thirty-five to 

seventy years who are overweight or obese, and such “Screening tests for prediabetes and type 2 

diabetes include measurement of fasting plasma glucose or HbA1c level or an oral glucose tolerance 

test”. Recognizing that “The optimal screening interval for adults with an initial normal glucose test 

result is uncertain”, the USPSTF suggests that “Screening every three years may be a reasonable 

approach for adults with normal blood glucose levels” (Davidson et al., 2021). 

The USPSTF has also provided guidelines pertaining to the screening of gestational diabetes. For 

asymptomatic pregnant persons at twenty-four weeks gestation or after, with a letter “B” grade, the 

USPSTF recommends screening for gestational diabetes in this population. However, in asymptomatic 

pregnant persons before twenty-four weeks gestation, the USPSTF states that “current evidence is 

insufficient to assess the balance of benefits and harms of screening” and has given it an “I” 

grade(USPSTF, 2021). An “I” grade is defined by the USPSTF as “I Statement- The USPSTF concludes that 

the current evidence is insufficient to assess the balance of benefits and harms of the service. Evidence is 

lacking, of poor quality, or conflicting, and the balance of benefits and harms cannot be 

determined”(USPSTF, 2018)  

In 2022, the USPSTF released its first recommendation on screening for type 2 diabetes in children and 

adolescents. This recommendation applies to children and adolescents who are not pregnant and who 

are younger than 18 years of age without known diabetes or prediabetes and who are without 
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symptoms of diabetes or prediabetes. The USPSTF states that the goal of screening for type 2 diabetes 

in young people is “to diagnose and treat it early to prevent development of bad health outcomes. 

However, no studies have looked at the link between screening for type 2 diabetes in children and 

adolescents and bad health outcomes. Studies about the effect of type 2 diabetes treatment on health 

outcomes in children and adolescents have not had enough patients with bad outcomes to draw any 

meaningful conclusions. No studies have looked at harms of screening for type 2 diabetes in young 

people. Potential harms may include side effects from medications used to treat diabetes, such as low 

blood glucose, nausea, or vomiting”. Based on the current evidence for asymptomatic children and 

adolescents younger than 18 years of age, the USPSTF concluded that “current evidence is insufficient to 

assess the balance of benefits and harms of screening for type 2 diabetes in children and adolescents” 

and has given it an “I” grade (Jin, 2022). 

World Health Organization (WHO) 

The Global Report on Diabetes (WHO, 2016) states that: “Glycated haemoglobin (HbA1c) is the method 

of choice for monitoring glycaemic control in diabetes. An advantage of using HbA1c is that the patient 

does not need to be in a fasting state. Ideally it should be measured twice a year in people with type 2 

diabetes and more frequently in those with type 1 diabetes. However, HbA1c testing is more costly than 

glucose measurement, and therefore less readily available. If HbA1c testing is not available, fasting, or 

post-meal blood glucose is an acceptable substitute.” 

The WHO also published a “module” titled “Hearts-D: Diagnosis and Management of Type 2 Diabetes in 

2020. In it, a testing algorithm for “treatment of type 2 diabetes mellitus with insulin” is included at the 

bottom. The algorithm calls for an HbA1c assessment to be performed “in three months” if the patient is 

stabilized as a result of the insulin treatment. (WHO, 2020) 

The National Academy of Clinical Biochemistry (NACB) 

The NACB guidelines (NACB, 2011) state: 

• “Laboratories should use only Hb A1c assay methods that are certified by the National 

Glycohemoglobin Standardization Program (NGSP) as traceable to the DCCT reference. The 

manufacturers of Hb A1c assays should also show traceability to the IFCC reference method.”  

• “Laboratories that measure HbA1c should participate in a proficiency-testing program, such as 

the College of American Pathologists (CAP) HbA1c survey, that uses fresh blood samples with 

targets set by the NGSP Laboratory Network.”  

• “HbA1c testing should be performed at least biannually in all patients and quarterly for patients 

whose therapy has changed or who are not meeting treatment goals.” 

• “HbA1c may be used for the diagnosis of diabetes, with values >6.5% being diagnostic. An NGSP-

certified method should be performed in an accredited laboratory. Analogous to its use in the 

management of diabetes, factors that interfere with or adversely affect the Hb A1c assay will 

preclude its use in diagnosis.” 

• “Point-of-care HbA1c assays are not sufficiently accurate to use for the diagnosis of diabetes.”  

American Academy of Family Physicians (AAFP) 

In 2022, the AAFP published a clinical summary of the USPSTF recommendation for screening for 

prediabetes and type 2 diabetes mellitus. The document deferred to the USPSTF recommendations, with 

the testing audience being “Nonpregnant adults aged thirty-five to seventy years who have overweight 

or obesity and no symptoms of diabetes”—a move from forty years of age in the previous 
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recommendation—while deeming screening every three years to be a reasonable approach (AAFP, 

2022).  

Endocrine Society  

The Endocrine Society published this guideline regarding management of diabetes in older adults. In it, 

they recommend screening for prediabetes or diabetes every two years for patients sixty-five years or 

older. Fasting plasma glucose and/or HbA1c may be used. However, the Society does recommend 

caution when interpreting HbA1c results, as older patients are more likely to have conditions that alter 

red blood cell turnover. (LeRoith et al., 2019) 

National Institute for Health and Care Excellence (NICE) 

NICE published an update to their guideline on diabetes management. In it, they make the following 

recommendations: 

“Measure HbA1c levels in adults with type 2 diabetes every: 

• Three to six months (tailored to individual needs) until HbA1c is stable on unchanging therapy. 

• Six months once the HbA1c level and blood glucose lowering therapy are stable.” 

“Measure HbA1c using methods calibrated according to International Federation of Clinical Chemistry 

(IFCC) standardization.” 

“If HbA1c monitoring is invalid because of disturbed erythrocyte turnover or abnormal haemoglobin 

type, estimate trends in blood glucose control using one of the following: 

• quality-controlled plasma glucose profiles 

• total glycated haemoglobin estimation (if abnormal haemoglobins) 

• fructosamine estimation.” 

“Investigate unexplained discrepancies between HbA1c and other glucose measurements. Seek advice 

from a team with specialist expertise in diabetes or clinical biochemistry.” (NICE, 2022) 

American Association of Clinical Endocrinologists (AACE)  

The AACE provides the following inclusion criteria for individuals who should be screened for 

prediabetes or type 2 diabetes: 

• Age ≥45 years without other risk factors 

• CVD or family history of T2D 

• Overweight or obese 

• Sedentary lifestyle 

• Member of an at-risk racial or ethnic group: 

o Asian 

o African American 

o Hispanic 

o Native American (Alaska Natives and American Indians) 

o Pacific Islander 

• High-density lipoprotein cholesterol (HDL-C) <35 mg/dL (0.90 mmol/L) and/or a triglyceride level 

>250 mg/dL (2.82 mmol/L) 

• Impaired glucose tolerance (IGT), impaired fasting glucose (IFG), and/or metabolic syndrome 
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• Polycystic ovary syndrome (PCOS), acanthosis nigricans, or nonalcoholic fatty liver disease 

(NAFLD) 

• Hypertension (blood pressure >140/90 mm Hg or on antihypertensive therapy) 

• History of gestational diabetes or delivery of a baby weighing more than 5 kg (9 lb) 

• Antipsychotic therapy for schizophrenia and/or severe bipolar disease 

• Chronic glucocorticoid exposure 

• Sleep disorders in the presence of glucose intolerance (A1C >5.7%, IGT, or IFG on previous 

testing), including obstructive sleep apnea (OSA), chronic sleep deprivation, and night-shift 

occupation  

The AACE recommends repeat testing at least every three years for individuals with normal results. 

Consider annual screening for patients with two or more risk factors. 

In a 2022 update focusing on developing a diabetes mellitus comprehensive care plan, the AACE 

expounds on how the diagnosis of diabetes mellitus should be made. According to the authors, the ELs 

refer to evidence levels established by AACE evidence ratings, where “descriptors of “must,” “should,” 

and “may” generally but not strictly correlate with Grade A (strong), Grade B (intermediate), and Grade C 

(weak) recommendations, respectively” (Blonde et al., 2022). The relevant recommendations are 

captured below. 

“Recommendation 1.1 

The diagnosis of DM is based on the following criteria…: 

• FPG concentration ≥126 mg/dL (after ≥ eight hours of an overnight fast), or 

• Plasma glucose (PG) concentration ≥200 mg/dL two hours after ingesting a 75-g oral glucose 

load after an overnight fast of at least eight hours, or 

• Symptoms of hyperglycemia (e.g., polyuria, polydipsia, polyphagia) and a random (nonfasting) PG 

concentration ≥200 mg/dL, or 

• A1C level ≥6.5% 

Diagnosis of DM requires two abnormal test results, either from the same sample or two abnormal 

results on samples drawn on different days. However, a glucose level ≥200 mg/dL in the presence of 

symptoms for DM confirms the diagnosis of DM. 

Grade A; BEL 2 and expert opinion of task force 

Recommendation 1.2 

Prediabetes is identified by the presence of impaired fasting glucose (IFG) (100 to 125 mg/dL), impaired 

glucose tolerance (IGT), which is a PG value of 140 to 199 mg/dL two hours after ingesting 75 g of 

glucose, and/or A1C value between 5.7% and 6.4% (Table 4). A1C should be used only for screening for 

prediabetes. The diagnosis of prediabetes, which may manifest as either IFG or IGT, should be confirmed 

with glucose testing. 

Grade B; BEL 2 

Recommendation 1.3 

T1D is characterized by marked insulin deficiency in the presence of hyperglycemia and positive 

autoantibody tests to glutamic acid decarboxylase (GAD65), pancreatic islet β cells (tyrosine 
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phosphatase IA-2), and IA-2b zinc transporter (ZnT8), and/or insulin. The presence of immune markers 

and clinical presentation are needed to establish the correct diagnosis and to distinguish between T1D 

and T2D in children or adults, as well as to determine appropriate treatment. 

Grade A; BEL 2 

Recommendation 1.4 

T2D is characterized by progressive loss of β-cell insulin secretion and variable defects in insulin 

sensitivity. T2D is often asymptomatic and can remain undiagnosed for many years; therefore, all adults 

≥35 years of age with risk factors should be screened for DM (Table 5). 

Grade A; BEL 1 

Recommendation 1.5 

GDM is defined as carbohydrate intolerance that begins or is first recognized during pregnancy and 

resolves postpartum. Pregnant individuals with risk factors for DM should be screened at the first 

prenatal visit for undiagnosed T2D using standard criteria (Table 4). 

Grade B; BEL 1 

Recommendation 1.6 

Screen all pregnant individuals for GDM at twenty-four to twenty-eight weeks’ gestation. Diagnose GDM 

with either the one-step or the two-step approach. 

• The one-step approach uses a two-hour 75-g oral glucose tolerance test (OGTT) after ≥ eight 

hours of fasting with diagnostic cutoffs of one or more FPG ≥92 mg/dL, one-hour PG ≥180 

mg/dL, or two-hour PG ≥153 mg/dL. 

• The two-step approach uses a nonfasting one-hour 50-g glucose challenge test with one-hour PG 

screening threshold of 130 or 140 mg/dL. For individuals with a positive screening test, the three-

hour 100-g OGTT is used for diagnosis with two or more PG tests that meet the following 

thresholds: FPG ≥95 mg/dL, 1-hour ≥180 mg/dL, 2-hour ≥155 mg/dL, 3-hour ≥140 mg/dL. 

Grade A; BEL 1 

Recommendation 1.7 

Clinicians should consider evaluation for monogenic DM in any child or young adult with an atypical 

presentation, clinical course, or response to therapy. Monogenic DM includes neonatal diabetes and 

nonautoimmune diabetes of multiple genetic causes, also known as maturity-onset diabetes of the 

young (MODY). Most children with DM occurring under six months of age have a monogenic cause as 

autoimmune T1D rarely occurs before six months of age. Other monogenic forms of diabetes are 

characterized by mutation of genes of transcription factors, genes regulating pancreatic development or 

atrophy, abnormal insulin genes, genes related to endoplasmic reticulum stress that impair insulin 

secretion, or abnormal glucokinase genes that cause impaired insulin signaling. 



   Page 22 of 27 

Grade B; BEL 2 

Although not expressly listed as recommendations for diabetes screening, some additional information 

of note includes the following: 

• “A glucose level ≥200 mg/dL in the presence of hyperglycemia symptoms such as polyuria and 

polydipsia confirm the diagnosis of DM. In individuals with discordant results from two different 

tests, the test result that is above the diagnostic cut point should be repeated on a different 

day.” 

• “In view of physiological changes in pregnancy that could affect glycated hemoglobin levels, 

A1C should not be used for GDM screening or diagnosis of DM.” 

• “All pregnant individuals should be screened for GDM at twenty-four to twenty-eight weeks’ 

gestation. Universal screening is recommended, as selective screening (only in individuals with 

risk factors) would miss a significant number of individuals with GDM and universal screening 

has been shown to be cost-effective compared with selective screening” (Blonde et al., 2022). 

American Association of Clinical Endocrinologists/American College of Endocrinology (AACE/ACE)  

The 2020 Consensus Statement from the AACE/ACE on the Management of Type 2 Diabetes states: 

• "The hemoglobin A1c (A1c) target should be individualized based on numerous factors such as 

age, life expectancy, comorbid conditions, duration of diabetes, risk of hypoglycemia or adverse 

consequences from hypoglycemia, patient motivation, and adherence."  

• “An A1c level of ≤6.5% is considered optimal if it can be achieved in a safe and affordable 

manner, but higher targets may be appropriate for certain individuals and may change for a given 

individual over time.” 

• “Therapy must be evaluated frequently (e.g., every three months) until stable using multiple 

criteria, including A1c, SMBG records (fasting and postprandial) or continuous glucose monitoring 

tracings, documented and suspected hypoglycemia events, lipid and BP values, adverse events 

(weight gain, fluid retention, hepatic or renal impairment, or CVD), comorbidities, other relevant 

laboratory data, concomitant drug administration, complications of diabetes, and psychosocial 

factors affecting patient care. Less frequent monitoring is acceptable once targets are achieved” 

(Garber et al., 2020). 

Kidney Disease: Improving Global Outcomes (KDIGO) Diabetes Working Group  

The KDIGO group published recommendations on diabetes and chronic kidney disease (CKD). They 

recommend using HbA1c to monitor diabetic and CKD patients twice a year or as often as four times a 

year if glycemic target is not met or a change is made in therapy. KDIGO advises that "accuracy and 

precision of HbA1c measurement declines with advanced CKD, particularly among patients treated by 

dialysis, in whom HbA1c measurements have low reliability." They also recommend an "individualized 

HbA1c target ranging from <6.5% to <8.0% in patients with diabetes and CKD not treated with dialysis” 

(Rossing et al., 2022). 

Applicable State and Federal Regulations 

DISCLAIMER: If there is a conflict between this Policy and any relevant, applicable government policy for 

a particular member [e.g., Local Coverage Determinations (LCDs) or National Coverage Determinations 

(NCDs) for Medicare and/or state coverage for Medicaid], then the government policy will be used to 

make the determination. For the most up-to-date Medicare policies and coverage, please visit the 
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Medicare search website: https://www.cms.gov/medicare-coverage-database/search.aspx. For the most 

up-to-date Medicaid policies and coverage, visit the applicable state Medicaid website. 

Food and Drug Administration (FDA) 

Many labs have developed specific tests that they must validate and perform in house. These laboratory-

developed tests (LDTs) are regulated by the Centers for Medicare and Medicaid (CMS) as high-

complexity tests under the Clinical Laboratory Improvement Amendments of 1988 (CLIA ’88). LDTs are 

not approved or cleared by the U. S. Food and Drug Administration; however, FDA clearance or approval 

is not currently required for clinical use.  

Applicable CPT/HCPCS Procedure Codes 

CPT Code Description 

82985 Glycated protein 

83036 Hemoglobin; glycosylated (A1C) 

83037 Hemoglobin; glycosylated (A1C) by device cleared by FDA for home use 

82947 Glucose; quantitative, blood (except reagent strip) 

82951 Glucose; tolerance test (GTT), 3 specimens (includes glucose) 

82952 Glucose; tolerance test, each additional beyond 3 specimens 

Current Procedural Terminology© American Medical Association. All Rights reserved. 

 

Procedure codes appearing in Medical Policy documents are included only as a general reference tool for 

each policy. They may not be all-inclusive.  
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Policy Description  

Influenza is an acute respiratory illness caused by influenza A or B viruses resulting in upper and lower 
respiratory tract infection, fever, malaise, headache, and weakness. It mainly occurs in outbreaks and 
epidemics during the winter season, and is associated with increased morbidity and mortality in certain 
high-risk populations (Dolin, 2022b). 

Rapid influenza diagnostic tests (RIDTs) refer to clinical laboratory improvement amendments (CLIA) 
waived immunoassays that can detect influenza viruses during the outpatient visit, giving results in a 
clinically relevant time period to inform treatment decisions  (CDC, 2017). Besides RIDTs, influenza can be 
detected using polymerase chain reaction (PCR)-based assays as well as culture testing; however, the 
former is not often used in initial clinical management due to time constraints. Serologic testing is not 
used in outpatient settings for diagnosis (Dolin, 2022a). 

Related Policies  

Policy Number  Policy Title  
AHS-G2149 Pathogen Panel Testing 

AHS-G2174 Coronavirus Testing in the Outpatient Setting 

Revision Date: February 1, 2025
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Indications and/or Limitations of Coverage 

Application of coverage criteria is dependent upon an individual’s benefit coverage at the time of the 

request. Specifications pertaining to Medicare and Medicaid can be found in the “Applicable State and 

Federal Regulations” section of this policy document. 

1) For symptomatic individuals (see Note 1) (when influenza activity has been documented in the 

community or geographic area), one, but not both, of the following MEETS COVERAGE CRITERIA: 

a) One single rapid flu test (either a point-of-contact rapid nucleic acid amplification test (NAAT) or 

a rapid antigen test). 

b) One single traditional NAAT.  

2) Viral culture testing for influenza DOES NOT MEET COVERAGE CRITERIA.  

3) For asymptomatic individuals, influenza testing (e.g., rapid antigen flu tests, rapid NAAT or RT-PCR 

tests, traditional RT-PCR tests, viral culture testing) DOES NOT MEET COVERAGE CRITERIA. 

4) Serology testing for influenza DOES NOT MEET COVERAGE CRITERIA. 

 

NOTES: 

Note 1: Typical Influenza Signs and Symptoms (CDC, 2020a): 

• Fever: A 100.4◦F or higher temperature or feeling feverish/chills AND one or more: 

o Cough 

o Sore throat 

o Headaches and/or body aches 

o Difficulty breathing or shortness of breath 

o Fatigue 

o Runny or stuffy nose 

Table of Terminology 

Term  Definition 

AAEM American Academy of Emergency Medicine  

AAP American Academy of Paediatrics 

ATS American Thoracic Society  

CDC Centres for Disease Control and Prevention  

CLIA Clinical Laboratory Improvement Amendments 

DFA/IFA Direct or Indirect fluorescent antibody staining 

DNA Deoxyribonucleic acid 

EIA Enzyme immunoassay 

ELISA Enzyme-linked immunosorbent assay  

FBC Full blood counts 

FDA Food and Drug Administration  

FIA Fluorescence immunoassay  
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ICT Immunochromatographic  

IDSA Infectious Diseases Society of America  

IMCA Immunochemiluminometric assay 

MDCK Madin-Darby Canine Kidney 

NAAT Nucleic acid amplification test 

NIBSC National Institute for Biological Standards and Control 

NIH National Institute of Health 

NPS Nasopharyngeal Swab 

NPV Negative predictive value 

PCR Polymerase chain reaction 

POC Point-of-care  

PPV Positive predictive value  

RAD Rapid antigen diagnostic 

RIDTs Rapid influenza diagnostic tests 

RSV Respiratory syncytial virus 

RT-PCR Reverse-transcriptase polymerase chain reaction 

Scientific Background 

The influenza virus causes seasonal epidemics that result in severe illnesses and death every 

year. Influenza characteristically begins with the abrupt onset of fever, headache, myalgia, and malaise 

(Dolin, 1976; Kilbourne & Loge, 1950; Loeb et al., 2012; Nicholson, 1992), accompanied by 

manifestations of respiratory tract illness, such as nonproductive cough, sore throat, and nasal discharge 

(Dolin, 2022b). 

High titers of influenza virus are often present in respiratory secretions of infected persons. Influenza is 

transmitted primarily via respiratory droplets produced from sneezing and coughing (Brankston et al., 

2007; Dolin, 2022b; Mubareka et al., 2009) which requires close contact with an infected individual. The 

typical incubation period for influenza is one to four days (average two days) (CDC, 2017; Cox & 

Subbarao, 1999). The serial interval among household contacts is three to four days (Cowling et al., 

2010). When initiated promptly (within the first 24 to 30 hours), antiviral therapy can shorten the 

duration of influenza symptoms by approximately one-half to three days (Cooper et al., 2003; Dobson et 

al., 2015; Hayden et al., 1997; Heneghan et al., 2014; Jefferson et al., 2014; Nicholson et al., 2000; 

Zachary, 2023).  

In certain circumstances, the diagnosis of influenza can be made clinically, such as during an outbreak. 

At other times, it is important to establish the diagnosis using laboratory testing. Viral diagnostic test 

options include rapid antigen tests, immunofluorescence assays, and reverse-transcriptase polymerase 

chain reaction (RT-PCR)-based testing (CDC, 2017). Among these, RT-PCR is the most sensitive and 

specific (Dolin, 2022a). Rapid influenza antigen tests are immunoassays that can identify influenza A and 

B viral nucleoprotein antigens in respiratory specimens (CDC, 2017) which yield qualitative results in 

approximately 15 minutes or less. However, they have much lower sensitivity (CDC, 2017; Harper et al., 

2009; Hurt et al., 2007; Ikenaga et al., 2008). A recent meta-analysis found that the sensitivity of these 

immunoassays was 62.3 percent and the specificity was 98.2 percent (Chartrand et al., 2012). 

Furthermore, detectable viral shedding in respiratory secretions peaks at 24 to 48 hours of illness and 

then rapidly declines (Dolin, 2022a). 



 

   Page 4 of 15 

A decision analysis by Sintchenko et al. (2002) concluded that treatment based on rapid diagnostic 

testing results was appropriate first over empirical antiviral treatment, except during influenza 

epidemics. When the probability of a case being due to influenza reached 42 percent, the two strategies 

were equivalent. Further, a separate meta-analysis found that rapid diagnostic testing did not add to the 

overall cost-effectiveness of treatment if the probability of influenza was greater than 25 to 30 percent 

(Call et al., 2005; Dolin, 2022a). 

Analytical Validity 

Viral culture is a gold standard for influenza diagnosis, but it is very time-consuming with an average 7-

day turnaround time; on the other hand, real-time RT-PCR and shell vial (SV) testing require only an 

average of 4 hours and 48 hours, respectively. A study by Lopez Roa et al. (2011) compared real-time 

RT-PCR and SV testing against conventional cell culture to detect pandemic influenza A H1N1. The 

sensitivity of real-time RT-PCR as compared to viral culture testing was 96.5%, and SV had a sensitivity of 

73.3% and 65.1%, depending on the use of either A549 cells or Madin-Darby Canine Kidney (MDCK) 

cells, respectively. The authors conclude, “Real-time RT-PCR displayed high sensitivity and specificity for 

the detection of influenza A H1N1 in adult patients when compared with conventional techniques” 

(Lopez Roa et al., 2011). 

Clinical Utility and Validity 

In 2017, Yoon et al. (2017) investigated the use of saliva specimens for detecting influenza A and B using 

RIDTs. Both saliva and nasopharyngeal swab (NPS) samples were analyzed from 385 patients; each 

sample was assayed using four different RIDTs—the Sofia Influenza A+B Fluorescence Immunoassay, 

ichroma TRIAS Influenza A+B, SD Bioline Influenza Ag, and BinaxNOW Influenza A/B antigen kit—as well 

as real-time RT-PCR. Using real-time RT-PCR as a standard, 31.2% of the patients tested positive for 

influenza A and 7.5% for influenza B. All four RIDTS had “slightly higher” diagnostic sensitivity in NPS 

samples than saliva samples; however, both Sofia and ichroma “were significantly superior to those of 

the other conventional influenza RIDTs with both types of sample” (Yoon et al., 2017). The authors note 

that the sensitivity of diagnosis improves if both saliva and NPS testing is performed (from 10% to 13% 

and from 10.3% to 17.2% for A and B, respectively). The researchers conclude, “This study demonstrates 

that saliva is a useful specimen for influenza detection, and that the combination of saliva and NPS could 

improve the sensitivities of influenza RIDTs” (Yoon et al., 2017). 

Ryu et al. (2016) investigated the efficacy of using instrument-based digital readout systems with RIDTs. 

In their 2016 paper, the authors included 314 NPS samples from patients with suspected influenza and 

tested each sample with the Sofia Influenza A+B Fluorescence Immunoassay and BD Veritor System Flu 

A+B, which use instrument-based digital readout systems, as well as the SD Bioline assay (a traditional 

immunochromatographic assay) and PCR, the standard. Relative to the RT-PCR standard, for influenza A, 

the sensitivities for the Sofia, BD Veritor, and SD Bioline assays were 74.2%, 73.0%, and 53.9%, 

respectively; likewise, for influenza B, the sensitivities, respectively, were 82.5%, 72.8%, and 71.0%. All 

RIDTS show 100% specificities for both subtypes A and B. The authors conclude, “Digital-based readout 

systems for the detection of the influenza virus can be applied for more sensitive diagnosis in clinical 

settings than conventional [RIDTs]” (Ryu et al., 2016). Similar research was performed in 2018 on NPS 

using RIDTs with digital readout systems—Sofia and Veritor as before along with BUDDI—as compared 

to standard RT-PCR and the SD Bioline immunochromatographic assay (n=218). The four RIDTs were 

also tested with diluted solutions from the National Institute for Biological Standards and Control 

(NIBSC) to probe lower detection limits for each testing method. Again, the digital-based assays 

exhibited higher sensitivity for influenza. “Sofia showed the highest sensitivity for influenza A and B 
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detection. BUDDI and Veritor showed higher detection sensitivity than a conventional RIDT for influenza 

A detection. Further study is needed to compare the test performance of RIDTs according to specific, 

prevalent influenza subtypes” (Ryu et al., 2018). 

Another study compared the Alere iNAT, a rapid isothermal nucleic acid amplification assay, to the Sofia 

Influenza A+B and the BinaxNOW Influenza A&B immunochromatographic (ICT) assay. Using RT-PCR as 

the standard for 202 NPS samples, the “Alere iNAT detected 75% of those positive by RT-PCR, versus 

33.3% and 25.0% for Sofia and BinaxNOW, respectively. The specificity of Alere iNAT was 100% for 

influenza A and 99% for influenza B” (Hazelton et al., 2015). BinaxNOW also had a sensitivity of only 69% 

for influenza as compared to RT-PCR in another study of 520 NPS from children under the age of 5 

(Moesker et al., 2016). 

Young et al. (2017) investigated the accuracy of using point-of-care (POC) nucleic acid amplification test 

(NAAT)-based assays on NPS as compared to the US Food and Drug Administration (FDA)-cleared in 

vitro PCR test, GenMark Dx Respiratory Viral Panel. Their study consisted of 87 NPS samples from adults. 

As compared to the RT-PCR gold standard, the cobas Liat Influenza A/B POC test had an overall 

sensitivity and specificity of 97.9% and 97.5%, respectively, whereas the Alere i Influenza A&B POC test’s 

sensitivity was only 63.8% with a specificity of 97.5% (Young et al., 2017). Taken together, the authors 

conclude that “the cobas Influenza A/B assay demonstrated performance equivalent to laboratory-based 

PCR, and could replace rapid antigen tests” (Young et al., 2017). These results are corroborated by 

another study that measured the specificity of the cobas POC assay as 100% for influenza A/B with a 

sensitivity of 96% for influenza A and 100% for influenza B (Melchers et al., 2017). Further, a third study 

reported a 6.5% invalid rate (as defined by as a failure on a first-run assay) by the cobas POC assay; 

however, “the sensitivities and specificities for all assays [cobas, Xpert Xpress Flu/RSV, and Aries Flu A/B 

& RSV] were 96.0 to 100.0% and 99.3 to 100% for all three viruses [influenza A, influenza B, and 

respiratory syncytial virus]” (Ling et al., 2018). 

Antoniol et al. (2018) aimed to evaluate the usage of rapid influenza diagnostic tests (RIDTs) in adults, 

particularly the OSOM® Ultra Flu A&B on viral strains of influenza A/B in the emergency department. 

The diagnostic evaluation of this test was compared against the Xpert® Flu PCR test. The PCR test had a 

sensitivity of 98.4%, specificity of 99.7%, positive predictive value (PPV) of 99.2% and a negative 

predictive value (NPV) of 99.5%, whereas the OSOM® Ultra Flu A&B RIDT had a sensitivity of 95.1%, 

specificity of 98.4%, positive predictive value of 95.1%, and negative predictive value of 98.4%. However, 

“there was no difference in test performance between influenza A and B virus nor between the influenza 

A subtypes,” thereby solidifying the use of both the PCR and RIDT in diagnosing influenza strains in 

adult and elderly patients (Antoniol et al., 2018). 

Lee et al. (2019) conducted a systematic review and meta-analysis on point-of-care tests (POCTs) for 

influenza in ambulatory care settings. After screening, seven randomized studies and six non-

randomized studies from studies mostly from pediatric emergency departments were included. The 

researchers concluded that “in randomized trials, POCTs had no effect on admissions (RR 0.93, 95% CI 

0.61-1.42, I2 = 34%), returning for care (RR 1.00 95% CI = 0.77-1.29, I2 = 7%), or antibiotic prescribing 

(RR 0.97, 95% CI 0.82-1.15, I2 = 70%), but increased prescribing of antivirals (RR 2.65, 95% CI 1.95-3.60; 

I2 = 0%). Further testing was reduced for full blood counts (FBC) (RR 0.80, 95% CI 0.69-0.92 I2 = 0%), 

blood cultures (RR 0.82, 95% CI 0.68-0.99; I2 = 0%) and chest radiography (RR 0.81, 95% CI 0.68-0.96; I2 

= 32%), but not urinalysis (RR 0.91, 95% CI 0.78-w1.07; I2 = 20%).” Among the non-randomized studies, 

fewer reported these outcomes, with some showing inconsistency with the randomized trial outcomes, 

such as there being fewer antibiotic prescriptions and less urinalysis testing. This demonstrated the use 

of POCTs for influenza and how they influence clinical treatment and decision making (Lee et al., 2019). 
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Kanwar et al. (2020) compared three rapid, POC molecular assays for influenza A and B detection in 

children: the ID Now influenza A & B assay, the Cobas influenza A/B NAAT, and Xpert Xpress Flu. Each of 

the three aforementioned tests are CLIA-waived influenza assays. PCR was used to compare results from 

each. NPS Samples from 201 children were analyzed for this study. The researchers note that “The 

overall sensitivities for the ID Now assay, LIAT, and Xpert assay for Flu A virus detection (93.2%, 100%, 

and 100%, respectively) and Flu B virus detection (97.2%, 94.4%, and 91.7%, respectively) were 

comparable. The specificity for Flu A and B virus detection by all methods was >97%” (Kanwar et al., 

2020). 

Sato et al. (2022) conducted a study comparing the results from rapid antigen detection (Quick Chaser 

Flu A, B), silver amplified immunochromatography (Quick Chaser Auto Flu A, B), and two separate NAATs 

(Xpert Xpress Flu/RSV and cobas Influenza A/B & RSV). The researchers also used a baseline RT-PCR 

assay as a reference for the study results. The sensitivities of the rapid antigen detection test and silver 

amplified immunochromatography test were 41.7% and 50.0% <6 hours after onset, but both were 

100% in sensitivity at 24-48h after onset. Ultimately, the researchers concluded that the two NAATs had 

comparable analytical performances, whereas the rapid antigen detection and silver amplified 

immunochromatography tests had increased false negatives oftentimes when viral load is low in early 

infection (Sato et al., 2022). 

Guidelines and Recommendations 

Centers for Disease Control and Prevention (CDC)  

The CDC gives two sets of guidelines concerning testing for influenza. If influenza is known to be 

circulating in the community, they give the algorithm displayed in the figure below (CDC, 2020b): 

 

If the patient is asymptomatic for influenza, then they do not recommend testing. If the patient is 

symptomatic and is being admitted to the hospital, then they recommend testing; on the other hand, if 

a symptomatic patient is not being admitted to the hospital, they recommend testing if the results of 

the test will influence clinical management. Otherwise, if the test results are not going to influence the 
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clinical management, then do not test but do administer empiric antiviral treatment for any patient in 

high-risk categories (CDC, 2020b). [For a list of typical signs and symptoms of influenza according to the 

CDC, please refer to Note 1 within the Coverage criteria section above (CDC, 2020a).] 

For possible outbreaks in a closed setting or institution, the CDC issued the guideline algorithm in the 

figure below (CDC, 2019): 

 

If only one person is showing signs and symptoms of influenza, then testing is not recommended but 

he/she should be closely monitored. If multiple people are showing signs of influenza, then RT-PCR 

testing is recommended if the results would change control strategies or if there are persons at high risk 

of complications within the facility or closed setting (CDC, 2019). [For a list of signs and symptoms and a 

list of high-risk populations, please see Notes 1 and 2, respectively, in the Coverage criteria section 

above] (CDC, 2020a). 

The CDC notes the usefulness of RIDT influenza testing given the rapid testing time (less than 15 

minutes on the average) and that some have been cleared for point-of-care use, but they note the 
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limited sensitivity to detect influenza as compared to the reference standards for laboratory 

confirmation testing, RT-PCR or viral culture. Disadvantages of RIDTs include high false negative results, 

especially during outbreaks, false positive results during times when influenza activity is low, and the 

lack of parity in RIDTs in detecting viral antigens. “Testing is not needed for all patients with signs and 

symptoms of influenza to make antiviral treatment decisions…Once influenza activity has been 

documented in the community or geographic area, a clinical diagnosis of influenza can be made for 

outpatients with signs and symptoms consistent with suspected influenza, especially during periods of 

peak influenza activity in the community” (CDC, 2017). 

The CDC notes the practicality of using RIDTs to detect possible influenza outbreaks, especially in closed 

settings. “RIDTs can be useful to identify influenza virus infection as a cause of respiratory outbreaks in 

any setting, but especially in institutions (i.e., nursing homes, chronic care facilities, and hospitals), cruise 

ships, summer camps, schools, etc. Positive RIDT results from one or more ill persons with suspected 

influenza can support decisions to promptly implement infection prevention and control measures for 

influenza outbreaks. However, negative RIDT results do not exclude influenza virus infection as a cause 

of a respiratory outbreak because of the limited sensitivity of these tests. Testing respiratory specimens 

from several persons with suspected influenza will increase the likelihood of detecting influenza virus 

infection if influenza virus is the cause of the outbreak, and use of molecular assays such as RT-PCR is 

recommended if the cause of the outbreak is not determined and influenza is suspected. Public health 

authorities should be notified promptly of any suspected institutional outbreak and respiratory 

specimens should be collected from ill persons (whether positive or negative by RIDT) and sent to a 

public health laboratory for more accurate influenza testing by molecular assays and viral culture.” The 

CDC recommends using a molecular assay, such as RT-PCR, to test any hospitalized individual with 

suspected influenza rather than using an RIDT (CDC, 2017). 

Infectious Diseases Society of America (IDSA)  

The IDSA published an update to seasonal influenza in adults and children in 2018. Here, IDSA 

propounded the following patient populations as targets for influenza testing: 

“Outpatients (Including Emergency Department Patients) 

1. During influenza activity (defined as the circulation of seasonal influenza A and B viruses among 

persons in the local community) . . .: 

o Clinicians should test for influenza in high-risk patients, including immunocompromised 

persons who present with influenza-like illness, pneumonia, or nonspecific respiratory illness 

(eg, cough without fever) if the testing result will influence clinical management (A–III). 

o Clinicians should test for influenza in patients who present with acute onset of respiratory 

symptoms with or without fever, and either exacerbation of chronic medical conditions (eg, 

asthma, chronic obstructive pulmonary disease [COPD], heart failure) or known complications 

of influenza (eg, pneumonia) if the testing result will influence clinical management (A-III) . . . 

o Clinicians can consider influenza testing for patients not at high risk for influenza 

complications who present with influenza-like illness, pneumonia, or nonspecific respiratory 

illness (eg, cough without fever) and who are likely to be discharged home if the results might 

influence antiviral treatment decisions or reduce use of unnecessary antibiotics, further 

diagnostic testing, and time in the emergency department, or if the results might influence 

antiviral treatment or chemoprophylaxis decisions for high-risk household contacts . . . (C-III). 

2. During low influenza activity without any link to an influenza outbreak: 
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o Clinicians can consider influenza testing in patients with acute onset of respiratory symptoms 

with or without fever, especially for immunocompromised and high-risk patients (B-III). 

Hospitalized Patients 

3. During influenza activity: 

o Clinicians should test for influenza on admission in all patients requiring hospitalization with 

acute respiratory illness, including pneumonia, with or without fever (A-II). 

o Clinicians should test for influenza on admission in all patients with acute worsening of 

chronic cardiopulmonary disease (eg, COPD, asthma, coronary artery disease, or heart failure), 

as influenza can be associated with exacerbation of underlying conditions (A-III). 

o Clinicians should test for influenza on admission in all patients who are immunocompromised 

or at high risk of complications and present with acute onset of respiratory symptoms with or 

without fever, as the manifestations of influenza in such patients are frequently less 

characteristic than in immunocompetent individuals (A-III). 

o Clinicians should test for influenza in all patients who, while hospitalized, develop acute onset 

of respiratory symptoms, with or without fever, or respiratory distress, without a clear 

alternative diagnosis (A-III). 

4. During periods of low influenza activity: 

o Clinicians should test for influenza on admission in all patients requiring hospitalization with 

acute respiratory illness, with or without fever, who have an epidemiological link to a person 

diagnosed with influenza, an influenza outbreak or outbreak of acute febrile respiratory illness 

of uncertain cause, or who recently traveled from an area with known influenza activity (A-II). 

o Clinicians can consider testing for influenza in patients with acute, febrile respiratory tract 

illness, especially children and adults who are immunocompromised or at high risk of 

complications, or if the results might influence antiviral treatment or chemoprophylaxis 

decisions for high-risk household contacts . . . (B-III)” (Uyeki et al., 2018). 

The following three recommendations relating to the type of outpatient influenza testing were 

published also included: 

• “Clinicians should use rapid molecular assays (ie, nucleic acid amplification tests) over rapid 

influenza diagnostic tests (RIDTs) in outpatients to improve detection of influenza virus infection.” 

• “Clinicians should not use viral culture for initial or primary diagnosis of influenza because results 

will not be available in a timely manner to inform clinical management (A-III), but viral culture can 

be considered to confirm negative test results from RIDTs and immunofluorescence assays, such 

as during an institutional outbreak, and to provide isolates for further characterization.” 

• “Clinicians should not use serologic testing for diagnosis of influenza because results from a 

single serum specimen cannot be reliably interpreted, and collection of paired 

(acute/convalescent) sera 2–3 weeks apart are needed for serological testing” (Uyeki et al., 2018). 

The 2018 IDSA guidelines for the diagnosis of infectious diseases by microbiology laboratories (Miller et 

al., 2018) under viral pneumonia respiratory infections, specifically including influenza, state: “Rapid 

antigen tests for respiratory virus detection lack sensitivity and depending upon the product, specificity. 

A recent meta-analysis of rapid influenza antigen tests showed a pooled sensitivity of 62.3% and a 
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pooled specificity of 98.2%. They should be considered as screening tests only. At a minimum, a 

negative result should be verified by another method… Several US Food and Drug Administration (FDA)-

cleared NAAT platforms are currently available and vary in their approved specimen requirements and 

range of analytes detected” (Miller et al., 2018). Moreover, they state that the “IDSA/American Thoracic 

Society (ATS) practice guidelines (currently under revision) consider diagnostic testing as optional for the 

patient who is not hospitalized.” For children, though, they do recommend testing for viral pathogens in 

both outpatient and inpatient settings. In the section on general influenza virus infection, again they 

recommend the use of rapid testing assays, noting the higher sensitivity of the NAAT-based methods 

over the rapid antigen detection assays. They also state: Serologic testing is not useful for the routine 

diagnosis of influenza due to high rates of vaccination and/or prior exposure” (Miller et al., 2018). 

American Academy of Emergency Medicine (AAEM)  

The AAEM approved a clinical practice paper on influenza in the emergency department: vaccination, 

diagnosis, and treatment. This document provides a “Level B” recommendation, stating “Testing for 

influenza should only be performed if the results will change clinical management. If a RAD [rapid 

antigen diagnostic] testing method is utilized, the provider should be aware of the limited sensitivity and 

the potential for false negatives. If clinical suspicion is moderate to high and RAD test is negative, one 

should consider sending a confirmatory RT-PCR or proceeding with empiric treatment for suspected 

influenza” (Abraham et al., 2016). This guideline has since been archived on the AAEM website.  

Committee on Infectious Diseases, American Academy of Pediatrics (AAP), 32nd Edition (2021-

2024, Red Book)  

The Committee on Infectious Diseases released joint guidelines with the American Academy of 

Pediatrics. These joint guidelines recommend that “influenza testing should be performed when the 

results are anticipated to influence clinical management (eg, to inform the decision to initiate antiviral 

therapy or antibiotic agents, to pursue other diagnostic testing or to implement infection prevention 

and control measures)” (AAP, 2021). 

Regarding types of testing, the AAP states that “The decision to test is related to the level local influenza 

activity, clinical suspicion for influenza, and the sensitivity and specificity of commercially available 

influenza tests… These include rapid molecular assays for influenza RNA or nucleic acid detection, 

reverse transcriptase-polymerase chain reaction (RT-PCR) single-plex or multiplex assays, real time or 

other RNA-based assays, immunofluorescence assays (direct [DFA] or indirect [IFA] fluorescent antibody 

staining) for antigen detection, rapid influenza diagnostic tests (RIDTs) based on antigen detection, rapid 

cell culture (shell vial culture), and viral tissue cell culture (conventional) for virus isolation. The optimal 

choice of influenza test depends on the clinical setting” (AAP, 2021). 

National Institute of Health (NIH)  

The NIH published a webpage on influenza diagnoses. This page notes that “Diagnostics that enable 

healthcare professionals to quickly distinguish one flu strain from another at the point of patient care 

and to detect resistance to antiviral drugs would ensure that patients receive the most appropriate care” 

(NIH, 2017). 
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Applicable State and Federal Regulations 

DISCLAIMER: If there is a conflict between this Policy and any relevant, applicable government policy for 

a particular member [e.g., Local Coverage Determinations (LCDs) or National Coverage Determinations 

(NCDs) for Medicare and/or state coverage for Medicaid], then the government policy will be used to 

make the determination. For the most up-to-date Medicare policies and coverage, please visit the 

Medicare search website: https://www.cms.gov/medicare-coverage-database/search.aspx. For the most 

up-to-date Medicaid policies and coverage, visit the applicable state Medicaid website. 

Food and Drug Administration (FDA) 

On January 12, 2017, the FDA released the following concerning the reclassification of influenza testing 

systems: “The Food and Drug Administration (FDA) is reclassifying antigen based rapid influenza virus 

antigen detection test systems intended to detect influenza virus directly from clinical specimens that 

are currently regulated as influenza virus serological reagents from class I into class II with special 

controls and into a new device classification regulation” (Kux, 2017). The effective date is February 13, 

2017. This reclassification now requires new minimum standards and annual reactivity testing. 

“Consequently, many previously available RIDTs can no longer be purchased in the United States” (Azar 

& Landry, 2018). 

A list of tests granted waived status under CLIA (Clinical Laboratory Improvement Amendments of 1988) 

according to CPT codes is maintained by the Centers for Medicare & Medicaid Services (CMS) website 

(CMS, 2018). As of August 14, 2023, 27 different influenza tests are listed with the 87804 CPT code for 

influenza immunoassay with direct optical observation.  

Many labs have developed specific tests that they must validate and perform in house. These laboratory-

developed tests (LDTs) are regulated by the Centers for Medicare and Medicaid (CMS) as high-

complexity tests under the Clinical Laboratory Improvement Amendments of 1988 (CLIA ’88). LDTs are 

not approved or cleared by the U. S. Food and Drug Administration; however, FDA clearance or approval 

is not currently required for clinical use. 

Applicable CPT/HCPCS Procedure Codes 

CPT Code Description 

87804 Infectious agent antigen detection by immunoassay with direct optical (ie, visual) 

observation; Influenza 

87400 Infectious agent antigen detection by immunoassay technique, (eg, enzyme immunoassay 

[EIA], enzyme-linked immunosorbent assay [ELISA], fluorescence immunoassay [FIA], 

immunochemiluminometric assay [IMCA]) qualitative or semiquantitative; Influenza, A or B, 

each 

87501 Infectious agent detection by nucleic acid (DNA or RNA); influenza virus, includes reverse 

transcription, when performed, and amplified probe technique, each type or subtype 

87502 Infectious agent detection by nucleic acid (DNA or RNA); influenza virus, for multiple types 

or sub-types, includes multiplex reverse transcription, when performed, and multiplex 

amplified probe technique, first 2 types or sub-types 

https://www.cms.gov/medicare-coverage-database/search.aspx
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87503 Infectious agent detection by nucleic acid (DNA or RNA); influenza virus, for multiple types 

or sub-types, includes multiplex reverse transcription, when performed, and multiplex 

amplified probe technique, each additional influenza virus type or sub-type beyond 2 (List 

separately in addition to code for primary procedure) 

86710 Antibody; influenza virus 

87275 Infectious agent antigen detection by immunofluorescent technique; influenza B virus 

87276 Infectious agent antigen detection by immunofluorescent technique; influenza A virus 

87631 Infectious agent detection by nucleic acid (DNA or RNA); respiratory virus (eg, adenovirus, 

influenza virus, coronavirus, metapneumovirus, parainfluenza virus, respiratory syncytial 

virus, rhinovirus), includes multiplex reverse transcription, when performed, and multiplex 

amplified probe technique, multiple types or subtypes, 3-5 targets 

87254 Virus isolation; centrifuge enhanced (shell vial) technique, includes identification with 

immunofluorescence stain, each virus 

Current Procedural Terminology© American Medical Association. All Rights reserved. 

Procedure codes appearing in Medical Policy documents are included only as a general reference 

tool for each policy. They may not be all-inclusive. 
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Policy Description 

Iron, an essential nutrient with a variety of biological uses, is tightly regulated in vivo to maintain 

homeostasis.  Enterocytes absorb iron as Fe2+ either in its non-heme form via DMT1 (divalent metal-ion 

transporter-1) or in heme form presumably through receptor-mediated endocytosis. The enterocytes 

then release iron through ferroportin where transferrin binds it as biologically inactive Fe3+. Saturated 

transferrin delivers iron to erythrocyte precursors in bone marrow where it is incorporated into 

hemoglobin during erythropoiesis. Transferrin may also salvage iron released by the reticuloendothelial 

system and macrophages (Knutson, 2017).   

All cells require iron; consequently, saturated transferrin can also bind to its receptors (TfR1 or TfR2).  

The bound transferrin receptor (TfR) undergoes receptor-mediated endocytosis followed by export of 

divalent iron for cellular use (Byrne et al., 2013). Intracellularly, iron is stored within the central cavity of 

the protein ferritin, a large spherical protein that can store up to 4500 iron atoms per protein. Ferritin 

has ferroxidase activity required for iron uptake and storage. In conjunction with transferrin and TfR, 

ferritin is an acute phase reactant that responds to oxidative stress and inflammation (Camaschella & 

Weiss, 2022). Moreover, TfR1 and TfR2, upon activation by transferrin, can initiate signaling cascades 

required for hepcidin expression (Roetto et al., 2018). Hepcidin, a small peptide hormone, acts as a 

modulator of serum iron concentrations by binding to ferroportin, the only iron exporter; ultimately, this 

results in the degradation of ferroportin and an intracellular accumulation of iron (Pietrangelo, 2015).  
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Please note that carbohydrate-deficient transferrin is out of the scope for this policy. 

Related Policies 

Policy Number Policy Title 

AHS-M2012 Genetic Testing for Hereditary Hemochromatosis 

 

  

 

Indications and/or Limitations of Coverage 

Application of coverage criteria is dependent upon an individual’s benefit coverage at the time of the 

request. Specifications pertaining to Medicare and Medicaid can be found in Section VII of this policy 

document. 

1) Measurement of serum ferritin levels MEETS COVERAGE CRITERIA in any of the following situations: 

a) For the evaluation of an individual with abnormal hemoglobin and/or hematocrit levels. 

b) For the evaluation and monitoring of iron overload disorders. 

c) For individuals with symptoms of hemochromatosis (see Note 1). 

d) For individuals with first-degree relatives (see Note 2) with confirmed hereditary 

hemochromatosis (HH). 

e) For the evaluation of individuals with liver disease. 

f) For the evaluation of hemophagocytic lymphohistiocytosis (HLH) and Still Disease. 

g) In males with secondary hypogonadism. 

h) At a frequency of every 1 to 3 months: 

i) For the evaluation and monitoring of patients with chronic kidney disease who are receiving 

or being considered for receiving treatment for anemia. 

ii) For individuals on iron therapy. 

2) Measurement of serum transferrin saturation (using serum iron and serum iron binding capacity 

measurements) MEETS COVERAGE CRITERIA in any of the following: 

a) For the evaluation of iron overload in individuals with symptoms of hemochromatosis (see Note 

1). 

b) For the evaluation of iron overload in individuals with first-degree relatives (see Note 2) with 

confirmed hereditary hemochromatosis (HH). 

c) For the evaluation of iron deficiency anemia. 

3) In asymptomatic patients, the use of ferritin or transferrin measurement, including transferrin 

saturation, as a screening test DOES NOT MEET COVERAGE CRITERIA. 
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The following does not meet coverage criteria due to a lack of available published scientific literature 

confirming that the test(s) is/are required and beneficial for the diagnosis and treatment of a patient’s 

illness. 

4) Serum hepcidin testing, including immunoassays, DOES NOT MEET COVERAGE CRITERIA. 

5) The use of GlycA testing to measure or monitor transferrin or other glycosylated proteins DOES NOT 

MEET COVERAGE CRITERIA.   

 

NOTES: 

Note 1: Symptoms of hemochromatosis, according to the National Institute of Diabetes and Digestive 

and Kidney Diseases (NIDDK) of the National Institutes of Health include the following (NIDDK, 2014): 

• Joint pain 

• Fatigue 

• Unexplained weight loss 

• Abnormal bronze or gray skin color 

• Abdominal pain 

• Loss of sex drive 

Note 2: First-degree relatives include parents, full siblings, and children of the individual. 

Table of Terminology 

Term Definition 

25(OH) vitamin D 25-hydroxy-vitamin D 

AAFP American Academy of Family Physicians  

ACG American College of Gastroenterology  

AGA American Gastroenterological Association 

ASCO American Society of Clinical Oncology  

ASH American Society of Hematology  

BMP-SMAD  Bone morphogenetic protein-Smad  

BPAN Beta-propeller protein-associated neurodegeneration  

BRINDA Biomarkers reflecting the inflammation and nutritional determinants of anemia  

TM Beta thalassemia major 

CBC Complete blood cell count  

CHF Congestive heart failure  

CKD Chronic kidney disease  

CLIA ’88 Clinical Laboratory Improvement Amendments of 1988  

CLSI-C62A Clinical and Laboratory Standards Institute-C62A 

CMS Centers for Medicare and Medicaid  

CRP C-reactive protein 

CVs Coefficients-of-variation  

DMT1 Divalent metal-ion transporter-1 
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DUOX2 Dual oxidase 2 

ECCO European Crohn’s and Colitis Organisation  

ELISA Enzyme-linked immunosorbent assay  

ESAs Erythropoiesis-stimulating agents  

F5 Coagulation factor V 

Fe2+  Ferrous ion 

Fe3+  Ferric ion 

FBC Full blood count  

FDA Food and Drug Administration  

FTH Ferritin H  

FTL Ferritin L  

FTL1 Ferritin light polypeptide 1  

GDF-15  Growth differentiation factor 15 

GlycA Glycoprotein acetylation  

GPX4 Glutathione peroxidase 4  

GRE Gradient recalled echo 

GSH Glutathione 

HAMP Hepcidin antimicrobial peptide 

HEIRS Hemochromatosis and iron overload screening  

HFE Homeostatic iron regulator 

HH Hereditary hemochromatosis  

HLH Hemophagocytic lymphohistiocytosis  

HPLC/MS/MS High‐performance liquid chromatography/tandem mass spectrometry 

hsCRP High-sensitivity C-reactive protein  

IBD Inflammatory bowel disease  

ID Iron deficiency  

IDA Iron deficiency anemia  

IL-6 Interleukin-6  

IRP Iron responsive proteins  

ISN International Society of Nephrology  

KDIGO Kidney Disease: Improving Global Outcomes  

LC-MS/MS Light chromatography with tandem mass spectroscopy  

LDTs Laboratory-developed tests  

LPI Labile plasma iron  

MCV Mean corpuscular volume  

MDS Myelodysplastic syndrome  

MPAN Mitochondrial membrane protein-associated neurodegeneration  

MRI Magnetic resonance imaging 

NBIA Neurodegeneration with brain iron accumulation  

NCOA4 Nuclear receptor coactivator 4  

NF Neuroferritinopathy 

NICU Neonatal intensive care unit  

NIDDK National Institute of Diabetes and Digestive and Kidney Diseases  
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NKF-KDOQI The National Kidney Foundation-Kidney Disease Outcomes Quality Initiative  

NMR Nuclear magnetic resonance  

NTBI Non-transferrin-bound iron  

PKAN Pantothenate kinase-associated neurodegeneration  

RBC Red blood cell 

RET-He Reticulocyte hemoglobin equivalent  

RDW Red cell distribution width  

ROS Reactive oxygen species  

SCD Sickle cell disease  

SF Serum ferritin  

SLC11A2  Solute carrier family 11 member 2 

SLE Systemic lupus erythematosus  

SOFA Severity of organ failure  

SWI Susceptibility weighted imaging  

TfR Transferrin receptor  

TfR1 Transferrin receptor 1 

TfR2 Transferrin receptor 2 

TfS/TSAT Transferrin saturation  

TMPRSS6  Transmembrane protease, serine 6 

USPSTF United States Preventive Services Task Force  

WHO World Health Organization  

Scientific Background 

Iron is necessary for fundamental metabolic processes and acts as the central component in the catalytic 

sites of numerous essential enzymes and multiprotein complexes, such as mitochondrial respiratory 

chain complexes and oxygen binding proteins (Hentze et al., 2004; Zhang et al., 2014). Tight regulation 

of iron metabolism for maintaining adequate iron levels is achieved by the interaction of a number of 

iron metabolism-related proteins (Zhang et al., 2014) as well as the hemostatic modulation of iron 

absorption, utilization, and recycling (Hentze et al., 2010). This strict regulation is pertinent due to the 

potential toxicity of iron from its redox reactivity and the resultant generation of damaging free radicals 

(Finazzi & Arosio, 2014).  

Several mechanisms in the body regulate the dietary absorption of iron and its concentration in other 

areas, such as plasma and extracellular milieu; this process is known as systemic iron homeostasis (Ganz, 

2013). Iron homeostasis is a complex process where the small peptide hormone hepcidin plays a major 

role by binding the sole mammalian iron exporter, ferroportin. This leads to ferroportin degradation by 

lysosomes. Furthermore, hepcidin production is sensitive to extracellular iron concentrations by way of 

the human homeostatic iron regulator (HFE) protein and the transferrin receptors (TfRs). The HFE protein 

has been shown to interact with both TfR1 and TfR2, initiating the BMP-SMAD signaling pathway upon 

transferrin binding. This signaling cascade ultimately increases expression of the HAMP gene that 

encodes for hepcidin (Pietrangelo, 2015; Vujić, 2014). 

Ferritins are a highly conserved family of proteins that detoxify and store excess iron as less reactive 

ferrihydrite (Hentze et al., 2004). This intracellular iron storage mechanism allows the cell to maintain 

and utilize spare iron based on changes in metabolic demand (Finazzi & Arosio, 2014). Mammalian 
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ferritins are heteropolymers comprised of tissue-specific combinations of 24 subunits. These subunits 

consist of two types: Ferritin L (FTL) and Ferritin H (FTH); a spherical structure is formed from these 

subunits, facilitating the dynamic storage of iron (Finazzi & Arosio, 2014; Liu & Theil, 2005). The levels 

and composition of ferritin are regulated by oxidative stress at the transcriptional level (Arosio & Levi, 

2010; Bresgen & Eckl, 2015), and by iron responsive proteins (IRP) at the post-transcriptional level 

(Anderson et al., 2012). Several tissues express a mitochondria-specific ferritin protein that further 

protect these mitochondria from oxidative damage (Campanella et al., 2009; Paul et al., 2017). 

Iron is released as needed from ferritin by ferritinophagy, the targeting of ferritin for degradation by 

lysosomes; this process requires cargo protein nuclear receptor coactivator 4 (NCOA4), as NCOA4-

deficient cells cannot degrade ferritin correctly (Mancias et al., 2014). After release, the iron is 

transported back to the cytosol by divalent metal transporter 1 (DMT1) (La et al., 2018). This process 

allows the iron to become available as part of the labile iron pool (Cabantchik, 2014; Kruszewski, 2003).  

Degradation of ferritin and resultant accumulation of lethal reactive oxygen species (ROS) has been 

recognized as a distinct iron-dependent type of regulated, non-apoptotic cell death known as 

ferroptosis (Hou et al., 2016; Xie et al., 2016). Dysregulated ferroptosis has been implicated in 

neurotoxicity, neurodegenerative diseases, acute renal failure, drug-induced hepatotoxicity, hepatic and 

heart ischemia/reperfusion injury, and T-cell immunity (Xie et al., 2016). Abnormal ferroptosis has also 

been recently found to play a role in drug treatment, particularly in decitabine treatment of 

myelodysplastic syndrome (MDS). The drug-induced ROS release decreases glutathione (GSH) and 

glutathione peroxidase 4 (GPX4), features characteristic of this unique cell-death process (Lv et al., 2020). 

Ferritin can routinely be detected in serum (Alfrey, 1978) as a result of secretion from macrophages 

(Cohen et al., 2010) or release during cell death and lysis (Kell & Pretorius, 2014). Serum ferritin (SF) is 

primarily composed of L subunits, contains relatively little iron, and is partially glycosylated 

(Santambrogio et al., 1987; Wang et al., 2010). Causes of elevated SF levels include, but are not limited 

to, acute or chronic inflammation, chronic alcohol consumption, liver disease, renal failure, metabolic 

syndrome, or malignancy rather than iron overload (Koperdanova & Cullis, 2015). In healthy adults, 

levels of SF generally reflect overall iron storage (Costa Matos et al., 2013; Enko et al., 2015; Finch et al., 

1986; Jacobs et al., 1972; Wang et al., 2010; Zanella et al., 1989). This closely correlates with the “gold 

standards” of measuring iron stores in bone marrow or liver biopsy (Peng & Uprichard, 2017).  

Given that iron is an essential component for many metabolic processes, the immune system has 

developed mechanisms for iron sequestration as part of the inflammatory response in order to prevent 

invading pathogens and tumors from utilizing iron (Wang et al., 2010). Hence, increased levels of SF 

during the immune system-based acute phase response do not necessarily correlate with iron 

availability or stores, but rather are a general indicator of inflammation (Dignass et al., 2018). This 

becomes a critical issue when assessing iron deficiency (ID), as elevations in SF during inflammation can 

mask the presence of ID (Suchdev et al., 2017). However, this makes the assessment of iron status in the 

presence of inflammation more complex (Dignass et al., 2018; Knovich et al., 2009; Munoz, Gomez-

Ramirez, et al., 2017). Additionally, the two subunits of ferritin (FTL and FTH) have been reported to 

differentially locate during periods of inflammation; this complicates the use of these subunits as an 

inflammatory diagnostic tool (Ahmad et al., 2013). In analyzing data from the Biomarkers Reflecting the 

Inflammation and Nutritional Determinants of Anemia (BRINDA) project, Suchdev et al. (2017) identified 

that all their examined indicators of iron status (SF, serum TfR, total body iron) were affected by 

inflammation, and suggested utilizing C-reactive protein (CRP), a measure of acute inflammation, and 

α1-acid glycoprotein, a measure of chronic inflammation, in addition to iron indicators to better account 

for the full range and severity of inflammation.  
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Extremely elevated SF, in excess of five times the upper limit of normal (Evensen et al., 2007), can 

indicate adult-onset Still disease. Still disease is a systemic inflammatory disorder that typically affects 

young women and is characterized by fever, arthritis, and rash (Knovich et al., 2009; Zandman-Goddard 

& Shoenfeld, 2007). More extremely elevated SF (above 10,000 ug/L), especially in the context of 

autoimmune disorders, such as Still disease and systemic lupus erythematosus (SLE), and viral infections, 

indicates the possibility of hemophagocytic syndrome (Emmenegger et al., 2001), which involves the 

phagocytosis of red blood cells by macrophages (Knovich et al., 2009), along with a final common 

pathway of elevated triglycerides, ferritin, pancytopenia, and highly fatal multiple organ failure 

(Sekigawa et al., 2001). 

Hepcidin regulates serum iron levels by activating the endocytosis and proteolysis of ferroportin, the 

sole mammalian iron exporter. In healthy individuals, iron status is monitored by hepatocytes, which 

regulate hepcidin promoter activity according to iron needs. If iron levels are low, iron is released by 

ferroportin, allowing hepcidin levels to remain low; if iron overload is detected, hepcidin is activated to 

sequester the excess iron (Ueda & Takasawa, 2018). Unregulated activity of hepcidin can therefore result 

in hypoferremia due to iron sequestration (Ganz & Nemeth, 2009). Interleukin-6 (IL-6), an inflammatory 

cytokine, stimulates hepcidin to decrease erythropoiesis due to a lack of bioavailable iron for 

hemoglobin (Kroot et al., 2011).  

No physiologic process is present in the body to excrete excess iron, leaving individuals susceptible to 

developing iron overload. Iron overload may result from increased absorption, transfusion, or hereditary 

disease. Excess iron collects within the internal organs, specifically the liver and heart, where it causes 

chronic free-radical induced injury (Wang et al., 2010). Excess iron may be a symptom or complication of 

a hereditary disease, such as hereditary hemochromatosis (HH), an autosomal recessive disorder that 

causes an enhancement in the intestinal absorption of excess iron (Santos et al., 2012). Too much iron in 

the body can lead to a plethora of problems, including arthritis, skin pigmentation, hypogonadism, 

cardiomyopathy, and diabetes. The majority of individuals with HH contain mutant hemochromatosis 

(HFE) genotypes, including homozygosity for p.Cys282Tyr or p.Cys282Tyr, and compound 

heterozygosity for p.His63Asp; based on these results, it is suggested that genetic testing be performed 

for these mutations in all patients with primary iron overload and an idiopathic increase in transferrin 

saturation (TSAT) and/or SF values (Santos et al., 2012). 

Another genetic disorder characterized by excess iron accumulation is known as neuroferritinopathy 

(NF). NF was first discovered in 2001 and is a movement disorder identified by excess iron in specific 

areas of the brain (Lehn et al., 2012). NF is the only known autosomal dominant genetic disease of 

neurodegeneration caused by mutations in the ferritin light polypeptide 1 (FTL1) gene (Keogh et al., 

2013; Kumar et al., 2016). The modification causes mutant L-chain ferritins that negatively alter ferritin 

function and stability (Kuwata et al., 2019; McNally et al., 2019). Several conditions indicative of NF 

include brain iron accumulation (NBIA) disorder alongside pantothenate kinase-associated 

neurodegeneration (PKAN), phospholipase A2-associated neurodegeneration, mitochondrial membrane 

protein-associated neurodegeneration (MPAN), and beta-propeller protein-associated 

neurodegeneration (BPAN) (Hayflick et al., 2018). NBIAs are typically characterized by dystonia, 

Parkinsonism, spasticity, and iron accumulation within the basal ganglia. Depending on the NBIA 

subtype, the condition may also exhibit hyperphosphorylated tau, axonal swelling, and Lewy body 

formation (Arber et al., 2016). NF is typically considered as a diagnosis in patients exhibiting movement 

disorders, decreased SF, variable phenotypes, negative genetic testing for common movement disorders 

such as Huntington disease, and imaging showing potential iron deposits in the brain (Kumar et al., 

2016). 
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Iron deficiency (ID), referring to a reduced amount of iron stores, is usually an acquired disorder that 

affects over one billion people worldwide (Camaschella, 2015; Miller, 2013). Inadequate iron intake is 

often due to poverty, malnutrition, dietary restriction, and malabsorption; additional causes include 

menstrual periods, gastrointestinal bleeding, and chronic blood loss (DeLoughery, 2017; Kassebaum et 

al., 2014; Sankaran & Weiss, 2015). SF analysis is the most efficient test for a diagnosis of ID 

(DeLoughery, 2017). In children, ID is most commonly caused by insufficient dietary iron intake when 

compared to a child’s rapid growth rate, as well as gastrointestinal issues due to cow’s milk (Ozdemir, 

2015). 

It has been reported that more than one in three pregnant women present with iron-deficiency anemia 

worldwide (Lewkowitz & Tuuli, 2019). Anemia in pregnant women could affect the fetus’ intrauterine 

growth and may cause neurodevelopmental impairment (Marell et al., 2019). Maternal anemia in early 

pregnancy is associated with an increased risk of autism spectrum disorder, attention-

deficit/hyperactivity disorder, and intellectual disability (Wiegersma et al., 2019). Efficient vitamin and 

mineral supplementation are vital during pregnancy for the health of both the mother and of the fetus; 

however, certain supplements may be more helpful than others. It has been suggested that in pregnant 

women, intravenous iron administration may be a more effective treatment option than oral iron 

administration (Lewkowitz & Tuuli, 2019).   

Analytical Validity 

Low SF (<30ug/L) is a sensitive and specific indicator for ID (Dignass et al., 2018). However, a normal SF 

level can be misleading in the context of inflammation (Peng & Uprichard, 2017). Dignass et al. (2018) 

published recommendations which stated that the standard ID level is <30 μg/L and that “A 

serum ferritin threshold of <100 μg/L or TSAT < 20% can be considered diagnostic for iron deficiency in 

congestive heart failure (CHF), chronic kidney disease (CKD), and inflammatory bowel disease (IBD). If 

serum ferritin is 100-300 μg/L, TSAT < 20% is required to confirm iron deficiency. Routine surveillance of 

serum ferritin and TSAT in these at-risk groups is advisable so that iron deficiency can be detected and 

managed (Dignass et al., 2018).”  

Biomarker glycoprotein acetylation (GlycA) has been associated with chronic inflammation and utilizes 

nuclear magnetic resonance (NMR) to measure the serum or plasma concentration of the N-acetyl 

methyl functional groups of N-acetylglucosamine glycans associated with inflammation; these include 

transferrin, haptoglobin, α1-acid glycoprotein, α1-antitrypsin, and α1-antichymotrypsin (Ritchie et al., 

2015). According to Otvos et al. (2015), the simple integration of the GlycA signal to accurately quantify 

concentration is not possible due to signal overlap with allylic protons of unsaturated fatty acids in the 

plasma or serum sample; therefore, a linear least-squares deconvolution determination must be 

performed. In doing so, Otvos et al. (2015) have shown that GlycA has lower imprecision and variability 

than high-sensitivity C-reactive protein (hsCRP), cholesterol, and triglyceride testing; however, “because 

the GlycA signals originating from different plasma glycoproteins are not distinguishable, and the glycan 

on each is heterogeneous and varies dynamically, only a rough estimate can be made of how much each 

contributes to measured plasma GlycA concentrations” (Otvos et al., 2015). Consequently, the GlycA test 

cannot be used to accurately determine concentration of individual proteins, including transferrin. 

A study by Dahlfors et al. (2015) measured serum hepcidin in more than 400 patients using a 

competitive ELISA assay; several types of patients were included in this study including those with liver 

disorders and iron disorders, as well as healthy individuals. The researchers note that this ELISA assay 

has a good correlation with light chromatography with tandem mass spectroscopy (LC-MS/MS) (r=0.89), 

but it does cross-react with forms of hepcidin (hepcidin-20 and -22) that are not associated with iron 
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disorder biomarkers (Dahlfors et al., 2015). Another study by Karlsson (2017) compared the ELISA 

hepcidin assay to the use of ferritin, C-reactive protein (CRP), and IL-6 to differentiate ID anemia and 

anemia of inflammation in elder patients. Even though the study was small (n=30), they measured a 

sensitivity and specificity of the hepcidin assay of 100% and 67%, respectively, as compared to the lower 

sensitivity but higher specificity of ferritin (91% and 83%, respectively). It was concluded that “Hepcidin 

shows a strong positive correlation with ferritin, and also correlates positively with C-reactive protein in 

this patient population (Karlsson, 2017).” Recently, Chen et al. (2019) have developed a high‐

performance liquid chromatography/tandem mass spectrometry (HPLC/MS/MS) method, in accordance 

to CLSI-C62A guidelines, to measure serum hepcidin levels. This method has intra- and inter-day 

coefficients-of-variation (CVs) of <3% and <6%, respectively, with relative error rates ≤1.2% and ≤4.4% 

at ambient temperature and 4◦C, respectively. The authors also report that the relative error rate after 

three cycles of freeze-thaw (-70◦C) is ≤1.8% (Chen et al., 2019). 

A study by da Silva et al. (2019) has showed that both iron deficiency anemia (IDA) and sickle cell 

disease (SCD) can be detected in whole human blood samples via Raman spectroscopy; this study 

detected both IDA and SCD, when compared to healthy subject controls, with a sensitivity of 93.8% and 

a specificity of 95.7%. These results were based on detailed spectra analysis methods such as partial 

least squares and principal component analysis (da Silva et al., 2019). 

Among neonates, Gerday et al. (2020) measured urinary ferritin in neonatal intensive care unit (NICU) 

patients, and found that in those at risk for iron deficiency (n=49), “a corrected urine ferritin < 12 ng/mL 

had a sensitivity of 82% (95% CI, 67-93%) and a specificity of 100% (CI, 66-100%) for detecting iron-

limited erythropoiesis, with a positive predictive value of 100% (CI, 89-100%).” Though iron deficiency 

can be confirmed via serum iron, transferrin, SF, among other tests, the volume of blood and costs 

associated with these tests necessitate a non-invasive and accurate alternative for diagnosing iron 

deficiency (Gerday et al., 2020). 

Jones et al. (2021) investigated the effect of delayed processing on measuring 25 micronutrients and 

select clinical biomarkers, including iron (ferritin), in human blood samples. Blood from 16 healthy 

participants was collected and processed within either 2 hours or 24 hours. The concentration difference 

between the two process delays was compared. All analytes had a 4% or lower change in concentration 

between the two delays. There was no significant effect of delayed processing on ferritin. The authors 

concluded that “in blood collected from adult participants, delayed processing of chilled, whole blood 

for 24 hours did not materially affect the measured concentrations of the majority of micronutrient and 

selected clinical biomarkers” (Jones et al., 2021). 

Bell et al. (2021) performed a meta-analysis to study genes associated with iron homeostasis. Data about 

blood levels of ferritin, total iron binding capacity, iron saturation, and transferrin saturation was used 

from three genome-wide association studies from Iceland, the UK, and Demark. The authors identified 

56 loci with variants associated with one or more of the biomarkers, 46 of which are novel variants. 

Specifically, “variants at DUOX2, F5, SLC11A2 and TMPRSS6 associate with iron deficiency anemia, while 

variants at TF, HFE, TFR2 and TMPRSS6 associate with iron overload” (Bell et al., 2021). 

Clinical Validity and Utility 

Dysregulated iron metabolism has been implicated in a variety of pathophysiological conditions from 

mild ID to anemia, iron overload, inflammation, infection, cancer, and cardiovascular and 

neurodegenerative diseases (Gozzelino & Arosio, 2016).  Initial signs and symptoms of iron overload are 

insensitive and nonspecific, so laboratory studies including ferritin are clinically useful in the 
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identification and treatment of iron overload (Fleming & Ponka, 2012; Knovich et al., 2009; Koperdanova 

& Cullis, 2015). According to the Hemochromatosis and Iron Overload Screening (HEIRS) study (McLaren 

et al., 2003), ferritin levels above 200 ng/mL (449 pmol/L) in women or 300 ng/mL (674 pmol/L) in men 

with no signs of inflammatory disease warrant additional testing. Therapeutic phlebotomy is indicated in 

patients with hemochromatosis who have high TSAT and SF levels of more than 1000 ng/mL (2247 

pmol/L). Therapeutic phlebotomy is also recommended in patients who do not have anemia (Fleming & 

Ponka, 2012; Salgia & Brown, 2015; van Bokhoven et al., 2011). Saeed et al. (2015) used a receiver 

operating characteristic curve to evaluate the value of ferritin >500 ng/mL for diagnosing 

hemophagocytic lymphohistiocytosis (HLH) in 344 consecutive patients and found that the optimal 

maximum SF level for the diagnosis of HLH was 3951 ng/mL. 

Abioye et al. (2019) collected data from 2,100 pregnant women in Tanzania to determine how capable 

hematologic biomarkers such as hemoglobin and hepcidin, were at detecting IDA in pregnant woman; 

hepcidin administration >1.6 µg/L was found to reduce the risk of anemia at delivery by an estimated 

49%. This study suggests that both hemoglobin and hepcidin may be helpful in determining iron 

supplementation needs in “resource-limited countries” (Abioye et al., 2019). 

A study by Ismail et al. (2019) studied the role of hepcidin in children with b-thalassemia (n = 88 total). 

The authors measured both serum hepcidin and SF levels as well as determined the hepcidin:ferritin 

ratio. As expected, serum hepcidin significantly correlated with the hepcidin:ferritin ratio, but the authors 

reported that there was no statistically significant difference in serum hepcidin levels between 

splenectomized and non-splenectomized patients. Serum hepcidin levels were more elevated in 

individuals with -thalassemia, especially those with -thalassemia major (bTM), than in control patients 

(21.74 ng/mL and 13.01 ng/mL, respectively). The authors conclude, “Knowing that hepcidin in serum 

has a dynamic and multi-factorial regulation, individual evaluation of serum hepcidin and follow up, e.g. 

every 6 months could be valuable, and future therapeutic hepcidin agonists could be helpful in 

management of iron burden in such patient (Ismail et al., 2019).”  

Yuniati et al. (2019) studied the association between maternal vitamin D, ferritin, and hemoglobin levels 

during the first trimester of pregnancy, and how these factors affected birthweight. Data collected from 

these women included maternal demography, bloodwork to test ferritin levels, 25(OH) vitamin D results 

in their first trimester, and the final birthweight of the child after delivery. A total of 203 Indonesian 

women were followed until delivery; it was determined that neither vitamin D, ferritin or hemoglobin 

levels significantly impacted birthweights in this study. However, the authors suggest that other 

unknown variables may be at play here and that nutritional supplementation during pregnancy is still 

important (Yuniati et al., 2019). 

Kwiatek-Majkusiak et al. (2020) investigated the connection between hepcidin and chronic 

neuroinflammation. Serum hepcidin and IL-6 were found to be involved in the progression of 

Parkinson’s Disease. Dysregulation in immune/inflammatory pathways, wherein levels of serum hepcidin 

and IL-6 would be elevated, were not only predictive of neurodegeneration, with IL-6- induced hepcidin 

expression in astrocytes, microglia, and epithelial cells,  but also response to deep brain stimulation 

treatment (Kwiatek-Majkusiak et al., 2020). 

Brandtner et al. (2020) found linkages between serum markers of iron metabolism and prognosis of 

sepsis survival. Positive correlations were found between increased serum iron and SF levels and severity 

of organ failure (SOFA score) and mortality. High TSAT, elevated ferritin and serum iron levels, and low 

transferrin concentrations were associated with decreased chances of survival as well. This indicates the 
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utility of iron metabolism in the context of extreme systemic inflammation; from this study, it was also 

concluded that TSAT can be a stand-alone predictor of sepsis survival (Brandtner et al., 2020). 

Nalado et al. (2020) evaluated the diagnostic validity of GDF-15 and hepcidin as biomarkers of IDA in 

non-dialysis CKD patients. Serum levels of GDF-15 and hepcidin were measured in 312 non-dialysis CKD 

patients and 184 healthy control participants in Johannesburg, South Africa. For absolute IDA diagnosis 

among CKD patients, GDF-15 had a predictive value of 74.02%. For functional IDA diagnosis among CKD 

patients, hepcidin had a predictive value of 70.1%. The authors concluded that “serum GDF-15 is a 

potential biomarker of absolute IDA, while hepcidin levels can predict functional IDA among CKD 

patients” (Nalado et al., 2020).  

Phillips et al. (2021) studied how the full blood count (FBC) parameters change in older patients. FBC, 

mean corpuscular volume (MCV), and red cell distribution width (RDW) test results were compiled from 

male and female patients aged 1-100 years from the National Health Service in England. In males, the 

mean hemoglobin concentration increased from birth until age 20, then decreased at a steady rate from 

age 20 to 70, then decreased at a higher rate after age 70. In females, the mean hemoglobin 

concentration increased from birth until age 14, then decreased slowly from age 14 to 30, then 

increased again from age 30 to age 60, and then decreased after the age of 60. Overall, “hemoglobin 

concentrations in males and females begin to converge after age 60 and equalize by approximately 90 

years.” The authors concluded that FBC parameters trend throughout life, particularly “a falling 

hemoglobin level and rising MCV and RDW with older age” (Phillips et al., 2021). 

Mei et al. (2021) performed a cross-sectional study using data from the US National Health and 

Nutrition Examination Survey to determine physiologically based SF concentration thresholds for iron 

deficiency in healthy children (12-59 months) and non-pregnant woman (15-49 years). The study 

analyzed the relationship between SF and hemoglobin, and the relationship between SF and soluble 

transferrin receptor. The study resulted in SF concentration thresholds for iron deficiency of “about 20 

μg/L for children and 25 μg/L for non-pregnant women.” The authors concluded that “physiologically 

based thresholds for iron deficiency might be more clinically and epidemiologically relevant than those 

based on expert opinion” (Mei et al., 2021). 

Garcia-Casal et al. (2021) performed a meta-analysis studying the diagnostic accuracy of serum and                           

plasma ferritin concentrations for detecting iron deficiency or overload in primary and secondary iron-

loading syndromes. The authors used 72 studies, with a total of 6095 participants, that measured serum 

or plasma ferritin concentrations. The authors compared ferritin blood tests to iron levels in the bone 

marrow to diagnose iron deficiency, and compared ferritin blood tests to iron levels in the liver to 

diagnose iron overload. The authors concluded that at a threshold of 30 μg/L, there “is low-certainty 

evidence that blood ferritin concentration is reasonably sensitive and a very specific test for iron 

deficiency.” Additionally, there is “very low certainty that high concentrations of ferritin provide a 

sensitive test for iron overload in people where this condition is suspected.” The authors note that 

overall confidence in the studies is low because of potential bias, indirectness, and heterogenous 

evidence, and that there is insufficient evidence to make conclusions about using ferritin concentrations 

to diagnose iron deficiency or overload in asymptomatic people (Garcia-Casal et al., 2021). 

Auerbach et al. (2021) performed a study to assess the accuracy of diagnosing IDA using the complete 

blood cell count (CBC) and reticulocyte hemoglobin equivalent (RET-He) analysis. 556 patients referred 

for the diagnosis and/or treatment of anemia were studied at baseline, and 150 of the participants were 

later studied after intravenous iron treatment. RET-He identified iron deficiency with a 68.2% sensitivity 

and 69.7% specificity. RET-He predicted responsiveness to intravenous iron with 84% sensitivity and 78% 
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specificity. The authors concluded that “CBC and RET-He can identify patients with IDA, determine need 

for and responsiveness to intravenous iron, and reduce time for therapeutic decisions” (Auerbach et al., 

2021). 

Tahara et al. (2022) examined the usage of RET-He as a marker of iron deficiency in patients with heart 

failure, as both anemia and iron deficiency are common among patients with heart failure. RET-He has 

been considered as a proxy due to the limitations of using serum ferritin and transferrin saturation for 

the diagnosis of iron deficiency in the clinical setting. Namely, ferritin can be overestimated in cases of 

chronic inflammation, such as in the case of heart failure, and thus may be inaccurately measured for the 

diagnosis of iron deficiency. In this prospective study, researchers enrolled 142 patients hospitalized for 

decompensated heart failure, with 65% of them having iron deficiency. RET-He was directly correlated 

with serum iron and ferritin concentrations and TSAT for iron deficiency. They found that “there was a 

poor relationship between quartile of RET-He and [heart failure] hospitalization or death but increases or 

decreases in RET-He between admission and discharge were associated with a worse outcome.” This 

demonstrated a potential for using RET-He for predicting improvements in iron deficiency per response 

to IV iron and prognosis of patients with comorbid iron deficiency and heart failure.  

Guidelines and Recommendations 

Guidelines and recommendations related to the screening of anemia in certain populations are available; 

however, published recommendations regarding the use of ferritin as a first-line test in asymptomatic 

individuals have not been identified.  

In regard to NF, “At present, no established guidelines or specific management recommendations for 

patients with NF have been identified. An individualized symptomatic approach to treatment is 

recommended (Kumar et al., 2016).” To date, the only NBIA guidelines published concerning diagnosis 

and management of the condition is pantothenate kinase-associated neurodegeneration (PKAN, 

formerly called Hallervorden-Spatz syndrome) (Hogarth et al., 2017). 

American Gastroenterological Association (AGA)  

The AGA has published its official recommendations on the gastrointestinal evaluation of iron deficiency 

anemia (IDA). It has stated:  

1. “In patients with anemia, the AGA recommends using a cutoff of 45 ng/mL over 15 ng/mL when 

using ferritin to diagnose iron deficiency. 

In patients with inflammatory conditions or chronic kidney disease, other laboratory tests, such as 

C-reactive protein, transferrin saturation, or soluble transferrin saturation, may be needed in 

conjunction with ferritin to diagnose iron deficiency anemia” (Ko et al., 2020). 

American Society of Clinical Oncology (ASCO) and the American Society of Hematology (ASH)  

The ASCO and ASH have published guidelines regarding the management of cancer-related anemia with 

erythropoiesis-stimulating agents (ESAs). It is stated that “With the exception of selected patients with 

MDS, ESAs should not be offered to most patients with nonchemotherapy-associated anemia. During 

ESA treatment, hemoglobin may be increased to the lowest concentration needed to avoid transfusions. 

Iron replacement may be used to improve hemoglobin response and reduce RBC transfusions for 

patients receiving ESA with or without ID. Baseline and periodic monitoring of iron, total iron-binding 

capacity, transferrin saturation, or ferritin levels is recommended” (Bohlius et al., 2019). 



 

   Page 13 of 23 

American Academy of Family Physicians (AAFP)  

The AAPF have recommend the following with “C” evidence ratings (consensus, disease-oriented 

evidence, usual practice, expert opinion, or case series):  

• “A low serum ferritin level is associated with a diagnosis of iron deficiency anemia,”  

• “Older patients with suspected iron deficiency anemia should undergo endoscopy to evaluate for 

occult gastrointestinal malignancy,” and  

• “Low-dose formulations of iron (15 mg of elemental iron) can be effective for treatment of 

suspected iron deficiency anemia and have a lower risk of adverse effects than standard 

preparations” (Lanier et al., 2018). 

Also stated is: “Patients with an elevated serum ferritin level or macrocytic anemia should be evaluated 

for underlying conditions, including vitamin B12 or folate deficiency, myelodysplastic syndrome, and 

malignancy” (Lanier et al., 2018). 

The Endocrine Society 

The Endocrine Society’s 2018 guidelines on testosterone therapy in men with hypogonadism state, “In 

men deemed to have secondary hypogonadism, additional diagnostic evaluations may be needed to 

exclude hyperprolactinemia, head trauma, iron overload syndromes, hypothalamic or pituitary tumors, 

and other infiltrative or destructive hypothalamic–pituitary diseases, as well as genetic disorders 

associated with gonadotropin deficiency. Measuring serum prolactin and iron saturation and/or serum 

ferritin can help determine the presence of hyperprolactinemia and iron overload syndromes, 

respectively” (Bhasin et al., 2018). 

The American College of Gastroenterology (ACG)  

ACG practice guidelines regarding the evaluation of abnormal liver chemistries recommend that “All 

patients with abnormal liver chemistries in the absence of acute hepatitis should undergo testing for 

hereditary hemochromatosis with an iron level, transferrin saturation, and serum ferritin [Strong 

recommendation, very low level of evidence]” (Kwo et al., 2017). 

World Health Organization (WHO)  

The WHO guideline on the use of ferritin concentrations to assess iron status in individuals and 

populations, published in 2020, updated the previous serum ferritin levels recommendations. The 

guidelines recommend cut-off serum ferritin levels for iron deficiency in infants (0-23 months) and 

preschool children (24-59 months) as under 12 μg/L in apparently healthy individuals and under 30 μg/L 

in individuals with infections or inflammation. The guidelines recommend cut-off serum ferritin levels for 

iron deficiency in school age children (5-12 years), adolescents (13-19 years), adults (20-59 years), and 

older persons (over 60 years) as under 15 μg/L in apparently healthy individuals and under 70 μg/L in 

individuals with infections or inflammation. The guidelines recommend cut-off serum ferritin levels for 

iron deficiency in apparently healthy pregnant women in their first trimester as under 15 μg/L.  

The guidelines recommend cut-off serum ferritin levels for risk of iron overload in school age children 

(5-12 years), adolescents (13-19 years), adults (20-59 years), and older persons (over 60 years) as over 

150 μg/L in apparently healthy individuals females, over 200 μg/L in apparently healthy males, and over 

500 μg/L in individuals with infections or inflammation (WHO, 2020). 
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International Consensus Guideline for Clinical Management of Pantothenate Kinase-Associated 

Neurodegeneration (PKAN)  

An international group released guidelines concerning the clinical management of the NBIA condition 

PKAN in 2017. Although no specific recommendation is directly given regarding measurement of iron, 

Hogarth et al. (2017) state, “The role that iron plays in PKAN pathogenesis is still unclear because iron 

dyshomeostasis is a secondary phenomenon in this disorder. Nevertheless, high iron levels develop in 

globus pallidus and probably contribute to cell and tissue damage. The utility of iron chelators has been 

limited by systemic iron depletion. Newer agents more readily cross the blood-brain barrier yet have a 

lower affinity for iron, thereby minimizing systemic iron loss.” Concerning diagnosis of PKAN, “People 

suspected to have PKAN based on clinical features should undergo brain MRI using iron sensitive 

sequences such as SWI, GRE, T2* as a first line diagnostic investigation to identify the characteristic 

changes. The MRI abnormality, called the ‘eye-of-the-tiger’ sign, is observed on T2-weighted imaging 

and consists of hypointense signal in the globus pallidus surrounding a region of hyperintense signal” 

(Hogarth et al., 2017). 

International Consensus Statement on the Peri-operative Management of Anemia and Iron 

Deficiency  

An expert workshop, including a number of experienced researchers and clinicians, was conducted to 

develop a guidance for the diagnosis and management of anemia in surgical patients. A series of best-

practice and evidence-based statements to advise on patient care with respect to anemia have been 

published via this workshop. It was stated that serum ferritin measurement is the most sensitive and 

specific test used for the identification of absolute iron deficiency (Munoz, Acheson, et al., 2017). 

European Crohn’s and Colitis Organisation (ECCO)  

ECCO guidelines published in 2015 concerning iron deficiency and anemia in IBD with an EL 5 

recommendation state, “For laboratory screening, complete blood count, serum ferritin, and C-reactive 

protein [CRP] should be used. For patients in remission or mild disease, measurements should be 

performed every 6 to 12 months. In outpatients with active disease such measurements should be 

performed at least every 3 months” (Dignass et al., 2015). Also mentioned in the section concerning the 

workup for anemia with an EL-4 recommendation is that anemia workups “should be initiated if the 

hemoglobin is below normal. The minimum workup includes red blood cell indices such as red cell 

distribution width [RDW] and mean corpuscular volume [MCV], reticulocyte count, differential blood cell 

count, serum ferritin, transferrin saturation [TfS], and CRP concentration. More extensive workup 

includes serum concentrations of vitamin B, folic acid, haptoglobin, the percentage of hypochromic red 

cells, reticulocyte hemoglobin, lactate dehydrogenase, soluble transferrin receptor, creatinine, and urea” 

(Dignass et al., 2015). 

The U.S. Preventive Services Task Force  

The USPSTF states, “the current evidence is insufficient to assess the balance of benefits and harms of 

screening for iron deficiency anemia in pregnant women to prevent adverse maternal health and birth 

outcomes; the current evidence is insufficient to assess the balance of benefits and harms of routine iron 

supplementation for pregnant women to prevent adverse maternal health and birth outcomes; the 

current evidence is insufficient to assess the balance of benefits and harms of screening for iron 

deficiency anemia in children ages 6 to 24 months” (Siu, 2015a, 2015b). All recommendations have been 
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given a grade I. The screening guidelines for iron deficiency anemia in pregnant women are currently 

being updated as of June 30, 2022. 

American Society of Hematology (ASH)  

In the ASH “Guidelines for Quantifying Iron Overload”, it is stated that “Despite improved availability of 

advanced imaging techniques, serum ferritin remains the mostly commonly used metric to monitor iron 

cheation therapy and remains the sole metric in many countries. Serum ferritin measurements are 

inexpensive and generally correlate with both total body iron stores and clinical outcomes…  Given 

interpatient and temporal variability of serum ferritin values, serum ferritin is best checked frequently 

(every 3-6 weeks) so that running averages can be calculated; this corrects for many of the transient 

fluctuations related to inflammation and liver damage.” Regarding the use of transferrin, the guidelines 

also state that “Iron that is bound to transferrin is not redox active, nor does it produce extrahepatic iron 

overload. However, once transferrin saturations exceed 85%, non-transferrin-bound iron (NTBI) species 

begin to circulate, creating a risk for endocrine and cardiac iron accumulation. A subset of NTBI can 

catalyze Fenton reactions and is known as labile plasma iron (LPI). Therefore, transferrin saturation, NTBI, 

and LPI are potentially attractive serum markers for iron toxicity risk. Transferrin saturation is widely 

available, but values cannot be interpreted if iron chelator is present in the bloodstream, so patients 

have to be instructed to withhold iron chelation for at least 1 day before measurement… Although some 

studies link elevated LPI to cardiac iron accumulation, large validation studies are lacking. Therefore, to 

date, these metrics remain important and interesting research tools, but are not suitable for routine 

monitoring” (Wood, 2014). Within the conclusion of the paper, the author notes that “Serum markers of 

somatic stores (ferritin and transferrin saturation) are useful surrogates for total iron stores and 

extrahepatic risk, respectively. However, they cannot replace LIC or cardiac T2* assessment for 

monitoring chelator efficacy or stratifying end organ risk” (Wood, 2014). 

The National Kidney Foundation-Kidney Disease Outcomes Quality Initiative (NKF-KDOQI) 

The National Kidney Foundation-Kidney Disease Outcomes Quality Initiative (KDOQI) published 

guidelines in 2012. In 2013, the Kidney Disease: Improving Global Outcomes (KDIGO) group reviewed 

these guidelines in a separate publication. Based on the suggestions made by the KDOQI, the KDIGO 

“continued to recommend the use of serum ferritin concentration and transferrin saturation (TSAT) to 

define iron stores and iron availability. For all their imperfections, these metrics remain our best routinely 

available tools to assess iron status and manage iron supplementation. In the absence of superior, cost-

effective, and easily applicable alternatives, this approach seems reasonable” (Kliger et al., 2013). 

Further, the KDOQI stated that ferritin testing along with TSAT as part of the evaluation of iron status in 

individuals with chronic kidney disease who are being treated for anemia is recommended. Also, in 

agreement with KDIGO, the KDOQI recommend testing prior to initiation of treatment, once per month 

during initial treatment, and at least every 3 months after a stable hemoglobin level is reached.   

Kidney Disease Improving Global Outcomes  

In the 2012 KDIGO Clinical Practice Guideline for Anemia in Chronic Kidney Disease publication, a 

complete blood count, absolute reticulocyte count, serum ferritin, serum transferrin saturation (TSAT), 

serum vitamin B12, and serum folate levels are recommended as part of an initial evaluation of anemia for 

all CKD patients, regardless of age or stage of degree progression. Moreover, for patients undergoing 

ESA therapy, “including the decision to start or continue iron therapy,” both TSAT and ferritin should be 

tested at least every 3 months; TSAT and ferritin should be tested “more frequently when initiating or 
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increasing ESA dose, when there is blood loss, when monitoring response after a course of IV iron, and 

in other circumstances where iron stores may become depleted” (KDIGO, 2012). 

International Society of Nephrology (ISN)  

The most recent guidelines from the ISN, released in 2008, state that for CKD patients “who require iron 

and/or ESA therapy, measurement of serum ferritin and transferrin saturation every 1-3 months is 

reasonable, depending upon the clinical status of the patient, the hemoglobin response to iron 

supplementation, the ESA dose, and recent iron status test results; in stable patients with mild anemia 

(hemoglobin >110 g/l) who are not receiving iron or ESA therapy, assessment of iron status could be 

performed less frequently, potentially on a yearly basis” (Madore et al., 2008). 

Applicable State and Federal Regulations 

DISCLAIMER: If there is a conflict between this Policy and any relevant, applicable government policy for 

a particular member [e.g., Local Coverage Determinations (LCDs) or National Coverage Determinations 

(NCDs) for Medicare and/or state coverage for Medicaid], then the government policy will be used to 

make the determination. For the most up-to-date Medicare policies and coverage, please visit the 

Medicare search website: https://www.cms.gov/medicare-coverage-database/search.aspx. For the most 

up-to-date Medicaid policies and coverage, visit the applicable state Medicaid website. 

Food and Drug Administration (FDA) 

Many labs have developed specific tests that they must validate and perform in house. These laboratory-

developed tests (LDTs) are regulated by the Centers for Medicare and Medicaid (CMS) as high-

complexity tests under the Clinical Laboratory Improvement Amendments of 1988 (CLIA ’88). LDTs are 

not approved or cleared by the U. S. Food and Drug Administration; however, FDA clearance or approval 

is not currently required for clinical use. 

Applicable CPT/HCPCS Procedure Codes 

CPT Code Description 

82728 Ferritin 

83540 Iron 

83550 Iron binding capacity 

84466 Transferrin 

84999 Unlisted chemistry procedure 

0024U Glycosylated acute phase proteins (GlycA), nuclear magnetic resonance spectroscopy, 

quantitative 

Proprietary test: GlycA 

Lab/Manufacturer: Laboratory Corporation of America 

0251U Hepcidin-25, enzyme-linked immunosorbent assay (ELISA), serum or plasma 

Proprietary test: Intrinsic Hepcidin IDx™ Test 

Lab/Manufacturer: IntrinsicDx 

Current Procedural Terminology© American Medical Association.  All Rights reserved. 

Procedure codes appearing in Medical Policy documents are included only as a general reference 

tool for each policy. They may not be all-inclusive. 

https://www.cms.gov/medicare-coverage-database/search.aspx
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Policy Description  

Nipple aspiration and/or ductal lavage are non -invasive techniques to obtain epithelial cells for 
cytological examination to aid in the evaluation of nipple discharge for breast cancer risk  (Golshan, 
2022). Fine needle aspiration (FNA) is another approach that can be used in the initial diagnosis of a 
suspicious breast mass, although core biopsy is superior in sensitivity, specificity, and correct histological 
grading (Moy et al., 2017).  

Related Policies  

Policy Number  Policy Title  
AHS-G2124 Serum Tumor Markers for Malignancies 

AHS-M2126 Use Of Common Genetic Variants (Single Nucleotide Polymorphisms) To 
Predict Risk of Non-Familial Breast Cancer 

Indications and/or Limitations of Coverage  

Application of coverage criteria is dependent upon an �L�Q�G�L�Y�L�G�X�D�O�·�V���E�H�Q�H�I�L�W���F�R�Y�H�U�D�J�H���D�W���W�K�H���W�L�P�H���R�I���W�K�H��
�U�H�T�X�H�V�W�����6�S�H�F�L�I�L�F�D�W�L�R�Q�V���S�H�U�W�D�L�Q�L�Q�J���W�R���0�H�G�L�F�D�U�H���D�Q�G���0�H�G�L�F�D�L�G���F�D�Q���E�H���I�R�X�Q�G���L�Q���W�K�H���´�$�S�S�O�L�F�D�E�O�H���6�W�D�W�H���D�Q�G��
�)�H�G�H�U�D�O���5�H�J�X�O�D�W�L�R�Q�V�µ���V�H�F�W�L�R�Q���R�I���W�K�L�V���S�R�O�L�F�\���G�R�F�X�P�H�Q�W�� 

Revision Date: February 1, 2025
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The following does not meet coverage criteria due to a lack of available published scientific literature 

confirming that the test(s) is/are required and beneficial for the diagnosis and treatment of an individual’s 

illness. 

1) Cytologic analysis of epithelial cells to assess breast cancer risk and manage patients at high risk of 

breast cancer DOES NOT MEET COVERAGE CRITERIA.  

 

Table of Terminology 

Term Definition 

ACR American College of Radiology 

ASBS American Society of Breast Surgeons 

CMS Centers for Medicare and Medicaid Services 

DHEA Dehydroepiandrosterone 

FDA Food and Drug Administration 

FNA Fine needle aspiration 

LDT Laboratory developed Tests 

NAF Nipple aspirate fluid 

NCCN National Comprehensive Cancer Network 

PED Proliferative epithelial disease 

Scientific Background 

Breast cancer is the most frequently diagnosed cancer and is a leading cause of cancer death in the 

United States. Nipple discharge is a common breast complaint. Most nipple discharge is of benign 

origin; however, it is necessary to differentiate patients with benign nipple discharge from those who 

have an underlying pathology. In approximately five to 15 percent of pathologic nipple discharge cases, 

cancer is identified (Golshan, 2022). 

Breast cancer originates in breast epithelium and is associated with progressive molecular and 

morphologic changes. Individuals with atypical breast ductal epithelial cells have an increased relative 

risk of breast cancer. Cytological evaluation of epithelial cells in nipple discharge has been used as a 

diagnostic aid. Due to the scant cellularity of specimens obtained by expression or aspiration of nipple 

discharge, ductal lavage was developed to enhance the ease and efficiency of collecting breast epithelial 

cells for cytologic analysis. The analysis of breast-specific liquid biopsies, such as nipple aspirate fluid, 

has potential to be used as a biomarker profiling technique for monitoring breast health (Shaheed et al., 

2018). Researchers report that the measurement of nipple aspirate fluid, including miRNA, pathological 

nipple discharge, and breast ductal fluids, may help to improve early detection and management of 

breast cancer (Moelans et al., 2019). 

Fine needle aspiration (FNA) is a biopsy option for a suspicious palpable breast mass. FNA is a rapid 

diagnosis technique, but it is not as accurate as core needle biopsy. FNA cannot differentiate in situ and 

invasive cancer and has higher rates of negative results and insufficient samples than core needle 

biopsy. The success of FNA results also varies with the operator and cytopathologist (Joe & Esserman, 

2023).  
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Analytic Validity 

In a retrospective study of 618 patients with nipple discharge over a 14-year period, the sensitivity and 

specificity of cytology were 17 and 66 percent, respectively; the authors concluded that “nipple 

discharge cytology has little complementary diagnostic value” (Kooistra et al., 2009). 

Clinical Utility and Validity 

Hornberger et al. (2015) performed a meta-analysis on the use of nipple aspirate fluid (NAF) in 

identifying breast cancer based on proliferative epithelial disease (PED). The authors reviewed 16 articles, 

20808 unique aspirations, and 17378 subjects. Among cancer-free patients, 51.5% aspirations contained 

fluid, of which 27.7% showed a PED on cytology. Of the two prospective studies of 7850 women, 

patients with abnormal cytology showed a 2.1-fold higher risk of developing breast cancer compared to 

those without fluid (Hornberger et al., 2015). 

Chatterton et al. (2016) measured sex steroid levels in nipple aspirate fluid; hormones were measured in 

samples from 160 breast cancer cases and 157 controls. Results showed a significantly higher 

concentration of dehydroepiandrosterone (DHEA) in the nipple aspirate fluid of patients with breast 

cancer compared to controls; further, DHEA levels were highly correlated with estradiol levels, indicating 

“a potentially important role of this steroid in breast cancer risk” (Chatterton et al., 2016). 

Kamalı and Kamalı (2022) studied the usefulness of testing methods in surgical decision making. The 

study included 141 patients with pathological nipple discharge who were planning to undergo surgery. 

The diagnostic efficiency of ductal lavage cytology was compared to that of ultrasonography, 

mammography, magnetic resonance imaging, and ductography. The sensitivity of ductal lavage cytology 

was 70.5% and the specificity was 94.1%. The authors conclude that “negative cytology does not exclude 

the possibility of malignancy, and positive results do not help in the differential diagnosis” (Kamalı & 

Kamalı, 2022). 

Guidelines and Recommendations 

American Society of Breast Surgeons (ASBS)  

The Official Statement by the American Society of Breast Surgeons (ASBS, 2019) regarding Screening 

Mammography does not mention ductal lavage at all in their statement.  

In 2016, the ASBS published a consensus guideline on the concordance assessment of image-guided 

breast biopsies and the management of borderline or high-risk lesions. These guideline state that “The 

decision to excise a papillary lesion without atypia needs to be individualized based on risk, including 

such criteria as size; symptomatology, including palpability and presence of nipple discharge; and breast 

cancer risk factors” (ASBS, 2016). This is the only mention of nipple discharge in the document. 

National Comprehensive Cancer Network (NCCN)  

National Comprehensive Cancer Network Clinical Practice Guidelines in breast cancer screening and 

diagnosis (NCCN, 2023) state that “thermography and ductal lavage are not recommended by the NCCN 

Panel for breast cancer screening or diagnosis.” The NCCN also notes that “the FDA has issued a safety 

alert stating that ductal lavage should not be a replacement for mammograms” (NCCN, 2023). 

Food and Drug Administration (FDA) 
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In 2017 the FDA issued a safety warning (FDA, 2017) stating that “…the FDA is unaware of any valid 

scientific data to show that a nipple aspirate test, when used on its own, is an effective screening tool for 

any medical condition, including the detection of breast cancer or other breast disease.”  

American College of Radiology (ACR)  

The 2022 ACR appropriateness criteria for the evaluation of nipple discharge do not mention cytology. 

The ACR states that “image-guided FNA and core biopsy are not required for the evaluation of 

physiologic nipple discharge” but “image-guided FNA and core biopsy are not required for the 

evaluation of physiologic nipple discharge”. The ACR also notes “although some institutions 

demonstrate good results using FNA, larger series have shown that core biopsy is superior to FNA in 

terms of sensitivity, specificity, and correct histologic grading of a lesion" (Sanford et al., 2022).  

Applicable State and Federal Regulations 

DISCLAIMER: If there is a conflict between this Policy and any relevant, applicable government policy for 

a particular member [e.g., Local Coverage Determinations (LCDs) or National Coverage Determinations 

(NCDs) for Medicare and/or state coverage for Medicaid], then the government policy will be used to 

make the determination. For the most up-to-date Medicare policies and coverage, please visit the 

Medicare search website: https://www.cms.gov/medicare-coverage-database/search.aspx. For the most 

up-to-date Medicaid policies and coverage, visit the applicable state Medicaid website. 

Food and Drug Administration (FDA) 

Many labs have developed specific tests that they must validate and perform in house. These laboratory-

developed tests (LDTs) are regulated by the Centers for Medicare and Medicaid (CMS) as high-

complexity tests under the Clinical Laboratory Improvement Amendments of 1988 (CLIA ’88). LDTs are 

not approved or cleared by the U. S. Food and Drug Administration; however, FDA clearance or approval 

is not currently required for clinical use. 

Applicable CPT/HCPCS Procedure Codes 

CPT Code Description 

88108 

Cytopathology, concentration technique, smears and interpretation (eg, Saccomanno 

technique) 

88112 

Cytopathology, selective cellular enhancement technique with interpretation (eg, liquid 

based slide preparation method), except cervical or vaginal 

88172 

Cytopathology, evaluation of fine needle aspirate; immediate cytohistologic study to 

determine adequacy for diagnosis, first evaluation episode, each site 

88173 Cytopathology, evaluation of fine needle aspirate; interpretation and report 

88177 

Cytopathology, evaluation of fine needle aspirate; immediate cytohistologic study to 

determine adequacy for diagnosis, each separate additional evaluation episode, same site 

(List separately in addition to code for primary procedure) 

Current Procedural Terminology© American Medical Association.  All Rights reserved. 

 

Procedure codes appearing in Medical Policy documents are included only as a general reference tool for 

each policy. They may not be all-inclusive. 

https://www.cms.gov/medicare-coverage-database/search.aspx
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09/06/2023 Reviewed and Updated: Updated the background, guidelines and recommendations, 

and evidence-based scientific references. Literature review necessitated the following 

changes to coverage criteria: 

CC1 updated to reflect that all cytological analysis for breast cancer diagnosis 

DNMCC, as biopsy should be used to diagnose. CC now reads: “1) Cytologic analysis 

of epithelial cells to assess breast cancer risk and manage patients at high risk of 

breast cancer DOES NOT MEET COVERAGE CRITERIA.” 

Added CPT code 88172, 88173, 88177 
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Policy Description  

Intestinal dysbiosis is defined as a disruption or imbalance of the intestinal microbial ecology  (Guinane 
& Cotter, 2013). Dysbiosis is associated with many diseases, including irritable bowel syndrome (IBS), 
inflammatory bowel diseases (IBD), �F�H�O�L�D�F���G�L�V�H�D�V�H�����P�X�O�W�L�S�O�H���V�F�O�H�U�R�V�L�V�����6�M�R�J�U�H�Q�·�V���6�\�Q�G�U�R�P�H����obesity, 
allergy, and diabetes (Carding et al., 2015; Marietta et al., 2020).  

Related Policies  

Policy Number  Policy Title  
AHS-G2056 Diagnosis of Idiopathic Environmental Intolerance 

AHS-G2061 Fecal Calprotectin Testing 

AHS-G2121 Laboratory Testing for the Diagnosis of Inflammatory Bowel Disease 

Initial Presentation Date: 09/18/2015 

Revision Date: February 1, 2025
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Indications and/or Limitations of Coverage 

Application of coverage criteria is dependent upon an individual’s benefit coverage at the time of the 

request. Specifications pertaining to Medicare and Medicaid can be found in the “Applicable State and 

Federal Regulations” section of this policy document. 

1) Prior to fecal microbiota transplant (FMT), fecal analysis by culture for the following microorganisms 

MEETS COVERAGE CRITERIA: 

a) Extended spectrum beta-lactamase (ESBL)-producing Enterobacteriaceae  

b) Vancomycin-resistant Enterococci (VRE)  

c) Carbapenem-resistant Enterobacteriaceae (CRE)  

d) Methicillin-resistant Staphylococcus aureus (MRSA) 

e) Campylobacter 

f) Shigella 

g) Salmonella 

2) Prior to fecal microbiota transplant (FMT), fecal analysis for the following microorganisms by nucleic 

acid amplification testing (NAAT) MEETS COVERAGE CRITERIA: 

a) Clostridium difficile 

b) Campylobacter 

c) Salmonella 

d) Shigella 

e) Shiga toxin-producing Escherichia coli  

f) Norovirus 

g) Rotavirus 

h) COVID-19 (SARS-CoV-2) 

3) Prior to fecal microbiota transplant (FMT), fecal analysis for the following microorganisms by nucleic 

acid amplification testing (NAAT) DOES NOT MEET COVERAGE CRITERIA: 

a) Extended spectrum beta-lactamase (ESBL)-producing Enterobacteriaceae  

b) Vancomycin-resistant Enterococci (VRE)  

c) Carbapenem-resistant Enterobacteriaceae (CRE)  

d) Methicillin-resistant Staphylococcus aureus (MRSA) 

e) Any other microorganisms not listed above 

The following does not meet coverage criteria due to a lack of available published scientific literature 

confirming that the test(s) is/are required and beneficial for the diagnosis and treatment of an individual’s 

illness. 
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4) As a diagnostic test for the evaluation of intestinal dysbiosis, irritable bowel syndrome, malabsorption, 

or small intestinal overgrowth of bacteria, fecal analysis of the following components DOES NOT 

MEET COVERAGE CRITERIA:  

a) Triglycerides 

b) Chymotrypsin 

c) Iso-butyrate, iso-valerate, and n-valerate 

d) Meat and vegetable fibers 

e) Long chain fatty acids 

f) Cholesterol 

g) Total short chain fatty acids 

h) The levels of Lactobacilli, bifidobacteria, and E. coli and other "potential pathogens," 

including Aeromona, Bacillus cereus, Campylobacter, Citrobacter, Klebsiella, Proteus, Pseudomonas, 

Salmonella, Shigella, S. aureus, Vibrio 

i) For the identification and quantitation of fecal yeast (including C. albicans, C. tropicalis, 

Rhodoptorul and Geotrichum) 

j) N-butyrate 

k) Beta-glucoronidase 

l) pH 

m) Short chain fatty acid distribution (adequate amount and proportions of the different short chain 

fatty acids reflect the basic status of intestinal metabolism) 

n) Fecal secretory IgA 

Table of Terminology 

Term Definition 

ACG American College of Gastroenterology 

AGA American Gastroenterological Association 

ASGE American Society for Gastrointestinal Endoscopy 

BSG British Society of Gastroenterology  

CBC Complete blood cell count 

CD Crohn's disease 

CDI Clostridium difficile infection  

CMS Centers for Medicare and Medicaid Services 

CPE Carbapenemase-producing Enterobacteriaceae/Enterobacterales 

CRE Carbapenem-resistant Enterobacteriaceae/Enterobacterales 

CRP C-reactive protein 

ECCO European Crohn’s and Colitis Organization 

EIA Enzyme immunoassay  

ELISA Enzyme-linked immunoassay 
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EMA Endomysial antibodies 

EPEC Enteropathogenic Escherichia coli 

ESBL Extended spectrum beta-lactamase  

ESGAR European Society of Gastrointestinal and Abdominal Radiology 

ESPGHAN European Society for Pediatric Gastroenterology, Hepatology, and Nutrition 

ESPID European Society for Pediatric Infectious Diseases 

ESR Erythrocyte sedimentation rate 

FBC Full blood count  

FDA Food and Drug Administration  

FGFP Flemish gut flora project 

FMT Fecal microbiota transplant 

GI Gastrointestinal 

HIS Healthcare Infection Society 

IBD Inflammatory bowel disease 

IBS Irritable bowel syndrome  

IDSA Infectious Diseases Society of America 

IMO Intestinal methanogenic overgrowth 

IND Investigational new drug  

MDROs Multidrug resistant organisms 

MRSA Methicillin-resistant staphylococcus aureus 

NAAT Nucleic acid amplification testing 

NASPGHAN North American Society for Pediatric Gastroenterology, Hepatology and Nutrition 

NICE National Institute for Health and Care Excellence  

SATs Single-arm trials 

SBBO Small bowel bacterial overgrowth 

SCFA Short-chain fatty acids 

SIBO Small intestinal bacterial overgrowth 

STEC Shigatoxin-producing Escherichia coli  

TTG Tissue transglutaminase 

UC Ulcerative colitis  

VRE Vancomycin-resistant enterococci  

WGO World Gastroenterology Organization  

Scientific Background 

The human intestinal tract has a diverse and complex microbial community necessary for health and 

nutrition. The gut microbiome is estimated to consist of upwards of 1000 bacterial species (Guinane & 

Cotter, 2013; Ley, Peterson, et al., 2006; Qin et al., 2010). The microbiota functions with the immune 

system to protect against pathogens. It also performs essential metabolic functions, extracting certain 

forms of energy and nutrients from food and providing a source of other essential nutrients and 

vitamins (Carding et al., 2015).  
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The gut is colonized at birth, but the intestinal microbiome changes rapidly during the first year of life. In 

adults, each individual’s unique population of gut microbiota is fairly stable over time; however, 

alterations in the microbiota can result from exposure to various environmental factors, including diet, 

toxins, drugs, and pathogens (Carding et al., 2015; Lozupone et al., 2012; Snapper & Abraham, 2022). 

This change in an individual’s normal microbiota is called “dysbiosis” (Johnston Jr, 2023). Dysbiosis has 

been associated with obesity (Ley, Turnbaugh, et al., 2006; Zhang et al., 2009) malnutrition (Kau et al., 

2011), systematic diseases such as diabetes (Qin et al., 2012) and chronic inflammatory diseases such as 

inflammatory bowel disease (IBD) (Frank et al., 2007; Guinane & Cotter, 2013). Both direct assessment of 

the gut microbiota (examination of bacteria levels) and indirect assessment (measurement of non-living 

markers such as pH or beta-glucoronidase) have been proposed for investigation of intestinal dysbiosis.  

Microbial or microbial-derived components have also been cited as potential representations of 

dysbiosis. For example, short-chain fatty acids have been identified as a mechanism to regulate intestinal 

processes and, as such, may represent dysbiosis (Johnston Jr, 2023). These fatty acids are the products of 

bacterial fermentation of fiber, and the concentrations of these fatty acids have been noted to decrease 

in IBD cases. Some fatty acids, especially butyrate, have been demonstrated to factor in signaling 

cascades that control immune function, which indicates a role in controlling intestinal inflammation 

(Parada Venegas et al., 2019). Ongoing research has uncovered many other potential links between 

intestinal metabolism and gut microbiota so many markers have been suggested as potential indicators 

of dysbiosis.  

Many tests exist for the assessment of the gut microbiome. Due to the amount of conditions associated 

(or proposed to be associated) with gut microbiome balance, there are many corresponding tests, 

including screening measures intended for completely healthy individuals. These tests primarily revolve 

around nucleic acid amplification; microbial DNA or RNA is obtained from the sample, unique sequences 

are identified, and the nucleic acid is quantified (Raby, 2020). For instance, Viome offers a 

comprehensive screening panel that measures “all microorganisms” in the gut (including viruses, 

archaea, yeast, fungi, parasites, and bacteriophages). Those measurements are combined into a score for 

various issues, such as inflammatory activity, digestive efficiency, methane gas production, overall gas 

production, and more (Viome, 2023). Viome also provides a list of nutritional recommendations, broken 

down into individual foods. Viome performs RNA sequencing with Illumina NextSeq and uses 

bioinformatics algorithms to classify taxonomic data (Viome, 2019). 

Some companies may offer companion products with their gut microbiome tests. BioHM provides a 

similar assessment of bacterial and fungal species in an individual’s gastrointestinal tract, but the 

company also offers a series of probiotics. These probiotics are intended for various purposes, such as 

colon cleansing or immunity (BioHM, 2023). Other companies offering a gut microbiome test include 

Thryve, GenCove, DayTwo, American Gut, and Genova (DNATestingChoice, 2019; Genova, 2023). 

The potential clinical impact of imbalance in the intestinal microbiota suggests a need for standardized 

diagnostic methods to facilitate microbiome profiling. Documenting dysbiosis has traditionally relied on 

classical microbiological techniques and the ability to culture pure isolates for identification and 

classification; however, the ability to classify bacteria and archaea according to individual 16S rRNA 

sequences can now possibly provide a rapid and detailed means of profiling complex communities of 

microorganisms (Casen et al., 2015; Zoetendal et al., 1998).   Laboratory analysis of various fecal 

biomarkers have also been proposed as a method of identifying individuals with intestinal dysbiosis and 

may be useful in providing insight into the role of intestinal health and disease, and the development of 

non-gastrointestinal conditions associated with intestinal dysbiosis. However, there is a current lack of 
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literature on the normal ranges of these biomarkers, which limit the applicability of these analyses in a 

general clinical setting (Bäckhed et al., 2012; Berry & Reinisch, 2013; Pang et al., 2014). 

A technique revolving around restoring balance in a patient’s microbiome is fecal microbiota 

transplantation (FMT). FMT is the infusion of stool from a healthy donor to a patient with presumed gut 

dysbiosis. The concept behind this technique is that the healthy donor’s stool can facilitate a restoration 

of the ill patient’s gut microbiome. This technique has seen some significant success in the treatment of 

C. difficile infections and may have potential applications in some other gastrointestinal or metabolic 

conditions such as IBD or IBS. As with any transplant procedure, there are several screening procedures 

that must be undertaken to minimize risk of infection or other disease transmission. These screening 

procedures include evaluation of donor history, serum testing, and stool testing. The pathogens 

screened for in the donor’s stool sample may vary between institutions, although some pathogens are 

universally screened for (such as enteric pathogens) (Kim & Gluck, 2019). 

Clinical Utility and Validity 

Falony et al. (2016) analyzed “two independent, extensively phenotyped cohorts: the Belgian Flemish Gut 

Flora Project (FGFP; discovery cohort; N = 1106) and the Dutch LifeLines-DEEP study (LLDeep; 

replication; N = 1135).” These two sets were integrated with global data sets, combining to yield 3948 

items. A “core” set of 14 genera was identified. 69 clinical and questionnaire-based covariates were 

found to be associated with microbiota compositional variation with a 92% replication rate. The authors 

noted that “stool consistency showed the largest effect size, whereas medication explained largest total 

variance and interacted with other covariate-microbiota associations, but early-life events such as birth 

mode were not reflected in adult microbiota composition” (Falony et al., 2016).  

Zhernakova et al. (2016) sequenced the gut microbiomes of 1,135 participants from a Dutch population-

based cohort. The authors identified relations between the microbiome and “126 exogenous and 

intrinsic host factors, including 31 intrinsic factors, 12 diseases, 19 drug groups, 4 smoking categories, 

and 60 dietary factors.” “Significant” associations were found between the gut microbiome and various 

intrinsic, environmental, dietary, medication parameters, and disease phenotypes. The authors calculated 

that 18.7% of variation in microbial composition could be explained by these factors, and they observed 

that fecal chromogranin A was exclusively associated with 61 microbial species, totaling 53% of the 

microbial composition. A more diverse microbiome was associated with low CgA concentrations. The 

authors concluded that “these results are an important step toward a better understanding of 

environment-diet-microbe-host interactions” (Zhernakova et al., 2016). 

Lo Presti et al. (2019) profiled the fecal and mucosal microbiota of IBD and IBS patients. 38 IBD patients, 

44 IBS patients, and 47 healthy controls were included, and overall, 107 fecal samples were provided. 

The authors found that “Anaerostipes and Ruminococcaceae were identified as the most differentially 

abundant bacterial taxa in controls, Erysipelotrichi was identified as [a] potential biomarker for IBS, while 

Gammaproteobacteria, Enterococcus, and Enterococcaceae [were identified] for IBD” (Lo Presti et al., 

2019). 

Malham et al. (2019) investigated the microbiotic profile of pediatric IBD. 143 IBD patients and 34 

healthy controls were included. A reduced “richness” in microbiotic profile was observed in IBD patients 

compared to healthy controls. In ulcerative colitis (UC), that reduced richness was associated with high 

intestinal inflammation and extensive disease. Nine species were “significantly” associated with a healthy 

microbiome, and three species were associated with IBD. The authors remarked that the microbiome 
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composition could differentiate between Crohn’s Disease, UC, and healthy controls (Malham et al., 

2019). 

Danilova et al. (2019) compared the gut microbiome composition of IBD patients to healthy controls. 95 

IBD patients and 96 healthy controls were included. The authors noted an increase of Proteobacteria and 

Bacteroidetes bacteria and decrease of Firmicutes bacteria and Euryarchaeota archaea in IBD patients. 

Butyrate-producing and hydrogen-utilizing bacteria were observed to have lower representation in IBD 

patients. Short-chain fatty acids (SCFA) were also found to have a lower absolute content in IBD patients. 

The authors suggested that this finding may “indicate inhibition of functional activity and number of 

anaerobic microflora and/or an [sic] change in SCFA utilization by colonocytes” (Danilova et al., 2019). 

Vaughn et al. (2018) in reviewing the current status of intestinal dysbiosis and fecal transplantation 

found that “it is hypothesized that intestinal dysbiosis may contribute to the pathogenesis of many 

diseases, especially those involving the gastrointestinal tract. Therefore, fecal microbiota transplantation 

(FMT) is increasingly being explored as a potential treatment that aims to optimize microbiota 

composition and functionality” (Vaughn et al., 2018). Holleran et al. (2018) also found that fecal 

transplant is not recommended for use outside of Clostridium difficile infection (CDI) due to concerns 

regarding outcome and safety; however, several case series and randomized controlled trials have 

described its use in a research environment for a few gastrointestinal conditions related to intestinal 

dysbiosis, including ulcerative colitis (UC), Crohn's disease (CD) and irritable bowel syndrome (IBS). The 

most successful reports of the clinical efficacy of FMT in gastrointestinal conditions outside of CDI have 

been in treating UC (Holleran et al., 2018).  

Costello et al. (2019) evaluated fecal microbiota transplantation (FMT)’s efficacy on inducing remission in 

ulcerative colitis (UC). The authors compared anaerobically prepared donor FMT (n = 38) to autologous 

FMT (stool provided by patient themselves, n = 35). The primary outcome was defined as “steroid-free 

remission of UC… a total Mayo score of ≤2 with an endoscopic Mayo score of 1 or less at week 8.” A 

total of 69 patients completed the trial, with the primary outcome being achieved in 12 of 38 donor FMT 

patients, compared to 3 of 35 receiving autologous FMT. Five of the 12 patients achieving the primary 

outcome in the “donor cohort” maintained remission at 12 months. The authors concluded that “in this 

preliminary study of adults with mild to moderate UC, 1-week treatment with anaerobically prepared 

donor FMT compared with autologous FMT resulted in a higher likelihood of remission at 8 weeks. 

Further research is needed to assess longer-term maintenance of remission and safety” (Costello et al., 

2019). 

Myneedu et al. (2019) performed a meta-analysis to evaluate whether fecal microbiota transplantation 

(FMT) was successful in treating IBS. A total of 8 single-arm trials (SATs, 90 patients total) and 5 

randomized controlled trials (RCTs, 151 patients, 105 controls) were included. In the SAT cohort, the 

authors identified 59.5% of IBS patients demonstrating a significant improvement. In the RCT cohort, 

there were no significant differences between treatment and control cohorts, either by the IBS Severity 

Scoring System or the IBS Quality of Life (IBS-QOL). The authors concluded that “FMT was not effective 

in IBS. Variations in FMT methods and patient factors may contribute to the heterogeneous results of 

the trials” (Myneedu et al., 2019). 

In a prospective survey-based study, Saha et al. (2021) studied the long-term safety profile of fecal 

microbiota transplantation (FMT) for recurrent C. difficile infection (CDI). 609 patients who underwent 

FMT were contacted at 1 week, 1 month, 6 months, 1 year and greater than 2 years after transplantation. 

Symptoms and new medical diagnosis were recorded at each time point. Less than 1 year after FMT, 

greater than 60% of patients had diarrhea and 19-33% had constipation. At 1 year, 9.5% of patients 
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reported additional CDI episodes. Additionally, patients with IBD, dialysis dependent kidney disease, and 

multiple FMTs had a higher risk of diarrhea. When patients were followed up after 2 years post-FMT, 73 

new diagnoses were reported including gastrointestinal disorders (13%), weight gain (10%), and new 

infections unrelated to FMT (11.8%). The median time for new infections post-FMT was 29 months. The 

authors conclude that FMT "appears safe with low risk of transmission of infections. Several new 

diagnoses were reported, which should be explored in future studies" (Saha et al., 2021).  

In a 12-week double-blind placebo-controlled pilot trial, Yu et al. (2020) studied the use of FMT to 

improve metabolic outcomes in obese patients. From a total of 24 patients, 12 adults with obesity and 

mild to moderate insulin resistance were given weekly oral FMT capsules from healthy lean donors and 

12 adults were given. At 0, 6, and 12 weeks, various metabolic parameters were measured including 

HbA1c, body weight, body composition, and resting energy expenditure. According to the results, there 

were no significant differences between the two groups in glycemic outcomes, weight, or body 

composition over the 12-week period. There was a minor improvement in HbA1c after FMT as compared 

to placebo. These results suggest "that intestinal microbial manipulation by FMT capsules does not 

meaningfully alter human metabolism and weight in adults with obesity" (Yu et al., 2020).  

Macareño-Castro et al. (2022) conducted a systematic review on the use of FMT on Carbapenem-

resistant Enterobacteriaceae. In using 10 studies with a combination of both retrospective and 

prospective cohorts, they found that among 112 FMT recipients with confirmed CRE, 78.7% of patients 

experienced CRE decolonization at the end of study follow-up (6-12 months). The predominant strains 

reported were Klebsiella pneumoniae and Escherichia coli. The researchers also reported that there were 

no “severe complications even in immunosuppressed patients and in those with multiple underlying 

conditions.” This overall supports the clinical utility of FMT for CRE, but requires more studies, such as 

randomized trials, to validate the safety and reliable use for complete bacterial eradication.  

Guidelines and Recommendations 

World Gastroenterology Organization (WGO) Global Guidelines  

The WGO published guidelines on functional gastrointestinal (GI) symptoms. In it, they identify 

diagnostic tests for these symptoms. The basic diagnostic tests are as follows:  

• Complete blood cell count (CBC) 

• Erythrocyte sedimentation rate (ESR) / C-reactive protein (CRP) 

• Biochemistry panel 

• Fecal occult blood (patient aged > 50 y) 

• Pregnancy test 

• Liver function tests 

• Calprotectin or other fecal test to detect inflammatory bowel disease in patients thought to have 

IBS, but in whom inflammatory bowel disease (IBD) is a possibility; now routine in many primary 

care settings (in the United Kingdom) 

• Celiac serology; considered routine in areas with a high prevalence of celiac disease 

• Stool testing for ova and parasites (Hunt et al., 2014) 

The WGO also released their global guidelines for Inflammatory Bowel Disease in 2015 (published in 

2016).  Their recommendations concerning stool examination and testing are as follows: 
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• “Routine fecal examinations and cultures should be carried out to eliminate bacterial, viral, or 

parasitic causes of diarrhea.” 

• “Testing for Clostridium difficile (should be considered even in the absence of antecedent 

antibiotics) — should be carried out within 2 hours of passage of stools.” 

• “A check for occult blood or fecal leukocytes should be carried out if a patient presents without a 

history of blood in the stool, as this can strengthen the indication for lower endoscopy. Where 

lower endoscopy is readily available, these tests are rarely indicated.” 

• “Lactoferrin, α1-antitrypsin. The main reason for listing this test is to rule out intestinal 

inflammation, rather than using it as a positive diagnostic test. It may not be available in 

developing countries, but it can be undertaken relatively inexpensively and easily with rapid-

turnaround slide-based enzyme-linked immunoassay (ELISA) tests.” 

• “Calprotectin — a simple, reliable, and readily available test for measuring IBD activity — may be 

better for UC than CD; the rapid fecal calprotectin tests could be very helpful in developing 

countries. If available, a home test may be useful as a routine for follow-up” (Bernstein et al., 

2016). 

American Gastroenterological Association (AGA)  

The AGA published a review to “describe key principles in the diagnosis and management of functional 

gastrointestinal (GI) symptoms in patients with inflammatory bowel disease”. In it, they include the 

following relevant items: 

• “Alternative pathophysiologic mechanisms should be considered and evaluated (small intestinal 

bacterial overgrowth, bile acid diarrhea, carbohydrate intolerance, chronic pancreatitis) based on 

predominant symptom patterns.” 

• “Until further evidence is available, fecal microbiota transplant should not be offered for 

treatment of functional GI symptoms in IBD.” 

• “In a recent cross-sectional analysis, no association was observed between IBS symptoms and 

microbiome alterations among patients with IBD although effects of confounding could not be 

excluded” (Colombel et al., 2019).  

The AGA published guidelines on FMT, including information on donor pathogen screening. C. difficile 

toxin B and culture for enteric pathogens were “suggested” to be screened for, Giardia, Cryptosporidium, 

Isospora and Cyclospora, Listeria, E. coli O157, Vibrio, and Norovirus should be “considered”, and 

Cytomegalovirus, Human T-cell lymphoma virus, Epstein–Barr virus, Dientamoeba fragilis, Blastocystis 

hominis, Strongyloides stercoralis, Entamoeba histolytica, H. pylori, Schistosoma, JC virus, Vancomycin-

resistant enterococci, and Methicillin-resistant Staphylococcus aureus should “maybe” [term used by 

authors] be screened (Kelly et al., 2015). 

American College of Gastroenterology (ACG)  

The ACG published a guideline regarding the management of Crohn’s Disease. In it, they recommend 

that “In patients who have symptoms of active Crohn's disease, stool testing should be performed to 

include fecal pathogens, Clostridium difficile testing, and may include studies that identify gut 

inflammation such as a fecal calprotectin” (Lichtenstein et al., 2018). 

The ACG also published a guideline regarding management of ulcerative colitis. In it, the ACG writes that 

“FMT requires more study and clarification of treatment before use as a therapy for UC [ulcerative 
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colitis].” The ACG comments that the variability across all steps of the procedure (donor screening, 

delivery, treatment duration, et al.) makes interpretation of the current results “difficult”. Finally, the ACG 

notes that some institutions have been using “comprehensive intestinal pathogen testing through PCR-

based assays that include many bacterial and viral pathogens,” but that the “prevalence and impact of 

non–C. diff intestinal pathogens detected through such assays remain to be robustly established” (Rubin 

et al., 2019). 

ACG published a guideline regarding management of irritable bowel syndrome. ACG does not 

recommend the use of fecal transplant for the treatment of global IBS symptoms. “Evidence to support 

FMT for the treatment of IBS is limited and of very low quality and thus cannot be recommended at 

present” (Lacy et al., 2021).  

ACG published a guideline regarding use of FMT in recurrent and severe C. difficile infection. ACG 

suggests considering FMT for “patients with severe and fulminant CDI refractory to antibiotic therapy, in 

particular, when patients are deemed poor surgical candidates. For patients experiencing their second or 

further recurrence of CDI, FMT can be delivered to prevent further recurrences through capsule or 

colonoscopy. Enema may be used if other methods are unavailable.” ACG suggests “repeat FMT for 

patients experiencing a recurrence of CDI within 8 weeks of an initial FMT. FMT should be considered for 

recurrent CDI in patients with IBD” (Kelly et al., 2021).  

European Crohn’s and Colitis Organization (ECCO) and the European Society of Gastrointestinal 

and Abdominal Radiology (ESGAR)  

These joint guidelines include some relevant items on inflammatory bowel disease (IBD), which includes 

both Crohn’s disease (CD) and ulcerative colitis (UC). These items include: 

• “At diagnosis, every patient should have a biochemical assessment with full blood count, 

inflammatory markers (C-reactive protein [CRP])… and a stool sample for microbiological analysis, 

including C. difficile.” 

• “Stool specimens should be obtained to exclude common pathogens and specifically assayed for 

C difficile toxin.” (Maaser et al., 2019) 

2012 Rome Foundation Report 

An international Working Group convened in 2012 “to provide clinical guidance on modulation of gut 

microbiota in IBS” and released their findings on intestinal microbiota in functional bowel disorders: a 

Rome foundation report in 2013.  They state the following “Diagnostic and therapeutic general 

recommendations”: 

• “There is currently no clinically useful way of identifying whether the microbiota are disturbed in 

particular patients with irritable bowel syndrome (IBS). 

• Dietary evaluation and exclusion of possible sources of unabsorbable carbohydrates including 

fermentable oligo-, di- and mono-saccharides and polyols and excessive fibre could be beneficial 

in select patients. 

• Probiotics have a reasonable evidence base and should be tried, for a period of at least 1 month, 

at adequate doses before a judgement is made about the response to treatment. 

• The utility of testing for small intestinal bacterial overgrowth (SIBO) in the setting of IBS remains 

an area of uncertainty. 
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• If SIBO is strongly suspected based on clinical presentation and testing is being considered, using 

stringent criteria for the glucose breath test or jejunal aspirate appear to be the best tests. 

• Consideration should be given to discontinuing proton pump inhibitors in those with SIBO. 

• There is emerging evidence that non-absorbable antibiotics may have the potential to reduce 

symptoms in some patients with IBS” (Simren et al., 2013). 

European Society for Pediatric Gastroenterology, Hepatology, and Nutrition/European Society for 

Pediatric Infectious Diseases (ESPGHAN/ESPID)  

These joint guidelines reviewed management of acute gastroenteritis (AGE) in children. In it, they note 

that AGE does not require a specific diagnostic workup and that “microbiological investigation is not 

helpful in most cases.” Fecal markers are also not recommended for differentiating viral and bacterial 

AGE. However, the guidelines observe that “microbiological investigations may be considered in children 

with underlying chronic conditions (eg, oncologic diseases, IBDs, etc), in those in extremely severe 

conditions, or in those with prolonged symptoms in whom specific treatment is considered” (Guarino et 

al., 2014). 

National Institute for Health and Care Excellence (NICE) 

NICE updated their IBS guidelines in 2017. In it, they list the following items about diagnostic tests: 

"In people who meet the IBS diagnostic criteria, the following tests should be undertaken to exclude 

other diagnoses: 

• full blood count (FBC) 

• erythrocyte sedimentation rate (ESR) or plasma viscosity 

• c‑reactive protein (CRP) 

• antibody testing for coeliac disease (endomysial antibodies [EMA] or tissue transglutaminase 

[TTG]).  

The following tests are not necessary to confirm diagnosis in people who meet the IBS diagnostic 

criteria: 

• ultrasound 

• rigid/flexible sigmoidoscopy 

• colonoscopy; barium enema 

• thyroid function test 

• faecal ova and parasite test 

• faecal occult blood 

• hydrogen breath test (for lactose intolerance and bacterial overgrowth)” (NICE, 2017). 

British Society of Gastroenterology (BSG)  

The BSG published a guideline on the investigation of chronic diarrhoea in adults. Relevant items 

include: 

• For malabsorption, fecal tests have not received “significant support” in publications and have not 

“established themselves in clinical practice outside specialist centres.” 

• “We suggest culture of small bowel aspirates as it is the most sensitive test for small bowel 

bacterial overgrowth (SBBO), but methods are poorly standardized and positive results may not 
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reflect clinically significant SBBO… in the absence of an optimal test to confirm the presence of 

bacterial overgrowth and in those with a high test probability of SBBO, we recommend an 

empirical trial of antibiotics; the value of this approach has not been subject to definitive study.” 

• “We recommend faecal elastase testing as the preferred non-invasive test for pancreatic function” 

(Arasaradnam et al., 2018). 

The BSG also published an extensive guideline on the management of Inflammatory Bowel Disease 

(including both ulcerative colitis (UC) and Crohn’s disease) in adults. Their relevant comments and 

recommendations include: 

• “In patients presenting with suspected UC, stool cultures and Clostridium difficile toxin assay 

should always be performed to rule out infective causes.” 

• “Ileocolonoscopy with biopsy is established as the first-line investigation for suspected Crohn’s 

disease.” 

• “We recommend that all patients presenting with acute flares of colitis should have stool cultures 

for enteroinvasive bacterial infections and stool Clostridium difficile assay.” 

• “In spite of these encouraging data, FMT [Faecal microbial transplantation] remains an 

investigational treatment for use only in clinical trials in IBD.”  

• “There is currently no place for FMT in the management of IBD unless complicated by C. difficile 

infection outside of the clinical trial setting” (Lamb et al., 2021).  

British Society of Gastroenterology (BSG) and Healthcare Infection Society (HIS)  

This joint guideline was published to provide guidance on “the use of faecal microbiota transplant as 

treatment for recurrent or refractory Clostridium difficile infection and other potential indications.” These 

guidelines include a list of items that should be screened for potential stool donors, which are as follows: 

• “Clostridium difficile PCR” 

• “Campylobacter, Salmonella, and Shigella by standard stool culture and/ or PCR” 

• “Shiga toxin-producing Escherichia coli by PCR”  

• “Multi-drug resistant bacteria, at least CPE [carbapenemase-producing Enterobacteriaceae] and 

ESBL [extended spectrum beta-lactamase]”  

• “Stool ova, cysts and parasite analysis, including for Microsporidia” 

• “Faecal antigen for Cryptosporidium and Giardia” 

• “Acid fast stain for Cyclospora and Isospora” 

• “Helicobacter pylori faecal antigen” 

• “Norovirus, rotavirus PCR.” 

The above list is for stool screening. A separate list is provided for serum screening. The guideline also 

recommends that “donors should have successfully completed a donor health questionnaire and 

laboratory screening assays both before and after the period of stool donation” (Mullish et al., 2018). 

Infectious Diseases Society of America/American College of Gastroenterology/American Society 

for Gastrointestinal Endoscopy/American Gastroenterological Association/North American 

Society for Pediatric Gastroenterology, Hepatology and Nutrition 

(IDSA/ACG/ASGE/AGA/NASPGHAN) 

These joint guidelines were sent to the FDA regarding recurrent Clostridium difficile infection (CDI). In it, 

the guidelines recommend screening donors for fecal microbiota transplantation (FMT) for C. difficile 

toxin B and performing a culture for enteric pathogens (IDSA/ACG/ASGE/AGA/NASPGHAN, 2013). 
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NASPGHAN published an FMT guideline for children in 2019, and the same analytes for screening (C 

difficile toxin B, culture for enteric pathogens) were recommended (Davidovics et al., 2019). 

An addendum was published to the 2019 guidelines due to the 2019 FDA Safety Warning regarding 

FMT. In it, the following recommendation was made: “FMT donor stool screening should include (but 

not be limited to) MDRO testing for spectrum beta-lactamase (ESBL)-producing Enterobacteriaceae, 

vancomycin-resistant Enterococci (VRE), carbapenem-resistant Enterobacteriaceae (CRE), and methicillin-

resistant Staphylococcus aureus (MRSA). Donors and/or stools positive for MDROs should not be used 

for FMT” (Michail et al., 2020). 

Food and Drug Administration (FDA) 

The FDA has issued a guidance statement for fecal microbiota transplant (FMT) stating that it will 

exercise enforcement discretion regarding the investigational new drug (IND) requirements for the use 

of fecal microbiota for transplantation. In 2019, the FDA updated their guidance on FMT, stating that 

“FMT donor stool testing must include MDRO testing to exclude use of stool that tests positive for 

MDRO. The MDRO tests should at minimum include extended spectrum beta-lactamase (ESBL)-

producing Enterobacteriaceae, vancomycin-resistant enterococci (VRE), carbapenem-resistant 

Enterobacteriaceae (CRE), and methicillin-resistant Staphylococcus aureus (MRSA). Culture of nasal or 

peri-rectal swabs is an acceptable alternative to stool testing for MRSA only. Bookend testing (no more 

than 60 days apart) before and after multiple stool donations is acceptable if stool samples are 

quarantined until the post-donation MDRO tests are confirmed negative” (FDA, 2019). 

In an April 2020 update, the FDA addressed the topic of fecal microbiota transplantation within the 

context of the 2020 COVID-19 outbreak. The FDA included additional protections regarding stool 

donation and donor screening, which are as follows: 

• “Stool donor screening, including an assessment of whether, since December 1, 2019, the donor 

was diagnosed with laboratory-confirmed SARS-CoV-2 infection, experienced symptoms of 

COVID-19 (e.g., fever, cough, shortness of breath) not explained by another diagnosis, or was 

exposed to a suspected or confirmed case of COVID-19 or SARS-CoV-2 infection.” 

• “Testing of the stool donation or stool donor for SARS-CoV-2 virus or RNA. Testing approaches 

might include testing upper respiratory specimens (e.g., nasal swabs) or other specimens (e.g., 

rectal swabs or stool donations)” (FDA, 2020a). 

In a March 2020 update, the FDA addressed the potential risk of infections with the use of FMT. The FDA 

advises that “patients considering FMT for the treatment of C. difficile infection should speak to their 

health care provider to understand the associated risks” (FDA, 2020b). The FDA is aware of infections 

caused by enteropathogenic Escherichia coli (EPEC) and Shigatoxin-producing Escherichia coli (STEC) that 

have occurred following investigational use of FMT (FDA, 2020b).  

Fecal Microbiota Transplantation Workgroup (2011) 

This Working Group published guidelines on FMT. Fecal donor screening recommendations were 

included. The following analytes were recommended to be screened: 

• “C difficile toxin B by PCR; if unavailable, then evaluation for toxins A and B by enzyme 

immunoassay (EIA) 

• Routine bacterial culture for enteric pathogens 

• Fecal Giardia antigen 
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• Fecal Cryptosporidium antigen 

• Acid-fast stain for Cyclospora, Isospora, and, if antigen testing unavailable, Cryptosporidium 

• Ova and parasites 

• Helicobacter pylori fecal antigen (for upper gastrointestinal [GI] routes of FMT administration)” 

(Bakken et al., 2011). 

Applicable State and Federal Regulations 

DISCLAIMER: If there is a conflict between this Policy and any relevant, applicable government policy for 

a particular member [e.g., Local Coverage Determinations (LCDs) or National Coverage Determinations 

(NCDs) for Medicare and/or state coverage for Medicaid], then the government policy will be used to 

make the determination. For the most up-to-date Medicare policies and coverage, please visit the 

Medicare search website: https://www.cms.gov/medicare-coverage-database/search.aspx. For the most 

up-to-date Medicaid policies and coverage, visit the applicable state Medicaid website. 

Food and Drug Administration (FDA) 

Many labs have developed specific tests that they must validate and perform in house. These laboratory-

developed tests (LDTs) are regulated by the Centers for Medicare and Medicaid (CMS) as high-

complexity tests under the Clinical Laboratory Improvement Amendments of 1988 (CLIA ’88). LDTs are 

not approved or cleared by the U. S. Food and Drug Administration; however, FDA clearance or approval 

is not currently required for clinical use. 

Applicable CPT/HCPCS Procedure Codes 

CPT Code Description 

82239 Bile acids; total 

82542 

Column chromatography, includes mass spectrometry, if performed (eg, HPLC, LC, LC/MS, 

LC/MS-MS, GC, GC/MS-MS, GC/MS, HPLC/MS), non-drug analyte(s) not elsewhere 

specified, qualitative or quantitative, each specimen 

82705 Fat or lipids, feces; qualitative 

82710 Fat or lipids, feces; quantitative 

82715 Fat differential, feces, quantitative 

82725 Fatty acids, nonesterified 

82784 Gammaglobulin (immunoglobulin); IgA, IgD, IgG, IgM, each 

83520 

Immunoassay for analyte other than infectious agent antibody or infectious agent antigen; 

quantitative, not otherwise specified 

83630 Lactoferrin, fecal; qualitative 

83986 pH; body fluid, not otherwise specified 

84311 Spectrophotometry, analyte not elsewhere specified 

87045 

Culture, bacterial; stool, aerobic, with isolation and preliminary examination (eg, KIA, LIA), 

Salmonella and Shigella species 

87046 

Culture, bacterial; stool, aerobic, additional pathogens, isolation and presumptive 

identification of isolates, each plate 

87075 

Culture, bacterial; any source, except blood, anaerobic with isolation and presumptive 

identification of isolates 

87102 

Culture, fungi (mold or yeast) isolation, with presumptive identification of isolates; other 

source (except blood) 

https://www.cms.gov/medicare-coverage-database/search.aspx
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CPT Code Description 

87177 Ova and parasites, direct smears, concentration and identification 

87209 

Smear, primary source with interpretation; complex special stain (eg, trichrome, iron 

hemotoxylin) for ova and parasites 

87328 

Infectious agent antigen detection by immunoassay technique, (eg, enzyme immunoassay 

[EIA], enzyme-linked immunosorbent assay [ELISA], fluorescence immunoassay [FIA], 

immunochemiluminometric assay [IMCA]) qualitative or semiquantitative; cryptosporidium 

87329 

Infectious agent antigen detection by immunoassay technique, (eg, enzyme immunoassay 

[EIA], enzyme-linked immunosorbent assay [ELISA], fluorescence immunoassay [FIA], 

immunochemiluminometric assay [IMCA]) qualitative or semiquantitative; giardia 

87336 

Infectious agent antigen detection by immunoassay technique, (eg, enzyme immunoassay 

[EIA], enzyme-linked immunosorbent assay [ELISA], fluorescence immunoassay [FIA], 

immunochemiluminometric assay [IMCA]) qualitative or semiquantitative; Entamoeba 

histolytica dispar group 

87493 

Infectious agent detection by nucleic acid (DNA or RNA); Clostridium difficile, toxin gene(s), 

amplified probe technique 

87500 

Infectious agent detection by nucleic acid (DNA or RNA); vancomycin resistance (eg, 

enterococcus species van A, van B), amplified probe technique 

87641 

Infectious agent detection by nucleic acid (DNA or RNA); Staphylococcus aureus, methicillin 

resistant, amplified probe technique 

87798 

Infectious agent detection by nucleic acid (DNA or RNA), not otherwise specified; amplified 

probe technique, each organism 

89160 Meat fibers, feces 

S3708 Gastrointestinal fat absorption study 
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Fecal Calprotectin Testing in Adults 
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Policy Description  

Calprotectin is a small calcium-binding protein found in high concentration in the cytosol of neutrophils  
(Fagerhol et al., 1980) and to a lesser extent monocytes and macrophages (Hsu et al., 2009). Active 
intestinal inflammation and disturbance of the mucosa results in entrance of neutrophils (containing 
calprotectin) into the lumen and subsequent excretion in feces. Detection of fecal calprotectin is used to 
distinguish inflammatory bowel disease (IBD) from irritable bowel syndrome (IBS) and other causes of 
abdominal discomfort, bloating , and diarrhea (Walsham & Sherwood, 2016). 
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AHS-G2060 Fecal Analysis in the Diagnosis of Intestinal Dysbiosis and Fecal Microbiota 
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1) For individuals 18 years of age or older, fecal calprotectin testing for the differential diagnosis 

between non-inflammatory gastrointestinal disease (e.g., IBS) and inflammatory gastrointestinal 

disease (e.g., IBD) MEETS COVERAGE CRITERIA. 

2) For individuals 18 years of age or older, fecal calprotectin testing either to assess for response to 

therapy or for relapse or to monitor gastrointestinal conditions such as inflammatory bowel disease 

(IBD) MEETS COVERAGE CRITERIA. 

The following does not meet coverage criteria due to a lack of available published scientific literature 

confirming that the test(s) is/are required and beneficial for the diagnosis and treatment of an individual’s 

illness. 

3) For individuals 18 years of age or older, fecal calprotectin testing for all other situations not discussed 

above DOES NOT MEET COVERAGE CRITERIA. 

Table of Terminology 

Term Definition 

ACG American College of Gastroenterology 

AGA American Gastrointestinal Association 

CD Crohn’s disease 

CDAI Crohn’s disease activity index 

C. diff Clostridioides difficile 

CI Confidence interval 

CRP C-reactive protein  

DOR Diagnostic odds ratio  

ECCO European Crohn’s and Colitis Organisation 

ELISA  Enzyme linked immunosorbent assay 

ESGAR European Society of Gastrointestinal and Abdominal Radiology 

ESR Erythrocyte sedimentation rate 

FC Fecal calprotectin 

FCAL Fecal calprotectin 

FDA Food and Drug Administration  

FL Fecal lactoferrin  

GI Gastrointestinal 

IBD Inflammatory bowel disease 

IBS Irritable bowel syndrome  

NICE National Institute for Health and Care Excellence 

SAM Severe acute malnutrition 

SES-CD Simple endoscopic score for Crohn disease 

SROC Summary receiver operating characteristic 

TNFα Tumor necrosis factor alpha 

UC Ulcerative colitis  
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Scientific Background 

Inflammatory bowel disease (IBD) includes several chronic, immune-mediated inflammatory 

gastrointestinal disorders, the most common being Crohn’s disease and ulcerative colitis (Boirivant & 

Cossu, 2012). In contrast, irritable bowel syndrome (IBS), another gastrointestinal disorder, is a non-

inflammatory condition. These disorders often share similar symptoms including abdominal discomfort, 

pain, bloating, and diarrhea (Burri & Beglinger, 2014). An estimated two thirds of Americans have 

experienced these IBS and/or IBD symptoms (Almario et al., 2018). Differentiating gastrointestinal tract 

symptoms due to IBS from those due to residual inflammation from IBD is challenging (Gibson, 2022; 

Halpin & Ford, 2012). However, the detection of fecal calprotectin can be used to effectively distinguish 

between these conditions (Walsham & Sherwood, 2016). 

Calprotectin is a small calcium- and zinc-binding protein. This protein is primarily detected in monocytes 

and macrophages. During active intestinal inflammation, neutrophils migrate to the mucosa, damaging 

the mucosal structure. This causes leakage of these neutrophils and therefore calprotectin into the 

lumen and eventually the feces. Calprotectin is homogenously distributed in feces, is stable up to seven 

days at room temperature, and correlates well with the “gold standard” of the indium-labeled leukocyte 

test (Walsham & Sherwood, 2016).  

Fecal calprotectin is now accepted as one of the most useful tools to assist with the clinical management 

of IBD, although the optimal cut-off laboratory value for both differentiating IBD from IBS and managing 

IBD may vary depending on clinical settings (Khaki-Khatibi et al., 2020; Maaser et al., 2019; Mumolo et 

al., 2018). A value of 50 µg/g is quoted by most manufacturers of calprotectin kits (Tibble et al., 2002). In 

a young patient, a cutoff of 150 µg/g is recommended. As fecal calprotectin is increased in 

gastroenteritis associated with viral or bacterial infection, a value between 50 µg/g and 150 µg/g should 

always be repeated two to three weeks later (Walsham & Sherwood, 2016). 

Fecal calprotectin is typically measured with polyclonal or monoclonal antibodies that detect various 

features on the protein structure; these tests may be quantitative or qualitive. Manufacturers of this type 

of test include Calpro and Bühlmann (Walsham & Sherwood, 2016). 

Clinical Utility and Validity 

Fecal calprotectin is increasing in utilization for the evaluation of IBD (Higuchi & Bousvaros, 2022). Meta-

analyses of fecal calprotectin by both von Roon et al. (2007) and van Rheenen et al. (2010) found an 

overall sensitivity and specificity for IBD of >90%. Waugh et al. (2013) also completed a meta-analysis as 

part of the national Health Technology Assessment program which found a pooled sensitivity of 93% 

and specificity of 94% when distinguishing between IBS and IBD in adults with a fecal calprotectin cut-

off of 50 µg/g. 

Molander et al. (2012) evaluated fecal calprotectin levels after induction therapy with TNFα antagonists 

to determine whether this treatment can help to predict the outcome of IBD patients during 

maintenance therapy. Sixty patients with IBD were treated with TNFα antagonists and had their fecal 

calprotectin measured. Fecal calprotectin was found to be normalized (≤100 μg/g) in 31 patients and 

elevated in 29 patients. After 12 months, 26 of the 31 patients with normal fecal calprotectin levels were 

in clinical remission whereas only 11 of the 29 with elevated fecal calprotectin were in remission. A cutoff 

concentration of 139 μg/g was found to have a sensitivity of 72% and specificity of 80% to predict a risk 

of clinically active disease after one year (Molander et al., 2012). 
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Molander et al. (2015) studied whether fecal calprotectin can predict relapse after stopping TNFα-

blocking therapy in IBD patients in remission. Forty-nine patients were examined, of which 15 relapsed 

(34 in remission). Relapsing patients showed an elevated fecal calprotectin for a median of 94 days 

before relapsing. Normal fecal calprotectin levels were “highly predictive” of clinical and endoscopic 

remission. The authors suggested that fecal calprotectin may be used as “a surrogate marker for 

predicting and identifying patients requiring close follow-up in clinical practice” (Molander et al., 2015). 

Mao et al. (2012) performed a meta-analysis of the predictive capacity of fecal calprotectin 

in IBD relapse. A total of 672 patients (318 with ulcerative colitis, 354 with Crohn’s Disease) from six 

studies were examined. The authors found the pooled sensitivity and specificity of fecal calprotectin to 

predict relapse of quiescent IBD to be 78 and 73%, respectively. The area under the summary receiver-

operating characteristic (sROC) curve was 0.83, and the diagnostic odds ratio was 10.31. The authors 

concluded that “as a simple and noninvasive marker, FC [fecal calprotectin] is useful to predict relapse in 

quiescent IBD patients” (Mao et al., 2012). 

Rosenfeld et al. (2016) published a study to evaluate the perspective of gastroenterologists regarding 

the impact of fecal calprotectin on the management of patients with IBD. A total of 279 completed 

surveys were collected. Ninety surveys indicated fecal calprotectin testing was used to differentiate IBD 

from IBS, 85 indicated that fecal calprotectin was used to differentiate IBS symptoms from IBD in IBD 

patients, and 104 indicated fecal calprotectin was used as a marker for objective inflammation. Fecal 

calprotectin levels also resulted in a management change in 143 surveys, including 118 fewer 

colonoscopies. Overall, 272 surveys stated they would order fecal calprotectin again (Rosenfeld et al., 

2016). 

Abej et al. (2016) investigated the association between fecal calprotectin and other measures of clinical 

activity for patients with IBD. A total of 240 patients with IBD contributed 183 fecal samples, and a fecal 

calprotectin measurement above ≥250 µg was considered a positive result. Fecal calprotectin was 

associated with “colonoscopy findings of active IBD, low albumin, anemia, and elevated CRP.” The 

authors concluded that fecal calprotectin “is a useful marker of disease activity and a valuable tool in 

managing persons with IBD in clinical practice” (Abej et al., 2016). 

Tham et al. (2018) showed that fecal calprotectin is an accurate surrogate marker of postoperative 

endoscopic recurrence of Crohn’s disease. They evaluated the diagnostic sensitivity, specificity, and 

diagnostic odds ratio (DOR), and constructed summary receiver operating characteristic (SROC) curves in 

a meta-analysis of 54 studies; Nine studies were eligible for analysis. Diagnostic accuracy was calculated 

for fecal calprotectin values of 50, 100, 150 and 200 µg/g. A significant threshold effect was observed for 

all fecal calprotectin values. The optimal diagnostic accuracy was obtained for a fecal calprotectin value 

of 150 µg/g, with a pooled sensitivity of 70% [95% confidence interval (CI) 59-81%], specificity 69% (95% 

CI 61-77%), and DOR 5.92 (95% CI 2.61-12.17); the area under the SROC curve was 0.73 (Tham et al., 

2018). 

The cost-effectiveness of the use of fecal calprotectin in the diagnosis of IBD has been investigated 

(Yang et al., 2014). The authors compared cost-effectiveness of measuring fecal calprotectin before 

endoscopy compared to direct endoscopic evaluation alone. Fecal calprotectin screening was found to 

save $417 per adult patient, but delayed 2.2/32 adult diagnoses (of IBD. The authors noted that if 

endoscopic biopsy remained the diagnostic standard, direct endoscopic evaluation would cost an 

additional $18955 in adults to avoid one false-negative result from fecal calprotectin screening (Yang et 

al., 2014).  
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In a cross-sectional study, Campbell et al. (2021)assessed the clinical performance of the LIAISON 

Calprotectin Assay in differentiating inflammatory bowel disease (IBD) from irritable bowel syndrome 

(IBS) against the Genova Diagnostics PhiCal test. A total of 240 patients were included in the study in 

which 102 patients had IBD, 67 had IBS, and 71 had other GI disorders. Median fecal calprotectin levels 

were higher in IBD patients (522 μg/g) compared to IBS patients (34.5 μg/g). The LIAISON assay showed 

good correlation with the PhiCal test, holding a positive percent agreement of 97.8% and a negative 

percent agreement of 94.4%. Overall, the LIAISON Calprotectin Assay is efficient with a time to the first 

result of 35 minutes and "is a sensitive marker for distinguishing IBD from IBS with a cutoff of 

∼100 μg/g" (Campbell et al., 2021).  

Johnson et al. (2022) compared fecal calprotectin and pancreatic elastase assays, aiming to understand 

the differences between the tests and manufacturers. Data from proficiency tests performed in Germany 

between 2015 and 2020 was included in the study. Fecal calprotectin assays had a “high degree of 

variability” between tests from the eight manufactures included. Pancreatic elastase assays were 

“harmonized” without significant variability between tests from the five manufacturers included. The 

authors concluded that “both calprotectin and pancreatic elastase assays could be improved by 

standardization efforts” (Johnson et al., 2022). 

Guidelines and Recommendations 

National Institute for Health and Care Excellence (NICE)  

The NICE published guidance on fecal calprotectin testing which included the following 

recommendations: 

• “Fecal calprotectin testing is recommended as an option to support clinicians with the differential 

diagnosis of inflammatory bowel disease (IBD) or irritable bowel syndrome (IBS) in adults with 

recent onset lower gastrointestinal symptoms for whom specialist assessment is being 

considered, if cancer is not suspected and appropriate quality assurance processes and locally 

agreed care pathways are in place for the testing” (NICE, 2017). 

American Gastrointestinal Association (AGA)  

The AGA published a practice update on functional gastrointestinal symptoms in patients with IBD. The 

following best practice advice recommendations on fecal calprotectin were given regarding the 

diagnosis and management of functional gastrointestinal symptoms in patients IBD: 

• “Best practice advice 1: A stepwise approach to rule-out ongoing inflammatory activity should be 

followed in IBD patients with persistent GI symptoms (measurement of fecal calprotectin, 

endoscopy with biopsy, cross-sectional imaging). 

• Best practice advice 2: In those patients with indeterminate fecal calprotectin levels and mild 

symptoms, clinicians may consider serial calprotectin monitoring to facilitate anticipatory 

management” (Colombel et al., 2019). 

In 2023, the AGA published guidelines on the role of biomarkers for management of ulcerative colitis 

(Singh et al., 2023). For patients with ulcerative colitis in symptomatic remission, the AGA recommends 

that: 

• “In patients with UC in symptomatic remission, the AGA suggests a monitoring strategy that 

combines biomarkers and symptoms, rather than symptoms alone.” 
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• “In patients with UC in symptomatic remission, the AGA suggests using fecal calprotectin <150 

μg/g, normal fecal lactoferrin, or normal CRP to rule out active inflammation and avoid routine 

endoscopic assessment of disease activity.” 

• “In patients with UC in symptomatic remission, the AGA suggests using fecal calprotectin <150 

μg/g, normal fecal lactoferrin, or normal CRP to rule out active inflammation and avoid routine 

endoscopic assessment of disease activity.” 

For patients with symptomatically active ulcerative colitis, the AGA recommends that: 

• “In patients with symptomatically active UC, the AGA suggests an evaluation strategy that 

combines biomarkers and symptoms, rather than symptoms alone, to inform treatment 

adjustments.” 

• “In patients with symptomatically active UC, the AGA suggests an evaluation strategy that 

combines biomarkers and symptoms, rather than symptoms alone, to inform treatment 

adjustments.” 

• “In patients with UC with mild symptoms, with elevated stool or serum markers of inflammation 

(fecal calprotectin >150 μg/g, elevated fecal lactoferrin, or elevated CRP), the AGA suggests 

endoscopic assessment of disease activity rather than empiric treatment adjustment.” 

• “In patients with UC with mild symptoms, with normal stool or serum markers of inflammation 

(fecal calprotectin <150 μg/g, normal fecal lactoferrin, normal CRP), the AGA suggests endoscopic 

assessment of disease activity rather than empiric treatment adjustment.” 

For treat-to-target strategies for ulcerative colitis, the AGA recommends that: 

• “In patients with UC, the AGA makes no recommendation in favor of, or against, a biomarker-

based monitoring strategy over an endoscopy-based monitoring strategy to improve long-term 

outcomes” (Singh et al., 2023). 

American College of Gastroenterology (ACG) 

The ACG Clinical Guideline (Lichtenstein et al., 2018) for the Management of Crohn’s disease in adults 

recommends:  

“Fecal calprotectin is a helpful test that should be considered to help differentiate the presence of IBD 

from irritable bowel syndrome (IBS) (strong recommendation, moderate level of evidence).”  

“In patients who have symptoms of active Crohn’s disease, stool testing should be performed to 

include fecal pathogens, Clostridium difficile testing, and may include studies that identify gut 

inflammation such as a fecal calprotectin.” 

“Fecal calprotectin and fecal lactoferrin measurements may have an adjunctive role in monitoring 

disease activity. Fecal markers may have a role in noninvasively monitoring disease activity in CD 

[Crohn’s disease]. Studies have shown that both fecal lactoferrin and fecal calprotectin are sensitive 

markers of disease activity and correlate with a number of the endoscopic activity indices such as the 

colonic SES-CD. There have been several studies that suggest that levels of fecal calprotectin can be 

used to monitor patients for postoperative recurrence after ileocolic resection for Crohn’s disease. 

Levels of >100 μ g/g indicate endoscopic recurrence with a sensitivity in the range of 89%. In patients 

with an infliximab-induced remission, fecal calprotectin of >160 μ g/g has a sensitivity of 91.7% and a 

specificity of 82.9% to predict relapse… The presence of biomarkers of disease activity can be assessed 

(such as CRP, fecal calprotectin) but should not exclusively serve as end point for treatment as 
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normalization of the biomarker can occur despite having active mucosal inflammation/ulceration… 

Although not specific for CD activity, determination of serum CRP and/or fecal calprotectin is 

suggested as a useful laboratory correlate with disease activity assessed by the CDAI” (Lichtenstein et 

al., 2018). 

The Crohn’s Disease Activity Index (CDAI) is a tool that can provide a numerical value in assessing 

Crohn’s disease; however, fecal calprotectin is not a criterion of the index. Within the supplemental 

information of the guidelines, the authors state, “This is a weighted subjective tool that includes 

scores for liquid bowel movements per day, general wellbeing, abdominal pain and extra-intestinal 

manifestations. This index does require 7 days of measurements making it difficult to use in the clinic 

setting. Due to the subjective nature of some of the measurements it is not an optimal tool for 

measuring disease activity and is generally not used in routine clinical practice”(Lichtenstein et al., 

2018). 

The guidelines do not address the frequency of fecal calprotectin testing for adjunctive monitoring. 

The ACG also published guidelines for clinical management of ulcerative colitis in adults in 2019. In it, 

they note that “Fecal calprotectin (FC) can be used in patients with UC as a noninvasive marker of 

disease activity and to assess response to therapy and relapse” (Rubin et al., 2019). The ACG also 

recommends: 

• “Stool testing to rule out Clostridioides difficile (C. diff) in patients suspected of having UC (strong 

recommendation, very low quality of evidence).” 

• Recommends against “serologic antibody testing to establish or rule out a diagnosis of UC 

(strong recommendation, very low quality of evidence).” 

• Recommends against serologic antibody testing to determine the prognosis of UC (strong 

recommendation, very low quality of evidence)” (Rubin et al., 2019).  

In 2021, the ACG published guidelines on the management of irritable bowel syndrome. They 

recommend that that fecal calprotectin, either fecal calprotectin 1 or fecal lactoferrin 2 and C-reactive 

protein 1, be checked in patients with suspected IBS and diarrhea symptoms to rule out inflammatory 

bowel disease. ACG includes that two fecal-derived markers of intestinal inflammation, fecal lactoferrin 

(FL) and fecal calprotectin (fCal), are both diagnostically useful and could be superior to serologic tests 

such as CRP or ESR regarding discriminating IBD from IBS. “In summary, fCal and FL are safe, 

noninvasive, generally available, and can identify IBD with good accuracy” (Lacy et al., 2021). 

European Crohn’s and Colitis Organisation (ECCO) 

The ECCO released a consensus on diagnosis and management of ulcerative colitis (UC). In it, they state 

that fecal calprotectin should be included on an initial investigation of UC. ECCO considers fecal 

calprotectin an “accurate” marker of colonic inflammation and “a useful non-invasive marker in the 

follow-up of UC patients” (Magro et al., 2017). 

The ECCO also provided a statement on diagnosis and management of Crohn’s Disease. ECCO notes 

that fecal calprotectin may be used in the initial laboratory investigation. Fecal calprotectin is also 

observed to be an emerging surrogate marker for mucosal healing but has not demonstrated a clear 

predictive value. Fecal calprotectin may also help in monitoring disease activity (Gomollón et al., 2016). 
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European Crohn’s and Colitis Organisation (ECCO) and the European Society of Gastrointestinal 

and Abdominal Radiology (ESGAR)  

The ECCO-ESGAR published guidelines for the diagnostic assessment in IBD. When monitoring known 

IBD cases, the following guidelines were provided: 

• “Response to treatment in active ulcerative colitis [UC] should be determined by a combination of 

clinical parameters, endoscopy, and laboratory markers such as C-reactive protein [CRP] and 

faecal calprotectin [EL1] 

• In patients with UC who clinically respond to medical therapy, mucosal healing [MH] should be 

determined endoscopically or by faecal calprotectin [FC] approximately 3 to 6 months after 

treatment initiation [EL5]” (Maaser et al., 2019). 

A relevant portion of “Table 1. Markers of disease activity for monitoring asymptomatic IBD patients” is 

shown below 

 Validity 

[correlation with 

gold standard] 

Responsiveness 

to changes in 

condition 

Signal-to-noise ratio 

[ability to differentiate 

changes in condition from 

background variability] 

Practicality 

Endoscopy Gold standard Gold standard Gold standard Low 

Faecal 

calprotectin 

Good Good 

Rises quickly in 

case of relapse; 

falls rapidly with 

successful 

treatment 

Moderate 

Risk of false-positive results 

High 

Possible 

reluctance 

of patients 

for repeated 

stool 

collection 

 (Maaser et al., 2019): 

Applicable State and Federal Regulations 

DISCLAIMER: If there is a conflict between this Policy and any relevant, applicable government policy for 

a particular member [e.g., Local Coverage Determinations (LCDs) or National Coverage Determinations 

(NCDs) for Medicare and/or state coverage for Medicaid], then the government policy will be used to 

make the determination. For the most up-to-date Medicare policies and coverage, please visit the 

Medicare search website: https://www.cms.gov/medicare-coverage-database/search.aspx. For the most 

up-to-date Medicaid policies and coverage, visit the applicable state Medicaid website. 

Food and Drug Administration (FDA) 

In March 2006, the PhiCal™ (Genova Diagnostics) quantitative ELISA test for measuring concentrations 

of fecal calprotectin in fecal stool was cleared for marketing by the U.S. Food and Drug Administration 

(FDA) through the 510(k) processes. This test is indicated to aid in the diagnosis of inflammatory bowel 

disease (IBD) and to differentiate IBD from irritable bowel syndrome (IBS); it is intended to be used in 

conjunction with other diagnostic testing and clinical considerations (FDA, 2006). On December 26, 

https://nam10.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.cms.gov%2Fmedicare-coverage-database%2Fsearch.aspx&data=05%7C01%7CKatie.Weihbrecht%40avalonhcs.com%7C6c4539d865e34748893a08da765817a8%7Cb9dd3f7ca7c14e67a4833b491ec656ee%7C0%7C0%7C637952417982613390%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=Om6HFJILbWEdhYB1ZJTT0XugFSbsiQBJWgCVIJ8iUgo%3D&reserved=0
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2018, a successor device called “LIAISON Calprotectin, LIAISON Calprotectin Control Set, LIAISON 

Calprotectin Calibration Verifiers, LIAISON Q.S.E.T. Buffer, LIAISON Q.S.E.T. Device” was approved. The 

new description is as follows: “The DiaSorin LIAISON® Calprotectin assay is an in vitro diagnostic 

chemiluminescent immunoassay (CLIA) intended for the quantitative measurement, in human stool, of 

fecal calprotectin, a neutrophilic protein that is a marker of mucosal inflammation. The LIAISON® 

Calprotectin assay can be used as an aid in the diagnosis of inflammatory bowel diseases (IBD), 

specifically Crohn’s disease and ulcerative colitis, and as an aid in differentiation of IBD from irritable 

bowel syndrome (IBS). Test results are to be used in conjunction with information obtained from the 

patients’ clinical evaluation and other diagnostic procedures. The test has to be performed on the 

LIAISON® XL Analyzer” (FDA, 2018a). 

In January 2014, CalPrest® (Eurospital SpA, Trieste, Italy) was cleared for marketing by the FDA through 

the 510(k) processes. According to the FDA summary, CalPrest® “is identical” to the PhiCal™ test “in that 

they are manufactured by Eurospital S.p.A. Trieste, Italy. The only differences are the name of the test on 

the labels, the number of calibrators in the kit and the dynamic range of the assay.” CalPrest®NG 

(Eurospital SpA) was cleared for marketing in November 2016 (FDA, 2016). 

On October 16, 2018, the FDA approved the QUANTA Flash Calprotectin And Fecal Extraction Device. 

The device’s intended use is as follows: “QUANTA Flash Calprotectin is a chemiluminescent 

immunoassay for the quantitative determination of fecal calprotectin in extracted human stool samples. 

Elevated levels of fecal calprotectin, in conjunction with clinical findings and other laboratory tests, can 

aid in the diagnosis of inflammatory bowel disease (IBD) (ulcerative colitis and Crohn’s disease), and in 

the differentiation of IBD from irritable bowel syndrome (IBS).” This device has a predicate device, which 

was approved in 2017 (FDA, 2018a). 

On December 26, 2018, the FDA approved the LIAISON Calprotectin Assay. The device’s intended use is 

as follows: “The DiaSorin LIAISON® Calprotectin assay is an in vitro diagnostic chemiluminescent 

immunoassay (CLIA) intended for the quantitative measurement, in human stool, of fecal calprotectin, a 

neutrophilic protein that is a marker of mucosal inflammation. The LIAISON® Calprotectin assay can be 

used as an aid in the diagnosis of inflammatory bowel diseases (IBD), specifically Crohn’s disease and 

ulcerative colitis, and as an aid in differentiation of IBD from irritable bowel syndrome (IBS). Test results 

are to be used in conjunction with information obtained from the patients’ clinical evaluation and other 

diagnostic procedures” (FDA, 2018b). 

On September 24, 2019, BUHLMANN Laboratories AG received FDA approval for the Buhlmann FCAL 

Turbo And CALEX Cap fecal calprotectin extraction device. This device is to be used in conjunction with 

the automated calprotectin test, BÜHLMANN fCAL® turbo. The BÜHLMANN fCAL® turbo is an in vitro 

diagnostic assay which quantitatively measures fecal calprotectin (FDA, 2019). 

Rapid fecal calprotectin tests, such as CalproSmart™, are available internationally for use as point-of-

care testing, but these have not been approved for use in the U.S. by the FDA.  

Many labs have developed specific tests that they must validate and perform in house. These 
laboratory-developed tests (LDTs) are regulated by the Centers for Medicare and Medicaid (CMS) as 
high-complexity tests under the Clinical Laboratory Improvement Amendments of 1988 (CLIA 
’88). LDTs are not approved or cleared by the U. S. Food and Drug Administration; however, FDA 
clearance or approval is not currently required for clinical use. 
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Applicable CPT/HCPCS Procedure Codes 

CPT Code Description 

83993 Assay for calprotectin fecal 

Current Procedural Terminology© American Medical Association. All Rights reserved. 

Procedure codes appearing in Medical Policy documents are included only as a general reference 

tool for each policy. They may not be all-inclusive. 
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Policy Description  

Folate, or vitamin B9, is a generic term for a water-soluble vitamin obtained from the diet that is 
involved in the transfer of methyl groups (i.e., single carbon-containing groups) in multiple biochemical 
metabolic pathways, including nucleic acid biosynthesis and methionine/homocysteine metabolism.  
Folate metabolism is closely linked to vitamin B12, cobalamin. Folate deficiency can be implicated in 
many disease states and processes; however, it is usually easily remedied with either a change in diet or 
a dietary supplement of the synthetic form, folic acid (Means Jr & Fairfield, 2023a; NIH, 2018). 

Related Policies  

Policy Number  Policy Title  
N/A   

Indications and/or Limitations of Coverage  

�$�S�S�O�L�F�D�W�L�R�Q���R�I���F�R�Y�H�U�D�J�H���F�U�L�W�H�U�L�D���L�V���G�H�S�H�Q�G�H�Q�W���X�S�R�Q���D�Q���L�Q�G�L�Y�L�G�X�D�O�·�V���E�H�Q�H�I�L�W���F�R�Y�H�U�D�J�H���D�W���W�K�H���W�L�P�H���R�I���W�K�H��
�U�H�T�X�H�V�W�����6�S�H�F�L�I�L�F�D�W�L�R�Q�V���S�H�U�W�D�L�Q�L�Q�J���W�R���0�H�G�L�F�D�U�H���D�Q�G���0�H�G�L�F�D�L�G���F�D�Q���E�H���I�R�X�Q�G���L�Q���W�K�H���´�$�S�S�O�L�F�D�E�O�H���6�W�D�W�H���D�Q�G��
�)�H�G�H�U�D�O���5�H�J�X�O�D�W�L�R�Q�V�µ���V�H�F�W�L�R�Q���R�I���W�K�L�V���S�R�O�L�F�\���G�R�F�X�P�H�Q�W��  

1) For individuals diagnosed with megaloblastic or macrocytic anemia and for whom the megaloblastic 
anemia and/or macrocytosis does not resolve after folic acid treatment, measurement of serum folate 
concentration MEETS COVERAGE CRITERIA. 
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2) For all indications not described above, measurement of serum folate concentration DOES NOT 

MEET COVERAGE CRITERIA. 

3) For all indications, measurement of red blood cell (RBC) folate DOES NOT MEET COVERAGE 

CRITERIA. 

The following does not meet coverage criteria due to a lack of available published scientific literature 

confirming that the test(s) is/are required and beneficial for the diagnosis and treatment of an individual’s 

illness. 

4) For all situations, folate receptor autoantibody testing DOES NOT MEET COVERAGE CRITERIA.  

Table of Terminology 

Term Definition 

AA Aplastic anemia  

AACE American Association of Clinical Endocrinologists  

AAFP American Academy of Family Physicians  

AAN American Academy of Neurology  

ABIM American Board of Internal Medicine 

ACE American College of Endocrinology  

ACG American College of Gastroenterology  

AND Academy of Nutrition and Dietetics  

ApABG Para-acetamidobenzoylglutamate 

ASA American Society of Anesthesiologists  

ASCP American Society for Clinical Pathology 

ASMBS American Society for Metabolic and Bariatric Surgery  

ASPEN American Society for Parenteral and Enteral Nutrition  

BCMA British Columbia Medical Association 

BCSH British Committee for Standards in Haematology  

CBC Complete blood count  

CD Celiac disease  

CDC Centers for Disease Control and Prevention  

CKD Chronic kidney disease 

CLIA ’88 Clinical Laboratory Improvement Amendments of 1988  

CMS Centers for Medicare and Medicaid  

CPT Current Procedural Terminology 

CRP C-reactive protein 

DHFR Dihydrofolate reductase  

DNA Deoxyribonucleic acid 

ECCO European Crohn’s and Colitis Organization  

EL Evidence level  

FDA Food and Drug Administration 

Hb Hemoglobin 

HCPCS Healthcare Common Procedure Coding System 

IBD Irritable bowel disorders  

IOM Institute of Medicine  

KDIGO Kidney Disease Improving Global Outcomes  

LDT Laboratory-developed test 



 

   Page 3 of 16 

Term Definition 

MCG Microgram 

MCMs Major congenital malformation 

MMWR Morbidity and mortality weekly report  

MTHFR Methylenetetrahydrofolate reductase  

NBA Australian National Blood Authority  

NCCN National Comprehensive Cancer Network  

NHANES National Health and Nutrition Examination Survey  

NICE National Institute for Health and Care Excellence  

NTDs Neural tube defects  

OMA Obesity Medicine Association  

PA Prior authorization 

pABG  Para-aminobenzoylglutamate 

RBC Red blood cell  

RDN Registered dietitian nutritionist 

RF Red blood cell folate testing  

SCCM Society of Critical Care Medicine 

SF Serum folate testing 

SSCM Society of Critical Care Medicine  

TOS The Obesity Society  

TSAT Transferrin saturation  

UL Upper limits  

USPSTF United States Preventive Services Task Force  
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Scientific Background 

Folate, or vitamin B9, naturally occurs as polyglutamated compounds (pteroylpolyglutamates) in many 

plant and animal products. The synthetic form is a monoglutamate-containing compound called folic 

acid. Folic acid is more chemically stable for commercial production and storage, but it is less 

bioavailable than the naturally occurring folate (Means Jr & Fairfield, 2023a). Biochemically, folate is a 

coenzyme in single-carbon transfers in vivo and is directly linked to the cobalamin (vitamin B12) cycle, 

methionine metabolism, and nucleic acid biosynthesis. Dietary folates are hydrolyzed via γ-glutamyl 

hydrolase (or folate conjugase) prior to absorption in the intestinal mucosa (IOM, 1998). Both folate and 

vitamin B12 are required for formation of 5,10-methylene tetrahydrofolate, which is the cofactor 

involved in purine synthesis. Methylenetetrahydrofolate reductase (MTHFR) is the enzyme responsible in 

converting 5,10-methylene tetrahydrofolate to 5-methyl tetrahydrofolate, which is required for 

methionine synthase, the enzyme that converts homocysteine to methionine. The interlinked one-

carbon cycle is depicted in the figure below with the metabolites assayed in clinical laboratories in bold 

(Finer et al., 2013).  

Role of Folate in Anemia 

Anemia occurs when the body lacks healthy red blood cells (RBCs), leading to an insufficient amount of 

oxygen delivered to tissues. Typical symptoms of anemia include fatigue, weakness, pale skin, and 

lightheadedness.  

Macrocytic anemia refers to anemias that have high mean corpuscular volume with large RBCs. Mean 

corpuscular volume, or mean cell volume, can be defined as the average volume of RBCs in an 

individual. Megaloblastic anemia is a specific macrocytic anemia due to nucleic acid metabolic defects 
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that result in “nuclear-cytoplasmic dyssynchrony, reduced number of cell divisions in the bone marrow, 

and nuclear abnormalities in both myeloid and erythroid precursors” caused by folate and/or vitamin 

B12 deficiency (Means Jr & Fairfield, 2023b). These abnormal RBCs are the principle clinical 

manifestations of folate deficiency and symptoms “include weakness, fatigue, difficulty concentrating, 

irritability, headache, heart palpitations, and shortness of breath” (NIH, 2018).  

Folate and Neural Tube Defects (NTDs) 

Neural tube defects (NTDs) develop early in pregnancy and are malformations of the brain and/or spine 

that include spina bifida and anencephaly. Folate deficiency is directly linked to NTDs. The role of folate 

in NTD development is not well-characterized. The role of folate in either the methylation cycle or 

nucleic acid synthesis has been suggested to play a part in NTD development during embryogenesis, 

and some studies have indicated that it is the bioavailability of specific folates in the pregnant individual 

that can increase the likelihood of NTDs (Imbard et al., 2013; Rothenberg et al., 2004). Individuals 

typically do not obtain enough folate from diet alone, so individuals of childbearing age are 

recommended to take a synthetic folic acid supplement to decrease the likelihood of NTDs in offspring 

(Bibbins-Domingo et al., 2017). To decrease the occurrence of NTDs and folate deficiency, the United 

States and Canada mandated folic acid supplementation to cereal grains in 1998, and as of March 2018 

“92 countries have legislation to mandate fortification of at least one industrially milled cereal grain” (FFI, 

2021).  

It is notable that the prevalence of folate deficiency, and the prevalence of NTDs has declined in 

countries with routine folic acid supplementation (Crider et al., 2011). A review by Imbard et al. (2013) of 

17 different studies on the impact of folic acid fortification of NTD rates show that 16 show a decrease in 

the rate of NTDs. Only one study of the rate of NTDs in California showed no decline since fortification. 

The reduction of the United States overall was 26-30% since folic acid fortification (Imbard et al., 2013).  

Folate Receptor Antibody Testing (FRAT®) 

 

Folate deficiency in the pregnant individual can “lead to pregnancy-related complications including 

neural tube defects (NTDs) in the fetus. Numerous studies have now established the benefits of folate 

supplementation in reducing the incidence of NTD pregnancy” (Sequeira, 2012). Fratnow's 

FRAT® measures the “presence of antibodies that interact by either blocking or binding with the activity 

of the Folate Receptor A. Data shows that folate is critical for the proper function of many tissues, 

including brain, placenta, and ovaries. FRAT® is not indicated for the diagnosis of any medical condition 

and thus has not been approved by the FDA. FRAT® can be useful as a research tool in the above 

disorders, as well as assessing the health of folate transport to the brain, placenta, and ovary” (Fratnow, 

2016).  

Causes of Folate Deficiency 

Folate deficiency can be caused by dietary intake. Nutritional deficits may occur due to diet, alcoholism, 

depression, and even overcooked foods. Many malabsorptive disorders, such as celiac disease and 

ulcerative colitis, can also result in a decrease in folate uptake. Further, bariatric procedures may result in 

decreased absorption, and drugs, including methotrexate and trimethoprim that inhibit dihydrofolate 

reductase (DHFR), can also cause a folate deficiency. It is also important to note that an increased need 

of folate for DNA synthesis during pregnancy and lactation, chronic hemolytic anemias, exfoliative skin 

diseases, and hemodialysis cause folic acid deficiency. Folate deficiency is also more prevalent in older 

adults than younger (Means Jr & Fairfield, 2023b). 
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Methodology of Folate Testing 

Folate concentrations have been measured from serum, erythrocytes (RBC), and urine. Serum folate 

levels may not “differentiate between what may be a transitory reduction in folate intake or chronic 

folate deficiency accompanied by depleted folate stores and functional changes” (IOM, 1998). RBCs have 

a lifespan of approximately 120 days, and folate is only taken in during initial erythropoiesis (red blood 

cell production); consequently, RBC folate concentrations are less likely to be affected by transitory 

dietary fluctuations. However, Wu et al. (1975) show that both RBC folate and serum folate levels 

correlate to hepatocyte folate levels (IOM, 1998; Wu et al., 1975). Galloway and Rushworth (2003) 

released a study in conjunction with the National Pathology Alliance review in the United Kingdom 

comparing data of laboratories of the National Health Service that routinely use serum folate testing 

only, RBC folate testing only, or both serum and RBC folate testing together. The researchers conclude 

that there is no need to use both tests to determine folate concentration as an initial screen. “The serum 

folate assay provided equivalent information to the measurement of red cell folate and evidence from 

the literatures [sic] suggest that the serum folate assay should be the method of choice” (Galloway & 

Rushworth, 2003). 

Clinical Utility and Validity 

A study by Shojania and von Kuster (2010) investigated the use of serum folate testing (Trompeter et al.) 

and RBC folate testing (RF) in cases of anemia in a country that has mandated folic acid 

supplementation in grain products. By examining the data for folate testing in anemia at two different 

teaching hospitals in Canada, they report that in one hospital in 2001 “11 out of 2154 (0.5%) SF were low 

(<7.0 nmol/L) and 4 out of 560 (0.7%) RF were low (<417 nmol/L). In no subject with low SF or RF could 

the anemia be attributed to folate deficiency.” For the other hospital, the data from 1999-2001 shows 

that “19 out of 991 (1.9%) had low RF (<225 nmol/L) but in only 2 patients (0.2%) the low RF was in 

folate deficiency anemia range” (Shojania & von Kuster, 2010). The authors conclude that neither serum 

folate testing, nor RBC folate testing is justified in cases of anemia for folic acid fortified countries due to 

such low incidence rates of folate deficiency anemia. 

A study by Joelson et al. (2007) examined the records of three different hospitals in the U.S. that service 

a high number of indigent patients. The researchers reported the data from three non-consecutive years 

(1997, 2000, and 2004) to examine the impact of folate fortification in food products.  Using the RBC 

folate levels only with a RBC folate cutoff value of 160 ng/mL (363.6 nmol/L), “the combined incidence of 

folate deficiency decreased from 4.8% in 1997 to 0.6% in 2004…Even when the folate concentration was 

found to be low, the majority of these subjects did not have macrocytosis.” This study included a total of 

4134 RBC folate tests performed over the course of three years. It is of interest to note that the number 

of tests performed increased from 813 in 1997 to 1759 in 2004. The authors do note of a potential 

limitation of the study since the data of the patients cannot be separated into specific groups (pregnant 

individuals, alcoholics, socioeconomic classes, and so on). The authors conclude “that folate deficiency 

has become a rare event in the United States, and the utility of routine folate measurements for patients 

with anemia and/or increased mean corpuscular volume are difficult to justify” (Joelson et al., 2007). 

Urinary folate levels do not reflect either the stored folate concentrations or the fluctuations in folate 

concentration due to transitory dietary changes. Only about 1-2% of the folate excreted in the urine is 

unmetabolized and “excretion continued in the face of advanced folate depletion” (IOM, 1998). One 

study of ten postmenopausal individuals on a low folate diet measured folate turnover using urinary 

testing of folate and folate metabolites. “Folate intake did not significantly influence ApABG (para-

acetamidobenzoylglutamate) or pABG (para-aminobenzoylglutamate) excretion.” ApABG and pABG 

along with pterins are the major folate catabolites. The authors conclude that “the rate of folate 
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catabolite excretion is related mainly to masses of slow-turnover folate pools governed by long-term 

folate intake” (Gregory et al., 2000).  

Epstein-Peterson et al. (2020) collected and analyzed all folate tests performed in 2017 at an academic 

cancer center. In total, 937 patients were tested 1065 times; approximately 7% of tests indicated a folate 

deficiency, and folate deficiency was significantly associated with a higher risk of death (P=0.01) 

(Epstein-Peterson et al., 2020). 

Tran et al. (2022) performed a literature review on the diagnostic accuracy, clinical utility, cost-

effectiveness, and evidence-based guidelines regarding the use of serum folate testing in people with 

suspected folate deficiency. An information specialist completed a literature search using the search 

concepts “folate deficiency AND testing” and only limiting results to the human population for 

publications between January 1, 2012, and February 15, 2022. The authors were not able to identify any 

relevant literature regarding diagnostic test accuracy, clinical utility, cost-effectiveness, or evidence-

based guidelines (Tran et al., 2022).  

Guidelines and Recommendations 

Centers for Disease Control and Prevention (CDC) 

The CDC urges all individuals who are capable of becoming pregnant and who are also of reproductive 

age to “take 400 micrograms (Handelsman et al.) of folic acid each day, in addition to consuming food 

with folate from a varied diet, to help prevent some major birth defects of the baby’s brain 

(anencephaly) and spine (spina bifida)” (CDC, 2022). This was reviewed in 2021. This recommendation 

includes all individuals of reproductive age planning to become pregnant or not, as about half of U.S. 

pregnancies are unplanned. 

American Society for Clinical Pathology (ASCP)/Choosing Wisely  

The ASCP published a recommendation in 2017 in Choosing Wisely, an American Board of Internal 

Medicine (ABIM) initiative, where they clearly state the following: “Do not order red blood cell folate 

levels at all. In adults, consider folate supplementation instead of serum folate testing in patients with 

macrocytic anemia.” They indicate that the drastic decrease in folic deficiency in both the U.S. and 

Canada after mandated folic acid supplementation in foods no longer requires for either serum folate or 

red blood cell folate concentrations be tested. “While red blood cell folate levels have been used in the 

past as a surrogate for tissue folate levels or a marker for folate status over the lifetime of red blood 

cells, the result of this testing does not, in general, add to the clinical diagnosis or therapeutic plan” 

(ASCP, 2017). 

National Pathology Alliance (of the United Kingdom)  

The National Pathology Alliance of the United Kingdom in 2003 published in the Journal of Clinical 

Pathology their recommendation “that serum folate measurements provide equivalent information to 

red cell folate measurements” (Galloway & Rushworth, 2003). 

American Association of Clinical Endocrinologists (AACE)/The American College of Endocrinology 

(ACE), The Obesity Society (TOS), American Society for Metabolic and Bariatric Surgery (ASMBS), 

Obesity Medicine Association (OMA), and American Society of Anesthesiologists (ASA)  

In 2013, the AACE, ACE, and TOS issued joint guidelines regarding healthy eating for the prevention and 

treatment of metabolic and endocrine diseases in adults (Gonzalez-Campoy et al., 2013). Based on the 
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data from the National Health and Nutrition Examination Survey (NHANES), they state “that patients 

with vitamin B12 deficiency had higher folate levels, were more likely to be anemic, and had more 

cognitive impairment that those with normal serum folate levels” [evidence level (EL) 2]. They evaluate 

the evidence concerning the link between folate and cardiovascular disease as EL4 and the link between 

NTDs and folate as EL1. With respect to pregnancy nutritional needs, they “should be assessed prior to 

conception to improve pregnancy outcome.” All individuals of childbearing age “should consume at 

least 400 µg dietary equivalents of folate per day” [EL4] and that during pregnancy the daily amount 

should be increased to 600 µg [EL3].  

The AACE and ACE in 2015 released their Clinical Practice Guidelines for Developing a Diabetes Mellitus 

Comprehensive Care Plan (Handelsman et al., 2015). Concerning patients with diabetic nephropathy, the 

suggest that they “undergo annual or more frequent assessment of electrolytes.”  For those with anemia, 

iron, transferrin saturation (TSAT), ferritin, vitamin B12, and folate levels “should be further investigated” 

[EL4].   

In 2017, the AACE and ACE released their guidelines for management of dyslipidemia and prevention of 

cardiovascular disease (Jellinger et al., 2017). Since bile acid sequestrant treatments such as 

cholestyramine can cause folate depletion in children, they recommend that children on such treatments 

supplement their diet with a multivitamin. They also note that folate, B6, and B12 supplementation can 

help mediate hyperhomocysteinemia, but that the supplements do not reduce risk of atherosclerotic 

cardiovascular disease. 

In 2019, the AACE/ACE, TOS, ASMBS, OMA, and ASA issued joint guidelines for the perioperative 

nutritional, metabolic, and nonsurgical support of the bariatric surgery patient (Mechanick et al., 2019). 

Here, as part of a pre-operative bariatric surgery checklist that has a “Grade A” recommendation, they 

include “nutrient screening with iron studies, B12 and folic acid (RBC folate, homocysteine, methylmalonic 

acid optional) …consider more extensive testing in patients undergoing malabsorptive procedures based 

on symptoms and risks.” With regards to patients who become pregnant after having a bariatric 

procedure, they recommend (with Grade D) having nutritional surveillance laboratory screenings done 

each trimester for folate deficiency along with iron, calcium, B12, and vitamin D, and if after a 

malabsorptive procedure, fat-soluble vitamins, zinc, and copper.  With a Grade C, they state that 

“nutritional anemias resulting from malabsorptive bariatric surgical procedures can involve deficiencies 

in vitamin B12, folate, protein, copper, selenium, and zinc and may be evaluated when routine 

aggressive case finding for iron-deficiency anemia is negative.” Additionally, findings of folate deficiency 

in patients with obesity prior to bariatric surgery by the ASMBS “justifies aggressive case finding 

preoperatively with biochemical testing, specifically using sensitive markers, such as red-blood-cell 

folate and homocysteine (methylmalonic acid is normal with folate deficiency and normal B12 status)” 

and they note that particular attention should be given to individuals of childbearing age.  

National Institute for Health and Care Excellence (NICE)  

The National Institute for Health and Care Excellence (NICE) of the Department of Health in the United 

Kingdom published their extensive guidelines concerning bladder cancer on February 25, 2015.  Within 

the section concerning the follow-up treatment for muscle-invasive bladder cancer, they recommend a 

protocol after radical cystectomy that includes “monitoring for metabolic acidosis and B12 and folate 

deficiency at least annually” (NICE, 2015). This guideline was reaffirmed in 2019. 

American Academy of Family Physicians (AAFP)  
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The AAFP released the recommendations concerning macrocytosis and macrocytic anemia in 2009.  Of 

note, they state that “serum folate levels are not useful because they fluctuate rapidly with dietary intake 

and are not cost effective.  RBC folate levels more accurately correlate with folate stores and should be 

performed if folate deficiency is suspected.” They give the following key recommendation (with evidence 

rating of “C” or “consensus, disease-oriented evidence, usual practice, expert opinion, or case series”) to 

“obtain red blood cell folate level if other etiologies are not found (serum folate levels may be 

misleading).” In the evaluation of macrocytic anemia, they included a flowchart outlining the order of 

steps and tests to be taken, including when the RBC folate level should be checked. For a patient 

exhibiting a mean corpuscular volume 100 fL and an abnormal peripheral smear showing megaloblastic 

features and a reticulocyte count under 2%, they should have their RBC folate level measured only if the 

vitamin B12 level is >400 pg. The flowchart is included below (Kaferle & Strzoda, 2009).   

 
American Academy of Neurology (AAN)  

In 2001, the AAN updated their practice parameters for the diagnosis of dementia.  Within the section 

concerning the comorbidities that should be screened in an initial assessment for dementia, they 

recommend folate testing along with complete blood count, serum electrolytes, B12, blood urea 

nitrogen/creatinine, syphilis serology, thyroid function, and glucose. They did note that as of that time 

“no studies were identified that evaluated these recommendations” since the last practice parameters 

released in 1994 (Knopman et al., 2001). 

Kidney Disease Improving Global Outcomes (KDIGO)  
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KDIGO released their updated KDIGO Clinical Practice Guideline for Anemia in Chronic Kidney Disease in 

2012.  They gave a “not graded” recommendation for “in patients with CKD [chronic kidney disease] and 

anemia (regardless of age and CKD stage), include the following tests in initial evaluation of the anemia 

(Not Graded): 

• Complete blood count (CBC), which should include Hb concentration, red cell indices, white blood 

cell count and differential, and platelet count 

• Absolute reticulocyte count 

• Serum ferritin level 

• Serum transferring saturation (TSAT) 

• Serum vitamin B12 and folate levels” 

They also state that “RBC folate levels can be measured when serum folate levels are equivocal or when 

there is concern that recent dietary intake may obscure underlying folate deficiency using serum levels 

alone” (McMurray et al., 2012). 

American Society for Parenteral and Enteral Nutrition (ASPEN) & Society of Critical Care Medicine 

(SSCM) 

In 2013, ASPEN and SSCM issued joint clinical guidelines concerning the nutrition support of 

hospitalized obese adults. With a “Recommendation: Weak” status, they recommended “in acutely ill 

hospitalized patients with history of these procedures [sleeve gastrectomy, gastric bypass, or 

biliopancreatic diversion ± duodenal switch], evaluation for evidence of depletion of iron, copper, zinc, 

selenium, thiamine, folate, and vitamins B12 and D is suggested as well as repletion of deficiency states” 

(Choban et al., 2013).   

In 2016, ASPEN and SSCM issued their Guidelines for the provision and assessment of nutrition support 

therapy in the adult critically ill patient. The committee recommended that “evaluation for and treatment 

of micronutrient deficiencies such as calcium, thiamin, vitamin B12, fat-soluble vitamins (A, D, E, K), and 

folate, along with the trace minerals iron, selenium, zinc, and copper, should be considered” (McClave et 

al., 2016). In 2021, the ASPEN and SSCM updated their Guidelines for the provision and assessment of 

nutrition support therapy in the adult critically ill patient; the guidelines do not mention folate testing 

(Compher et al., 2022). In 2017, ASPEN and SSCM updated their Guidelines for the provision and 

assessment of nutrition support therapy in the pediatric critically ill patient. These guidelines do not 

mention folate testing (Mehta et al., 2017).  

Academy of Nutrition and Dietetics (AND)  

The AND released their Oncology evidence-based nutrition practice guideline in 2013 and reaffirmed the 

guideline in a 2017 publication. On the “Assessment of Biochemical Data Medical Tests, and Procedures 

on Adult Oncology Patients” portion, the committee recommended with “Consensus, Imperative” that 

“the RDN [Registered Dietitian Nutritionist] should evaluate available data and recommend as indicated: 

biochemical data, medical tests and procedures of adult oncology patients” and included on their list is 

“Nutritional anemia profile (hemoglobin, hematocrit, folate, B12, iron).” “Assessment of these factors is 

needed to effectively determine nutrition diagnoses and plan the nutrition interventions” (Thompson et 

al., 2017). 

European Crohn’s and Colitis Organisation (ECCO)  

ECCO’s guidelines concerning irritable bowel disorders (IBD) included an extensive discussion on causes 

and treatments of anemia in IBD—both iron deficiency anemia and non-iron deficiency anemia. With an 
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[EL 5], they state that “deficiencies of Vitamin B12 and folate should be treated to avoid anaemia. Serum 

levels of vitamin B12 and folic acid should be measured at least annually, or if macrocytosis is present.  

Patients at risk for vitamin B12 or folic acid deficiency [eg small bowel disease or resection] need closer 

surveillance. The recommended timelines are based on expert opinions and reflect common clinical 

practice, but do not apply to patients with extensive small bowel resection, extensive ileal Crohn’s 

disease, or ileal-anal pouch” (Dignass et al., 2015). 

American College of Gastroenterology (ACG)  

In their guidelines and recommendations concerning the diagnosis and management of celiac disease 

(CDC) in 2013, the ACG recommended the following statement with Conditional recommendation, low 

level of evidence: “People with newly diagnosed CD should undergo testing and treatment for 

micronutrient deficiencies.  Deficiencies to be considered for testing should include, but not be limited 

to, iron, folic acid, vitamin D, and vitamin B12” (Rubio-Tapia et al., 2013). This guideline was reaffirmed in 

2016.  

British Committee for Standards in Haematology (BCSH)  

In 2014, the BCSH released guidelines on folate deficiencies. They noted that “routine red cell folate 

testing is not necessary because serum folate alone is sufficient in most cases.” However, they also 

acknowledged that “in the presence of strong clinical suspicion of folate deficiency, despite a normal 

serum level, a red cell folate assay may be undertaken, having ruled out cobalamin deficiency.” The 

BCSH also noted that “folate status is generally checked in clinical situations similar to those of 

cobalamin deficiency (Grade 1A)” (Devalia et al., 2014).  

In 2016, the BCSH recommended that a “documented vitamin B12 or folate deficiency should be 

corrected before a final diagnosis of AA is confirmed. Bone marrow aplasia due to vitamin deficiency is 

exceedingly rare” (Killick et al., 2016). 

In the 2021 BCSH Guidelines for the Investigation and Management of Vitamin B12 and Folate Deficiency 

list the following four indications for folate testing: “unexplained anaemia/macrocytic 

anaemia/megaloblastic anaemia, excess alcohol intake especially with coexisting liver disease, exfoliative 

skin diseases, post gastric and bariatric surgery.” Alternatively, the guidelines list the following two 

indications when folate supplementation should occur without folate testing: “pregnancy, haemolytic 

anaemia – autoimmune haemolysis, red cell membrane disorders and haemoglobinopathies.” The 

guidelines also state that folate and B12 should always be tested together, but notes that “once a 

patient has commenced B12 replacement there is no further need for it to be measured again” (BCSH, 

2021).  

Renal Association Clinical Practice Guideline  

The Renal Association recommends measuring serum folate concentration for evaluation of anemia in 

CKD (Mikhail et al., 2017). 

National Comprehensive Cancer Network (NCCN)  

The NCCN recommends measurement of RBC folate as part of the initial evaluation for myelodysplastic 

syndromes. Serum folate may be considered as an alternative, but is not preferable to RBC folate. “RBC 

folate is a more representative measure of folate stores and is the preferred test to serum folate” (NCCN, 

2023). 
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Applicable State and Federal Regulations 

DISCLAIMER: If there is a conflict between this Policy and any relevant, applicable government policy for 

a particular member [e.g., Local Coverage Determinations (LCDs) or National Coverage Determinations 

(NCDs) for Medicare and/or state coverage for Medicaid], then the government policy will be used to 

make the determination. For the most up-to-date Medicare policies and coverage, please visit the 

Medicare search website: https://www.cms.gov/medicare-coverage-database/search.aspx. For the most 

up-to-date Medicaid policies and coverage, visit the applicable state Medicaid website. 

Food and Drug Administration (FDA) 

Many labs have developed specific tests that they must validate and perform in house. These laboratory-

developed tests (LDTs) are regulated by the Centers for Medicare and Medicaid (CMS) as high-

complexity tests under the Clinical Laboratory Improvement Amendments of 1988 (CLIA ’88). LDTs are 

not approved or cleared by the U. S. Food and Drug Administration; however, FDA clearance or approval 

is not currently required for clinical use. 

Applicable CPT/HCPCS Procedure Codes 

CPT Code Description 

82746 Folic acid; serum 

82747 Folic acid; RBC 

0399U 

Neurology (cerebral folate deficiency), serum, detection of anti-human folate 

receptor IgG-binding antibody and blocking autoantibodies by enzyme-linked 

immunoassay (ELISA), qualitative, and blocking autoantibodies, using a functional 

blocking assay for IgG or IgM, quantitative, reported as positive or not detected 

Proprietary test: FRAT® (Folate Receptor Antibody Test) 

Lab/Manufacturer: Religen Inc 

Current Procedural Terminology© American Medical Association.  All Rights reserved. 
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Policy Description 

Immune cell function assays involve measurement of peripheral blood lymphocyte response 

(intracellular ATP levels, proliferation) following stimulation to assess the degree of functionality of the 

cell-mediated immune response (Buttgereit et al., 2000).  

For guidance on procedures utilizing flow cytometry, please refer to AHS-F2019 Flow Cytometry. 

Related Policies 

Policy Number Policy Title 

AHS-F2019 Flow Cytometry 

AHS-M2091 Transplant Rejection Testing 

Indications and/or Limitations of Coverage 

Application of coverage criteria is dependent upon an individual’s benefit coverage at the time of the 

request. Specifications pertaining to Medicare and Medicaid can be found in the “Applicable State and 

Federal Regulations” section of this policy document. 
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The following does not meet coverage criteria due to a lack of available published scientific literature 

confirming that the test(s) is/are required and beneficial for the diagnosis and treatment of an individual’s 

illness. 

1) For all situations, an immune cell function assay (e.g., Pleximmune™, Pleximar) DOES NOT MEET 

COVERAGE CRITERIA. 

Table of Terminology 

Term Definition 

AAAAI The American Academy of Allergy, Asthma & Immunology 

AASLD American Association for the Study of Liver Diseases 

ACAAI The American College of Allergy, Asthma & Immunology 

AST The American Society of Transplantation 

ATP Adenosine triphosphate 

CD4  Cluster of differentiation 4 

CMI Cell-mediated immunity 

CMV Cytomegalovirus 

DOR Diagnostic odds ratio 

FDA Food and Drug Administration 

GVHD Graft-versus-host disease 

HIV Human immunodeficiency virus 

HLA Human leukocyte antigen 

ISHLT  The International Society of Heart and Lung Transplantation  

ITx Intestine transplant 

LTx Liver transplant 

NLR Negative likelihood ratio 

NPV Negative predictive value 

PLR Positive likelihood ratio 

PPV Positive predictive value 

RA Rheumatoid arthritis 

SCID Severe combined immunodeficiency disease 

Scientific Background 

Primary immunodeficiencies are a group of rare disorders in which part of the body’s immune system is 

absent or functions incorrectly. These disorders occur in as many as 1:2000 live births and are most often 

categorized according to a combination of mechanistic and clinical descriptive characteristics (Bonilla et 

al., 2015). Specific cellular immunity is mediated by T cells, and defects affecting these T cells underlie 

the most severe immunodeficiencies. As antibody production by B cells requires intact T cell function, 

most T cell defects lead to combined (cellular and humoral) immunodeficiency (Butte, 2023).  

In vitro studies of T cell function measure peripheral blood T cell responses to several different types of 

stimuli (Bonilla, 2008): 
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• Mitogens (such as the plant lectins phytohemagglutinin, concanavalin A, pokeweed mitogen, anti-

CD3). 

• Specific antigens (such as tetanus and diphtheria toxoids or Candida albicans antigens). 

• Allogeneic lymphocytes (i.e., mixed lymphocyte culture). 

Exposure of T cells to stimulus leads to their metabolic activation and polyclonal expansion (Fernandez-

Ruiz et al., 2014). Response can be measured by indicators of proliferation, ATP synthesis and release, or 

expansion of specific subpopulations (Butte, 2023). 

The evaluation of specific immune responses is essential for diagnosis of primary immune deficiencies. 

Screening tests used to evaluate patients with suspected primary immune deficiencies are relatively 

inexpensive, performed rapidly, and reasonably sensitive and specific (Notarangelo, 2010; Oliveira & 

Fleisher, 2010). Abnormal screening test results indicate the need for more sophisticated tests. This 

stepwise approach ensures an efficient and thorough evaluation of mechanisms of immune dysfunction 

that underlie the clinical presentation; this process includes the narrowing of diagnostic options before 

using costly sophisticated tests that might be required to arrive at specific diagnoses (Bonilla et al., 

2015). Abnormal T cell counts measure T cell mitogen responses that are absent or extremely low; this is 

a crucial element in the diagnosis of several primary immune deficiencies, most notably, severe 

combined immunodeficiency (SCID) (Picard et al., 2015). Additionally, T-cell recognition of alloantigen’s 

is the primary and central event that leads to the cascade of events that result in rejection of a 

transplanted organ (Vella, 2022). Several commercial assays have been developed based on the 

traditional assessment of T-cell stimulation to predict or assess transplant rejection. 

Proprietary Testing 

The ImmuKnow assay measures the ability of CD4 T-cells to respond to mitogenic stimulation by 

phytohemagglutinin-L in vitro by quantifying the amount of adenosine triphosphate (ATP) produced 

and released from these cells following stimulation (Zhang et al., 2016). Since the CD4 lymphocytes 

orchestrate cell-mediated immunity responses through immunoregulatory signaling, measurement of 

intracellular ATP levels following CD4 activation is intended to estimate the net state of immune system 

in immunocompromised patients (Anglicheau et al., 2023) and one of the few well-established strategies 

for functional immune monitoring in solid organ transplant recipients (Sottong et al., 2000). 

The Pleximmune™ blood test measures the inflammatory immune response of recipient T-cells to the 

donor in co-culture of lymphocytes from both sources (Ashokkumar et al., 2009; Ashokkumar et al., 

2017; Sindhi et al., 2016). The Pleximmune test sensitivity and specificity for predicting acute cellular 

rejection was found to be 84% and 81%, respectively, in a training set–validation set testing of 214 

children. Early clinical experience shows that test predictions are particularly useful in planning 

immunosuppression in the setting of indeterminate biopsy findings or in modifying protocol-mandated 

treatment when combined with all other available clinical information about an individual patient (Sindhi 

et al., 2016). 

The iQue® Immune Cell Function Assay identifies immune cells based on cell surface markers or secreted 

soluble mediators. This assay quantifies cytokines, adhesion molecules, enzymes, and growth factors 

receptors and measures cell phenotypes, cell function markers, cell viability, cell count, proliferation, and 

secreted effector cytokines in a single well. The iQue assay can be used to characterize T cells and 

measure various populations including memory T cells, cytotoxic T cells, and natural killer cells (Intellicyt, 

2023).  
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Clinical Utility and Validity 

A population-based study comparing the assay results in healthy controls and solid organ transplant 

recipients established three categories to define patient's cell-mediated immune response: strong 

(≥525 ng ml−1), moderate (226–524 ng ml−1) and low (≤225 ng ml−1) (Fernandez-Ruiz et al., 2014; 

Kowalski et al., 2006). Numerous authors have analyzed the predictive value of the ImmuKnow® 

(Viracor) assay for acute rejection, as recently summarized in a meta-analysis that found a relatively high 

specificity (0.75) but a low sensitivity (0.43), with significant heterogeneity across studies (Fernandez-Ruiz 

et al., 2014; Ling et al., 2012). The ImmuKnow® assay has been examined in clinical trials for its potential 

use in monitoring immunosuppression medication regimens in solid organ transplant patients. 

Kowalski et al. (2006) performed a meta-analysis of 504 solid organ transplant recipients (heart, kidney, 

kidney-pancreas, liver, and small bowel) from 10 U.S. centers. The authors found that “A recipient with 

an immune response value of 25 ng/ml adenosine triphosphate (ATP) was 12 times more likely to 

develop an infection than a recipient with a stronger immune response. Similarly, a recipient with an 

immune response of 700 ng/ml ATP was 30 times more likely to develop a cellular rejection than a 

recipient with a lower immune response value” (Kowalski et al., 2006). The authors also hypothesized an 

“immunological target of immune function,” created by the intersection of odds ratio curves at 280 

ng/ml ATP. The authors concluded “the Cylex ImmuKnow assay has a high negative predictive value and 

provides a target immunological response zone for minimizing risk and managing patients to stability” 

(Kowalski et al., 2006). 

Wang et al. (2014) performed a meta-analysis of six studies which found “The pooled sensitivity, 

specificity, positive likelihood ratio (PLR), negative likelihood ratio (NLR), and diagnostic odds ratio 

(DOR) of ImmuKnow for predicting the risk of infection were 0.51, 0.75, 1.97, 0.67, and 3.56, respectively. 

A DOR of 13.81, with a sensitivity of 0.51, a specificity of 0.90, a PLR of 4.45, and an NLR of 0.35, was 

found in the analysis of the predictive value for acute rejection.” The authors concluded, “Our analysis 

did not support the use of the ImmuKnow assay to predict or monitor the risks of infection and acute 

rejection in renal transplant recipients. Further studies are needed to confirm the relationships between 

the ImmuKnow assay and infection and acute rejection in kidney transplantation” (Wang et al., 2014). 

Jo et al. (2015) analyzed CD4 T-lymphocytes ATP levels along with lymphocyte subsets in 160 samples 

from 111 post-allogeneic hematopoietic stem cell transplantation (alloHSCT) patients. In patients with 

stable status, the six-month post-alloHSCT ImmuKnow® levels were found to be significantly higher 

than those tested within six months post-alloHSCT. ImmuKnow® results six months post-alloHSCT 

showed low positive correlation with natural killer cell count (r = 0.328) and the values tested later than 

six months post-alloHSCT were positively correlated with CD4 T cell count (r = 0.425). 

However, ImmuKnow® levels for acute graft-versus-host disease (GVHD) or infection episodes were not 

significantly different compared to those for stable alloHSCT. The authors concluded that “the combined 

test of ImmuKnow levels and lymphocyte subsets may be helpful for immune monitoring following 

alloHSCT.” 

Ravaioli et al. (2015) aimed to “assess the clinical benefits of adjusting immunosuppressive therapy in 

liver recipients based on immune function assay results.” A total of 100 patients received serial immune 

function testing via the ImmuKnow in vitro diagnostic assay (compared to 102 controls who received 

standard practice). The authors found that “based on immune function values, tacrolimus doses were 

reduced 25% when values were less than 130 ng/mL adenosine triphosphate (low immune cell response) 

and increased 25% when values were greater than 450 ng/mL adenosine triphosphate (strong immune 

cell response)” (Ravaioli et al., 2015). The authors also found that survival and infection rates were better 
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in the treatment arm compared to the control arm. Overall, the investigators concluded “Immune 

function testing provided additional data which helped optimize immunosuppression and improve 

patient outcomes” (Ravaioli et al., 2015). 

Piloni et al. (2016) evaluated 61 lung recipients who underwent follow-up for lung transplantation 

between 2010 and 2014 in order to correlate ImmuKnow® values with functional immunity in lung 

transplant recipients. The authors found that 71 out of 127 samples (56%) showed an over-

immunosuppression with an ImmuKnow® assay mean level of 112.92 ng/ml (SD ± 58.2) vs. 406.14 

ng/ml (SD ± 167.7) of the rest of our cohort. In the over-immunosuppression group, the authors found 

51 episodes of infection (71%). The mean absolute ATP level was significantly different between patients 

with or without infection (202.38 ± 139.06 ng/ml vs. 315.51 ± 221.60 ng/ml). The authors concluded that 

“the ImmuKnow assay levels were significantly lower in infected lung transplant recipients compared 

with non-infected recipients and in RAS patients” (Piloni et al., 2016). 

Chiereghin et al. (2017) evaluated symptomatic infectious episodes that occurred during the first year 

after an organ transplant. A total of 135 infectious episodes were studied with 77 of the infections 

bacterial, 45 viral, and 13 fungal. Significantly lower median ImmuKnow® intracellular ATP levels were 

identified in patients with bacterial or fungal infections compared to infection-free patients, whereas 

patients with viral infection did not have a significantly different median ATP level compared to non-

infected patients. The authors concluded that bacteria were responsible for most symptomatic infections 

post-transplant and that ImmuKnow measurements may be useful for “identifying patients at high risk 

of developing infection, particularly of fungal and bacterial etiology” (Chiereghin et al., 2017). 

Liu et al. (2019) studied the potential of the ImmuKnow assay to diagnose infection in pediatric patients 

who have received a living-donor liver transplant. A total of 66 patients participated in this study and 

were divided into infection (n=28) and non-infection (n=38) groups. The researchers report that the 

“CD4+ T lymphocyte ATP value of the infection group was significantly lower compared with that of the 

non-infection group” (Liu et al., 2019). This suggests that for pediatric patients who have received a 

living-donor liver transplant, low CD4+ T lymphocyte ATP levels may be related to infection rates. The 

ImmuKnow assay may be a helpful tool in this scenario to predict infection. 

Weston et al. (2020) used the ImmuKnow assay to adjust immunosuppression in heart transplant 

recipients with severe systemic infections. In particular, if a patient developed an infection, the 

ImmuKnow assay was used to recommend adjustments in immunosuppression. This assay was used on 

80 patients; thirteen of these patients developed a more serious infection. The researchers conclude that 

“Heart transplant recipients with severe systemic infections presented with a decreased ImmuKnow®, 

suggesting over immunosuppression. ImmuKnow® can be used as an objective measurement in 

withdrawing immunosuppression in heart transplant recipients with severe systemic infections” (Weston 

et al., 2020). 

Ashokkumar et al. (2017) evaluated PlexImmune through the assessment of CD-154 T-cytotoxic memory 

cells. A total of 280 samples (158 training set, 122 validation) from 214 children were examined. 

Recipient CD-154 cells induced by stimulation with donor cells were expressed as a fraction of those 

induced by human leukocyte antigen (HLA) nonidentical cells, and a resulting immunoreactivity index 

(IR) ≥1 implied increased rejection-risk. The authors found that “an IR of 1.1 or greater in posttransplant 

training samples and IR of 1.23 or greater in pretransplant training samples predicted liver transplant 

(LTx) or intestine transplant (ITx) rejection with sensitivity, specificity, positive, and negative predictive 

values of 84%, 80%, 64%, and 92%, respectively, and 57%, 89%, 78%, and 74%, respectively” 

(Ashokkumar et al., 2017). The authors concluded that “Allospecific CD154+T-cytotoxic memory cells 
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predict acute cellular rejection after LTx or ITx in children. Adjunctive use can enhance clinical outcomes” 

(Ashokkumar et al., 2017). 

However, at the present time, there is no consensus on the utility of these tests, despite the amount of 

literature devoted to determine its real value for predicting post-transplant complications (Clark & 

Cotler, 2022; Fernandez-Ruiz et al., 2014; Kowalski et al., 2006; Ling et al., 2012; Rodrigo et al., 2012). 

Monforte et al. (2021) studied the prognostic value of ImmuKnow® for predicting non-cytomegalovirus 

(CMV) infections in lung transplant patients. After their lung transplants, 92 patients were followed for 

six to twelve months and the assay was carried out at 6, 8, 10, and 12 months. Twenty five percent of the 

patients developed non-CMV infections between 6-12 months after the transplant. At six months, 15.2% 

of patients had a moderate immune response and 84.8% of patients had a low immune response to the 

infection. In the following six months, only one of the patients with a moderate immune response 

developed a non-CMV infection compared to the 28.2% of low immune response patients who 

developed a non-CMV infection. The ImmuKnow® assay had a sensitivity of 95.7%, specificity of 18.8%, 

positive predictive value (PPV) of 28.2%, and negative predictive value (NPV) of 92.9% in detecting a 

non-CMV infection. The authors conclude that "although ImmuKnow® does not seem useful to predict 

non-CMV infection, it could identify patients with a very low risk and help us define a target for an 

optimal immunosuppression" (Monforte et al., 2021).  

In an open-label prospective cohort study, Xue et al. (2021) studied the use of the Cylex immune cell 

function assay for diagnosis of infection after liver transplant in pediatric patients. A total of 216 infants 

with liver transplants were followed and Cylex ATP values were measured before and after the liver 

transplant at weeks 1, 2, 3, 4, 8, 12 and 24. After surgery, 74.1% of the transplant patients had a 

diagnosed infection, 20.4% were clinically stable, and 5.6% experienced acute rejection. The median 

Cylex ATP value in infant PLTs post-surgery reduced significantly in the infection group compared to 

stable group. ROC curve analysis determined that the cut-off value of Cylex ATP was 152 ng/mL for 

diagnosis of infection. The authors conclude "In this study, we demonstrated that low Cylex ATP 

represented partly over-immunosuppression and had diagnostic value in infant PLTs with infections, 

which might assist individualized immunosuppression in PLT patients" (Xue et al., 2021).  

Maidman et al. (2022) performed a retrospective observational study on patients from 2018 to 2020 who 

underwent orthotopic cardiac transplantation in a single center to investigate the predictive value of 

pre-transplant ImmuKnow results on rejection. When separating the patients into cohorts of low activity 

and moderate-high activity with the test results, they found that in the no patients experienced early 

organ rejection in the low pre-transplant ImmuKnow group, but 24.2% of patients experienced early 

rejection in the high pre-transplant ImmuKnow group with statistical significance. The researchers 

ultimately concluded a potential utility of utilizing pre-transplant ImmuKnow results to predict possible 

risk of early heart transplant rejection, and thus promote earlier intervention and immunosuppression 

when appropriate (Maidman et al., 2022). 

Guidelines and Recommendations 

The American Academy of Allergy, Asthma & Immunology (AAAAI) and the American College of 

Allergy, Asthma & Immunology (ACAAI)  

The American Academy of Allergy, Asthma & Immunology (AAAAI) and the American College of Allergy, 

Asthma & Immunology (ACAAI) published practice parameters for the diagnosis and management of 

primary immunodeficiency (Bonilla et al., 2015) which stated that: 
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“Evaluation of specific immune responses is essential for diagnosis of PIDDs [primary immunodeficiency 

diseases]. Measurement of serum immunoglobulin levels and lymphocyte responses to mitogens are 

useful indicators of global B- and T-cell development and function.” 

The guideline also lists “In vitro proliferative response to mitogens and antigens” as an advanced test 

used when “Abnormal screening test results indicate the need for more sophisticated tests” (Bonilla et 

al., 2015). The screening test indicated is flow cytometry to enumerate CD4 and CD8 T cells and NK cells. 

Normal or abnormal T cell response to mitogen stimulation is listed in the diagnostic algorithm for the 

diagnosis of combined or syndromic immunodeficiencies. Specifically, it states that “Infants with low 

TREC counts should have secondary screening by using flow cytometry to enumerate T-cell numbers 

and the proportion of naive cells. T-cell counts of less than 1500/mm3 or a proportion of naive cells of 

less than 50% should be followed up measuring the in vitro response to a mitogen, such as PHA.” It is 

also listed as a characteristic laboratory finding for WAS, AT related disorders, Good syndrome, XLP1, 

MSMD, MyD88, WHIM, EV and in the management of DGS, and immuno-osseous dysplasia. 

The International Society of Heart and Lung Transplantation (ISHLT) 

In their recommendations for non-invasive monitoring of acute heart transplant rejection, the ISHLT 

made a new Class III recommendation that “use of the immune cell function assay (ImmuKnow) cannot 

be recommended in adult and pediatric heart transplant recipients for rejection monitoring” with a B 

Level of Evidence (Velleca et al., 2022).  

An ISHLT consensus document for the management of antibodies in a heart transplantation was 

published in 2018. This document does not mention the ImmuKnow or Pleximmune assays, but does 

state that “Solid-phase assays, such as the Luminex SAB assay, are recommended to detect circulating 

antibodies” (Kobashigawa et al., 2018). 

An ISHLT consensus document for the antibody-mediated rejection of the lung was published in 2016. 

This consensus document does not mention the ImmuKnow or Pleximmune assays (Levine et al., 2016). 

The American Society of Transplantation (AST)  

The American Society of Transplantation does not include the use of the ImmuKnow assay in its 

publication: "Recommendations for Screening, Monitoring and Reporting of Infectious Complications in 

Immunosuppression Trials in Recipients of Organ Transplantation” (Humar & Michaels, 2006). 

Educational guidelines for the management of kidney transplant recipients in the community setting and 

for infectious diseases in transplant recipients published in 2009 by the American Society of 

Transplantation (AST) also do not include ImmuKnow® (AST, 2009). 

Third International Consensus Guidelines on the Management of Cytomegalovirus in Solid-organ 

Transplantation 

The International Cytomegalovirus CMV Consensus Group of the Transplantation Society published an 

international consensus statement on the management of CMV in solid organ transplant in 2018. In it, 

they note that “Clinical utility studies demonstrate that alteration of patient management based on the 

results of an immune-based assay is feasible, safe, and cost-effective” (Kotton et al., 2018). 
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Applicable State and Federal Regulations 

DISCLAIMER: If there is a conflict between this Policy and any relevant, applicable government policy for 

a particular member [e.g., Local Coverage Determinations (LCDs) or National Coverage Determinations 

(NCDs) for Medicare and/or state coverage for Medicaid], then the government policy will be used to 

make the determination. For the most up-to-date Medicare policies and coverage, please visit the 

Medicare search website: https://www.cms.gov/medicare-coverage-database/search.aspx. For the most 

up-to-date Medicaid policies and coverage, visit the applicable state Medicaid website. 

Food and Drug Administration (FDA) 

ImmuKnow® (Viracor, previously, Cylex) is an immune cell function assay cleared for marketing by the 

U.S. Food and Drug Administration (FDA) in April 2002 to detect cell-mediated immunity (CMI) in an 

immunosuppressed patient population. Cylex obtained 510(k) clearances from the FDA to market the 

Immune Cell Function Assay based on substantial equivalence to two flow cytometry reagents. The FDA-

indicated use of the Cylex Immune Cell Function Assay is for the detection of cell-mediated immunity in 

an immunosuppressed population. A subsequent 510(k) marketing clearance for a device modification 

was issued by the FDA for this assay in 2010. There were no changes to the indications or intended use.  

In August 2014, Pleximmune™ (Plexision, Pittsburgh, PA) was approved by FDA through the 

humanitarian device exemption process. The test is intended for use in the pre-transplantation and early 

and late post-transplantation period in pediatric liver and small bowel transplant patients for the 

purpose of predicting the risk of transplant rejection within 60 days after transplantation or 60 days after 

sampling. 

Many labs have developed specific tests that they must validate and perform in house. These laboratory-

developed tests (LDTs) are regulated by the Centers for Medicare and Medicaid (CMS) as high-

complexity tests under the Clinical Laboratory Improvement Amendments of 1988 (CLIA ’88). LDTs are 

not approved or cleared by the U. S. Food and Drug Administration; however, FDA clearance or approval 

is not currently required for clinical use. 

Applicable CPT/HCPCS Procedure Codes 

CPT  Code Description 

81560 

Transplantation medicine (allograft rejection, pediatric liver and small bowel), measurement 

of donor and third-party-induced CD154+T-cytotoxic memory cells, utilizing whole 

peripheral blood, algorithm reported as a rejection risk score 

Proprietary test: Pleximmune™ 

Lab/Manufacturer: Plexision, Inc 

86352 

Cellular function assay involving stimulation (eg, mitogen or antigen) and detection of 

biomarker (eg, ATP) 

0018M 

Transplantation medicine (allograft rejection, renal), measurement of donor and third-party-

induced CD154+T-cytotoxic memory cells, utilizing whole peripheral blood, algorithm 

reported as a rejection risk score 

Proprietary test: Pleximark 

Lab/Manufacturer: Plexision, Inc 

Current Procedural Terminology© American Medical Association. All Rights reserved. 

https://nam10.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.cms.gov%2Fmedicare-coverage-database%2Fsearch.aspx&data=05%7C01%7Ccharles.garrett%40avalonhcs.com%7C32380eea387d4e14428c08da86a403ac%7Cb9dd3f7ca7c14e67a4833b491ec656ee%7C0%7C0%7C637970336760779593%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=3ADI6OL4gipiy1RNByNCDuxNkAH%2FCKEdUjkiHFRCjJw%3D&reserved=0
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Procedure codes appearing in Medical Policy documents are included only as a general reference tool for 

each policy. They may not be all-inclusive. 
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Policy Description 

Immunohistochemistry (IHC) is a very sensitive and specific staining technique that uses anatomical, 

biochemical, and immunological methods to identify cells, tissues, and organisms by the interaction of 

target antigens with highly specific monoclonal antibodies and visualization though the use of a 

biochemical tag or label (Fitzgibbons et al., 2014). 

Related Policies 

Policy Number Policy Title 

N/A  

Indications and/or Limitations of Coverage   

Application of coverage criteria is dependent upon an individual’s benefit coverage at the time of the 

request. Specifications pertaining to Medicare and Medicaid can be found in the “Applicable State and 

Federal Regulations” section of this policy document. 

1) Code 88342 should be used for the first single antibody procedure and is reimbursed at one unit per 

specimen, up to four specimens, per date of service.  

2) Code 88341 should be used for each additional single antibody per specimen and is reimbursed up to 

a maximum of 13 units per date of service.  
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3) Code 88344 should be used for each multiplex antibody per specimen, up to six specimens, per date of 

service. 

Table of Terminology 

Term Definition 

AFP Alpha-fetoprotein 

ARID1A AT-rich interactive domain-containing protein 1A 

ASCO The American Society of Clinical Oncology 

Bcl2 BCL2 apoptosis regulator 

b-HCG Beta human chorionic gonadotropin 

BRCA1 Breast cancer type 1 susceptibility protein gene 

BAP1 BRCA1 associated protein 1 

CAIX Carbonic anhydrase IX 

CAP College of American Pathologists 

CD1a Cluster of differentiation 1a 

CD5 Cluster of differentiation 5 

CD10 Cluster of differentiation 10 

CD21 Cluster of differentiation 21 

CD30 Cluster of differentiation 30 

CD31 Cluster of differentiation 31 

CD34 Cluster of differentiation 34 

CD35 Cluster of differentiation 35 

CD43 Cluster of differentiation 43 

CD56 Cluster of differentiation 56 

CD99 Cluster of differentiation 99 

CD117 Cluster of differentiation 117 

CDH17 Cadherin-17 

CDK4 Cyclin-dependent kinase 4 

CDX2 Caudal-type homeobox 2 

CEA Carcinoembryonic antigen 

CK Creatine kinase 

CK17 Cytokeratin 17 

CK20 Cytokeratin 20 

CK5/6 Cytokeratin 5/6  

CK903 Cytokeratin 903 

CLIA’88 Clinical Laboratory Improvement Amendments of 1988 

CMS Centres for Medicare and Medicaid 

CRC Colorectal cancer  

D2-40 Anti-Podoplanin 

DNA  Deoxyribonucleic acid 

DOG1 Delay of germination 1 

ERG ETS-related gene 

ESMO The European Society of Medical Oncology 
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FDA Food and Drug Administration  

FISH  Fluorescence in situ hybridization 

Fli-1 Friend leukemia integration 1 

FOXL2 Forkhead box protein L2 

GATA3 GATA binding protein 3  

GCDFP15 Gross cystic disease fluid protein 15 

GI Gastrointestinal tract  

HepPar-1 General hepatocyte paraffin 1 

HER2  Human epidermal growth factor receptor 2 

HMB-45 Human melanoma black-45 

HNF-1b Hepatocyte nuclear factor 1 beta 

HPV Human papillomavirus  

IHC Immunohistochemistry 

IMP3 U3 small nucleolar ribonucleoprotein protein IMP3 

INI1 Integrase interactor 1 

ISH In situ hybridization 

KIM-1 Kidney injury molecule-1 

LDTs Laboratory developed tests 

Maspin Mammary serine protease inhibitor 

MCPyV Merkel cell polyomavirus 

MDM2 Mouse double minute 2 homolog 

MIB-1  MIB E3 ubiquitin protein ligase 1 

mIHC Multiplex immunohistochemistry  

MiTF Microphthalmia-associated transcription factor 

MLH1 MutL homolog 1 

MMR Mismatch repair protein 

MPO Myeloperoxidase 

MSA Mammary serum antigen 

MSH2 Mismatch repair protein Msh2 

MSI Microsatellite instability 

MUC4 Mucin 4 

MUC5AC Mucin 5AC 

MyoD1 Myoblast determination protein 1 

NANOG Nanog Homeobox 

napsin A Novel aspartic proteinase of the pepsin family A 

NCCN The National Cancer Coalition Network  

NKX2.2 Homeobox protein 

NKX3.1 Homeobox protein 

NY-ESO-1 New York esophageal squamous cell carcinoma 1 

OCT4 Octamer-binding transcription factor 4 

p16 Cyclin-dependent kinase inhibitor 2A 

p40 Protein subunit 

P504S Cytoplasmic protein 
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p63 Tumor protein p63 

pan-Trk  Pan-tropomyosin-related-kinase 

PAX2 Paired box 2 

PAX8 Paired box 8 

PDX1 Insulin promoter factor 1 

PNET Primitive neuro-ectodermal tumor  

PSA Prostate-specific antigen 

PSAP Phosphoserine aminotransferase 

PTEN Phosphatase and tensin homolog 

pVHL Von hippel–lindau tumor suppressor 

RB Retinoblastoma protein 

RCC Renal cell carcinoma 

RCCma Renal cell carcinoma marker  

S100P S100 calcium-binding protein p 

SALL4 Sal-like protein 4 

SATB2 Special AT-rich sequence-binding protein 2 

SF-1 Steroidogenic factor 1 

SOX10 SRY-box transcription factor 10 

TFE3 Transcription factor E3 

TLE1 Transducin-like enhancer protein 1 

TTF1 Transcription termination factor, RNA polymerase I 

UPII Uroplakin II 

WT1 Wilms tumor protein 

Scientific Background 

Immunohistochemistry (IHC) is used to identify certain components of tissues or cells (aka 

immunocytochemistry) via use of specific antibodies that can be visualized through a staining technique. 

The premise behind IHC is that distinct tissues and cells contain a unique set of antigens that allows them 

to be identified and differentiated. The selection of antibodies used for the evaluation of a specimen varies 

by the source of the specimen, the question to be answered, and the pathologist performing the test. 

Importantly, an entirely sensitive and specific IHC marker rarely exists, and therefore, determinations are 

typically based on a pattern of positive and negative stains for a panel of several antibodies. The four most 

common IHC staining patterns include nuclear staining, cytoplasmic staining, membrane staining, and 

extracellular staining (Tuffaha et al., 2018). A single IHC marker approach (other than for pathogens such 

as cytomegalovirus or BK virus) is strongly discouraged since aberrant expression of a highly specific IHC 

marker can rarely occur. However, aberrant expression of the entire panel of highly specific IHC markers 

is nearly statistically impossible (Lin & Chen, 2014).  

Multiplex immunohistochemistry (mIHC) is a particular IHC technique that allows multiple targets in a 

single tissue to be detected simultaneously; this approach is able to characterize “the tumor 

microenvironment including vascular architecture and hypoxia, cellular proliferation, cell death as well as 

drug distribution” (Kalra & Baker, 2017). Hence, mIHC can assist in the development of parameter tumor 

maps. Other researchers have utilized mIHC for its novel ability to provide quantitative data on different 
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types of tumor-infiltrating immune cells within a single tissue; this may improve cancer patient 

immunotherapy stratification (Hofman et al., 2019). 

Clinical Utility and Validity 

Immunohistochemistry can be used for a variety of purposes including: differentiation of benign from 

malignant tissue, differentiation among several types of cancer, selection of therapy, identification of the 

origin of a metastatic cancer, and identification of infectious organisms (Shah et al., 2012). IHC has many 

uses in the realm of tumor identification, and it has even been clinically used to pinpoint various breast 

cancer-specific markers, such as progesterone and estrogen receptors, gross cystic duct fluid protein, and 

mammaglobin (Hainsworth & Greco, 2022). Further, overexpression of the HER2 oncogene, a predicative 

breast cancer biomarker, is often identified via IHC (Yamauchi & Bleiweiss, 2023). In regards to tumor 

identification, a specific type of IHC, known as pan-Trk IHC, has been shown to positively identify 

inflammatory myofibroblastic tumors with a nuclear and cytoplasmic staining pattern that may assist in 

targeted therapy (Yamamoto et al., 2019). 

Antibodies for use in IHC are available as single antibody reagents or in mixtures of a combination of 

antibodies. More than 200 diagnostic antibodies are generally available in a large clinical IHC laboratory, 

and hundreds of antibodies are usually available in research laboratories. The list of new antibodies is 

growing rapidly with the discovery of new biomarkers by molecular methodologies (Lizotte et al., 2016). 

Several studies have shown that a relatively low number of antibodies are capable of accurately diagnosing 

specific cancers and identifying the primary source of a metastasis (Le Stang et al., 2019; Lizotte et al., 

2016; Prok & Prayson, 2006). 

Common markers to identify tumor origin (Lin & Chen, 2014): 

Primary Site Markers 

Lung adenocarcinoma TTF1, napsin A 

Breast carcinoma GATA3, ER, GCDFP15 

Urothelial carcinoma GATA3, UPII, S100P, CK903, p63 

Squamous cell carcinoma p40, CK5/6 

RCC, clear cell type PAX8, RCCma, pVHL, KIM-1 

Papillary RCC P504S, RCCma, pVHL, PAX8, KIM-1 

Translocational RCC TFE3 

Hepatocellular carcinoma Arginase-1, glypican-3, HepPar-1 

Adrenal cortical neoplasm  Mart-1, inhibin-a, calretinin, SF-1 

Melanoma  S100, Mart-1, HMB-45, MiTF, SOX10 

Merkel cell carcinoma  CK20 (perinuclear dot staining), MCPyV 

Mesothelial origin  Calretinin, WT1, D2-40, CK5/6, mesothelin 

Neuroendocrine origin  Chromogranin, synaptophysin, CD56 

Upper GI tract  CDH17, CDX2, CK20 



Page 6 of 11 

Lower GI tract  CDH17, SATB2, CDX2, CK20 

Intrahepatic cholangiocarcinoma  pVHL, CAIX 

Pancreas, acinar cell carcinoma  Glypican-3, antitrypsin 

Pancreas, ductal adenocarcinoma  MUC5AC, CK17, Maspin, S100P, IMP3 

Pancreas, neuroendocrine tumor  PR, PAX8, PDX1, CDH17, islet-1 

Pancreas, solid pseudopapillary 

tumor  

Nuclear b-catenin, loss of Ecadherin, PR, CD10, vimentin 

Prostate, adenocarcinoma  PSA, NKX3.1, PSAP, ERG 

Ovarian serous carcinoma  PAX8, ER, WT1 

Ovarian clear cell carcinoma  pVHL, HNF-1b, KIM-1, PAX8 

Endometrial stromal sarcoma  CD10, ER 

Endometrial adenocarcinoma  PAX8/PAX2, ER, vimentin 

Endocervical adenocarcinoma  PAX8, p16, CEA, HPV in situ hybridization, loss of PAX2 

Thyroid follicular cell origin  TTF1, PAX8, thyroglobulin 

Thyroid medullary carcinoma  Calcitonin, TTF1, CEA 

Hyalinizing trabecular adenoma of 

the thyroid  

MIB-1 (unique membranous staining pattern) 

Salivary duct carcinoma  GATA3, AR, GCDFP-15, HER2/neu 

Thymic origin  PAX8, p63, CD5 

Seminoma  SALL4, OCT4, CD117, D2-40 

Yolk sac tumor SALL4, glypican-3, AFP 

Embryonal carcinoma  SALL4, OCT4, NANOG, CD30 

Choriocarcinoma  b-HCG, CD10, SALL4 

Sex cord–stromal tumors  SF-1, inhibin-a, calretinin, FOXL2 

Vascular tumor  ERG, CD31, CD34, Fli-1 

Synovial sarcoma  TLE1, cytokeratin 

Chordoma  Cytokeratin, S100 

Desmoplastic small round cell tumor  Cytokeratin, CD99, desmin, WT1 (N-terminus) 

Alveolar soft part sarcoma  TFE3 

Rhabdomyosarcoma  Myogenin, desmin, MyoD1 

Smooth muscle tumor  SMA, MSA, desmin, calponin 

Ewing sarcoma/PNET  NKX2.2, CD99, Fli-1 

Myxoid and round cell liposarcoma  NY-ESO-1 
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Low-grade fibromyxoid sarcoma  MUC4 

Epithelioid sarcoma  Loss of INI1, CD34, CK 

Atypical lipomatous tumor  MDM2 (MDM2 by FISH is a more sensitive and specific test), 

CDK4 

Histiocytosis X  CD1a, S100 

Angiomyolipoma  HMB-45, SMA 

Gastrointestinal stromal tumor  CD117, DOG1 

Solitary fibrous tumor  CD34, Bcl2, CD99 

Myoepithelial carcinoma  Cytokeratin and myoepithelial markers; may lose INI1 

Myeloid sarcoma  CD43, CD34, MPO 

Follicular dendritic cell tumor  CD21, CD35 

Mast cell tumor  CD117, tryptase 

 

Guidelines and Recommendations 

Guidelines are lacking regarding the selection and number of antibodies that should be used for most 

immunohistochemistry evaluations. However, IHC is broadly used for conditions such as cancers, which 

are mentioned across many different societies. The below section is not a comprehensive list of guidance 

for immunohistochemistry.  

College of American Pathologists (CAP)  

The College of American Pathologists has published several reviews in Archives of Pathology & Laboratory 

Medicine that detail the quality control measures for IHC; further, CAP has also published more than 100 

small IHC panels to address the frequently asked questions in diagnosis and differential diagnosis of 

specific entities. These diagnostic panels are based on literature, IHC data, and personal experience. A 

single IHC marker approach (other than for pathogens such as cytomegalovirus or BK virus) is strongly 

discouraged since aberrant expression of a highly specific IHC marker can rarely occur. However, aberrant 

expression of the entire panel of highly specific IHC markers is nearly statistically impossible (Lin & Chen, 

2014; Lin & Liu, 2014). 

The American Society of Clinical Oncology (ASCO) and the College of American Pathologists (CAP)  

The American Society of Clinical Oncology and the College of American Pathologists currently recommend 

that “all newly diagnosed patients with breast cancer must have a HER2 test performed” (Wolff et al., 

2013). Also, for those who develop metastatic disease, a HER2 test must be done on tissue from the 

metastatic site, if available. In less common HER2 breast cancer patterns, as observed in approximately 5% 

of cases by dual-probe in situ hybridization (ISH) assays, new recommendations have been made to make 

a final determination of positive or negative HER2 tissue. This new “diagnostic approach includes more 

rigorous interpretation criteria for ISH and requires concomitant IHC review for dual-probe ISH groups… 

to arrive at the most accurate HER2 status designation (positive or negative) based on combined 

interpretation of the ISH and IHC assays;” further, “The Expert Panel recommends that laboratories using 
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single-probe ISH assays include concomitant IHC review as part of the interpretation of all single-probe 

ISH assay results” (Wolff et al., 2018). 

The 2018 update included the following changes from the prior 2013 update, particularly focusing on 

infrequent HER2 test results that were of “uncertain biologic or clinical significance”:  

• “Revision of the definition of IHC 2+ (equivocal) to the original FDA-approved criteria. 

• Repeat HER2 testing on a surgical specimen if the initially tested core biopsy is negative is no 

longer stated as mandatory. A new HER2 test may (no longer should) be ordered on the excision 

specimen on the basis of some criteria (such as tumor grade 3). 

• A more rigorous interpretation criteria of the less common patterns that can be seen in about 5% 

of all cases when HER2 status in breast cancer is evaluated using a dual-probe ISH testing. These 

cases, described as ISH groups 2 to 4, should now be assessed using a diagnostic approach that 

includes a concomitant review of the IHC test, which will help the pathologist make a final 

determination of the tumor specimen as HER2 positive or negative. 

The Expert Panel also preferentially recommends the use of dual-probe instead of single-probe ISH assays, 

but it recognizes that several single-probe ISH assays have regulatory approval in many parts of the world” 

(Wolff et al., 2018). The 2018 recommendations were affirmed in 2023 (Wolff et al., 2023). 

The National Cancer Coalition Network  

The NCCN has made numerous recommendations for use of IHC to diagnose and manage various types 

of cancer. Cancers with clinically useful IHC applications include breast, cervical, various leukemias, and 

colorectal cancer.  

The NCCN states that the determination of estrogen receptor, progesterone receptor, and HER2 status 

for breast cancer is recommended and may be determined by IHC (NCCN, 2023a). Specifically, the 

guidelines state that “the NCCN Panel endorses the CAP protocol for pathology reporting and endorses 

the ASCO CAP recommendations for quality control performance of HER2 testing and interpretation of 

IHC and ISH results.” They also specifically endorse the ASCO/CAP HER2 testing guideline “Principles of 

HER2 testing,” and state “HR testing (ER and PR) by IHC should be performed on any new primary or newly 

metastatic breast cancer using methodology outlined in the latest ASCO/CAP HR testing guideline.” 

Additionally, “PR testing by IHC on invasive cancers can aid in the prognostic classification of cancers and 

serve as a control for possible false negative ER results. Patients with ER-negative, PR-positive cancers may 

be considered for endocrine therapies, but the data on this group are noted to be limited” (NCCN, 2023a).  

Further, the NCCN recommendations concerning genetic testing for colorectal cancer state, “The panel 

recommends that for patients or families where colorectal or endometrial tumor is available, one of three 

options should be considered for workup: 1) tumor testing with IHC or MSI; 2) comprehensive NGS panel 

(that includes, at minimum, the four MMR genes and EPCAM, BRAF, MSI, and other known familial cancer 

genes); or 3) germline multi-gene testing that includes the four MMR genes and EPCAM. The panel 

recommends tumor testing with IHC and/or MSI be used as the primary approach for pathology-lab-

based universal screening” (NCCN, 2023b). More recently, the NCCN has made additional 

recommendations to individuals diagnosed with any type of hereditary colorectal cancer (CRC) syndrome; 

these recommendations state that “all individuals newly diagnosed with CRC have either MSI or 

immunohistochemistry (IHC) testing for absence of 1 of the 4 DNA MMR proteins” (NCCN, 2023b). 

The European Society of Medical Oncology (ESMO)  
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The ESMO recommends that for cancers of an unknown primary site, “histology and IHC on good quality 

tissue specimens are required [III, A]” (Krämer et al., 2023). Particularly in the context for gastrointestinal 

carcinomas, ESMO states “Immunohistochemical loss of BRCA1-associated protein 1 (BAP1) or AT-rich 

interactive domain-containing protein 1A (ARID1A) can support the diagnosis but the final decision can 

only be made in conjunction with clinical and radiological findings.” Other mentions of IHC in their 

updated 2023 guidelines did not result in any other updated recommendations (Krämer et al., 2023).  

Applicable State and Federal Regulations 

DISCLAIMER: If there is a conflict between this Policy and any relevant, applicable government policy for 

a particular member [e.g., Local Coverage Determinations (LCDs) or National Coverage Determinations 

(NCDs) for Medicare and/or state coverage for Medicaid], then the government policy will be used to 

make the determination. For the most up-to-date Medicare policies and coverage, please visit the 

Medicare search website: https://www.cms.gov/medicare-coverage-database/search.aspx. For the most 

up-to-date Medicaid policies and coverage, visit the applicable state Medicaid website. 

Food and Drug Administration (FDA) 

Many labs have developed specific tests that they must validate and perform in house. These laboratory-

developed tests (LDTs) are regulated by the Centers for Medicare and Medicaid (CMS) as high-complexity 

tests under the Clinical Laboratory Improvement Amendments of 1988 (CLIA ’88). LDTs are not approved 

or cleared by the U. S. Food and Drug Administration; however, FDA clearance or approval is not currently 

required for clinical use. 

Recently, four clinical IHC biomarker assays (PTEN, RB, MLH1, and MSH2) have been validated for use as 

biomarkers in a nationwide clinical trial; these assays were then approved by the FDA as laboratory-

developed tests to assist in the treatment selection of patients in clinical trials (Khoury et al., 2018). This 

shows that IHC assays are currently being utilized with molecular tests to assist in therapeutic decisions. 

Applicable CPT/HCPCS Procedure Codes 

CPT Code Description 

88341 Immunohistochemistry or immunocytochemistry, per specimen; each additional single 

antibody stain procedure 

88342 Immunohistochemistry or immunocytochemistry, per spec; initial single antibody stain 

88344 Immunohistochemistry or immunocytochemistry, per specimen; each multiplex antibody 

stain procedure 

Current Procedural Terminology© American Medical Association. All Rights reserved. 

Procedure codes appearing in Medical Policy documents are included only as a general reference tool 

for each policy. They may not be all-inclusive. 
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Policy Description  

In vitro chemotherapy sensitivity and resistance assays refer to any in vitro laboratory analysis that is 
performed specifically to evaluate whether tumor growth is inhibited by a known chemotherapy drug or, 
more commonly, a panel of drugs (Hatok et al., 2009; Schrag et al., 2004). 

Related Policies  

Policy Number  Policy Title  
N/A   

Indications and/or Limitations of Coverage  
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1) In vitro chemosensitivity assays (e.g., histoculture drug response assay, fluorescent cytoprint assay) 

DO NOT MEET COVERAGE CRITERIA. 

2) In vitro chemoresistance assays (e.g., extreme drug resistance [EDR] assays) DO NOT MEET 

COVERAGE CRITERIA. 

Table of Terminology 

Term Definition 

5-FU 5-Fluorouracil 

AML Acute myelocytic leukemia 

ASCO American Society of Clinical Oncology 

ATP-CRA Adenosine triphosphate-based chemotherapy response assay 

ATP-TCA Adenosine triphosphate-tumor chemosensitivity 

CDR Cell death rate 

CLIA ’88 Clinical Laboratory Improvement Amendments Of 1988 

CMS Centers For Medicare and Medicaid 

CR Complete remission 

CSC Cancer stem cells 

DISC Differential staining cytotoxicity 

EDR Extreme drug resistance 

FDA Food and Drug Administration 

HDRA Histoculture drug response assay 

HTCA Human tumor cell assays 

KU Kinetic units  

LCA Local coverage article 

LCD Local coverage determination 

LDT Laboratory-developed test 

MDR Multiple drug resistance 

MiCK Microculture-kinetic 

MTT 3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolyum Bromide  

NCCN National Comprehensive Cancer Network 

OR Odds ratio 

OS Overall survival 

PFS Progression-free survival 

RGCC Regulator of Cell Cycle 

RPPA Reverse phase protein array  

TMZ Temozolomide 

Scientific Background 

Chemotherapy treatment recommendation has long been based on carefully designed clinical studies in 

large patient populations and provide an individual patient with a probability for response based on 
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clinically observed response rates. This approach has led to major progress in clinical oncology and has 

helped to identify successful therapeutic regimens for patients with many cancers. However, the 

response rates are relatively low, and there are still many cancers for which there is only marginal 

treatment. Tumor cells isolated from these patients often are resistant to a wide range of anticancer 

drugs. In addition, it is becoming clear that each individual patient’s tumor is genotypically and 

phenotypically different (Hatok et al., 2009). 

Chemotherapy sensitivity and resistance assays may also be called human tumor stem cell drug 

sensitivity assays, tumor stem cell assays, clonogenic or nonclonogenic cytotoxic drug resistance assays, 

or differential staining cytotoxic assays. These tests were developed to determine if a patient with cancer 

might be resistant or sensitive to a specific chemotherapy treatment prior to use. A chemosensitivity 

assay detects the effects (cytotoxic, apoptotic, and so on) of a given chemotherapeutic agent outside an 

organism. The assays vary, but typically they follow the same steps: cells from the patient are isolated, 

incubated with the chemotherapeutic agent, and assessed for cell survival and cell response (Hatok et 

al., 2009; Tatar et al., 2016). This allows clinicians to evaluate the effects of the chemotherapeutic agent 

without unnecessary exposure to cells. However, there are difficulties with these assays; for example, the 

potency of a chemotherapeutic agent may only be seen after time has elapsed.  

Many assays have been created to assess the potency of chemotherapeutic agents, including proprietary 

tests such as ChemoFX and ChemoINTEL, as well as non-proprietary assays such as 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolyum bromide (MTT), adenosine triphosphate-tumor 

chemosensitivity (ATP-TCA), and differential staining cytotoxicity (DISC) (Tatar et al., 2016).  

Chemosensitivity assays typically rely on the use of cell cultures within the presence of the anticancer 

agent(s). For example, the MTT procedure involves culturing tumor cells with anticancer agents, then 

adding MTT, which is reduced to a blue dye in the cell. The intensity of the uptake allows the user to 

estimate the drug resistance of the tumor cells. DISC cultures tumor cells in three different 

concentrations of the drug, incubates them for six days, then uses differential dye staining to identify 

viable cells (Hatok et al., 2009). Several additional proprietary assays exist, such as ChemoFX (from 

Helomics), which exposes tumor cells to increasing doses of chemotherapeutic drugs; then, the number 

of live cells remaining post-treatment is counted. These counts are combined into a dose-response 

curve, which is used to categorize a tumor’s response as “responsive,” “intermediate response,” or “non-

responsive” (Brower et al., 2008). Another proprietary test is the assay from Pierian Biosciences (Grendys 

et al., 2014; Pierian, 2023). This test relies on drug-induced apoptosis with the quantification of tumor 

cells’ response to chemotherapeutic agents. This test is now branded as ChemoINTEL (Pierian, 2023). A 

third proprietary test comes from RGCC, marketed as “Onconomics RGCC.” This test evaluates both 

molecular markers and viability assessments to determine efficacy of certain drugs.  It follows the same 

pattern as the previously discussed tests, i.e., developing cell cultures and examining effects of 

chemotherapeutic agents on their population (RGCC, 2023). Other proprietary assays include human 

tumor cell assays (HTCA) and human tumor cloning assays. 

Another technique is the Extreme Drug Resistance assay (EDR®), which takes cultured cells and exposes 

them to high concentrations of chemotherapeutic agents for long exposure times. The exposure time to 

agents for these cells is typically more than 100 times that of what a patient would receive in a regular 

chemotherapy session. The goal is to isolate the chemotherapeutics that would be of least clinical 

benefit in the treatment process (Karam et al., 2009). 

Recent advances have led to new proprietary tests on the market, such as the KIYATEC Inc. ex vivo 3D 

cell culture technology, which predicts “in vivo cancer drug efficacy through precision ex vivo response 
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profiling,” by using live cancer cells from surgical and/or biopsy specimens to create a tumor specific to 

the patient genetic profile (KIYATEC, 2023). This manufactured tumor is then used to investigate the 

patient’s potential responses to chemotherapy regimens or drugs. A second new proprietary test, from 

Theralink, uses a reverse phase protein array (RPPA) test to evaluate over 600 different protein and 

phosphoprotein targets on a cell’s surface. The test is used to evaluate whether FDA-approved cancer 

therapies and investigational treatments will be effective based on cell surface proteins. Theralink’s 

technology seeks to reduce exposure of patients to cytotoxic treatments and therapies through analysis 

of drug-protein interactions that drive treatment responses (Theralink, 2023). 

Clinical Utility and Validity  

Tatar et al. (2016) conducted a study to assess three in vitro chemosensitivity assays in ovarian 

carcinoma. 26 patients with ovarian carcinoma contributed tumoral tissue, and three assays (the MTT 

assay, the ATP-TCA assay, and the DISC assay) were used to evaluate the chemosensitivity of paclitaxel, 

carboplatin, docetaxel, topotecan, gemcitabine, and doxorubicin. The authors stated that all three assays 

correlated reasonably well with each other and are “particularly useful for serous and advanced cancers.” 

However, they caution that “large prospective studies comparing standard versus assay-directed therapy 

with an endpoint of overall survival are required before routine clinical utilization of these assays” (Tatar 

et al., 2016). 

Kwon et al. (2016) evaluated the usefulness of the in vitro adenosine triphosphate-based chemotherapy 

response assay (ATP-CRA) for prediction of clinical response to fluorouracil-based adjuvant 

chemotherapy in stage II colorectal cancer. Tumor specimens of 86 patients with stage II colorectal 

adenocarcinoma were tested for chemosensitivity to fluorouracil, and chemosensitivity was determined 

by cell death rate (CDR) of the drug-exposed cells. In total, 11 of the 86 patients had a recurrence, and 

the group with CDR ≥20% was associated with better disease-free survival than the group under 20%. 

The authors concluded that “in stage II colorectal cancer, the in vitro ATP-CRA may be useful in 

identifying patients likely to benefit from fluorouracil-based adjuvant chemotherapy” (Kwon et al., 2016). 

Krivak et al. (2014) conducted an observational study to evaluate if the ChemoFx assay can identify 

patients who are platinum-resistant prior to treatment. The study included 276 individuals with 

International Federation of Gynecology and Obstetrics stage III-IV ovarian, fallopian, and peritoneal 

cancer, and the responsiveness of their tumors was evaluated. All patients were treated with a 

platinum/taxane regimen following cytoreductive surgery. The authors found that the patients whose 

tumors were resistant to carboplatin were at increased risk of disease progression compared to those 

who were nonresistant. The authors stated that “assay resistance to carboplatin is strongly associated 

with shortened PFS among advanced-stage epithelial ovarian cancer patients treated with carboplatin + 

paclitaxel therapy, supporting use of this assay [ChemoFx] to identify patients likely to experience early 

recurrence on standard platinum-based therapy” (Krivak et al., 2014). 

Rutherford et al. (2013) conducted a prospective study evaluating the use of ChemoFx assay in recurrent 

ovarian cancer patients. The study included 252 individuals with persistent or recurrent ovarian cancer 

and fresh tissue samples were collected for chemoresponse testing. Patients were treated with one of 15 

protocol-designated treatments empirically selected by the oncologist, blinded to the assay results. 

Patients were prospectively monitored for progression-free survival (PFS) and overall survival 

(OS). Patients treated with an assay-sensitive regimen demonstrated significantly improved PFS and OS 

while there was no difference in clinical outcomes between intermediate and resistant groups. The 

researchers concluded that the “study demonstrated improved PFS and OS for patients with either 
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platinum-sensitive or platinum-resistant recurrent ovarian cancer treated with assay-sensitive agents” 

(Rutherford et al., 2013). 

Hoffman (2018) conducted a study investigating the clinical correlation of histoculture drug response 

assay (HDRA) in 29 advanced gastric and colon cancer patients. The authors revealed that all 29 were 

being treated with drugs considered “ineffective” by the HDRA. However, nine patients were also being 

treated with drugs identified as “effective” by the HDRA, and these patients showed response or arrest 

of disease progression. The authors investigated another subset of 32 patients treated with mitomycin C 

and 5-fluorouracil (5-FU) and whom had advanced gastric cancer. Ten patients were identified as 

“sensitive” to these drugs, and their survival rates were higher than the other 22 whose tumors were 

“insensitive.” A separate 128-patient subset had their tumors evaluated by the HDRA, and the overall 

and disease-free survival rate was higher for the sensitive group compared to the resistant group. 

Overall, both “sensitive” groups experienced higher survival rates (Hoffman, 2018). 

Strickland et al. (2013) evaluated the correlation of the MiCK assay with patient outcomes in initial 

treatment of adult acute myelocytic leukemia (AML). 109 patients with untreated AML contributed 

samples for the MiCK assay. The amount of apoptosis was measured over 48 hours and standardized to 

“kinetic units” of apoptosis (KU). The authors observed that complete remission (CR) was “significantly” 

higher in patients with high idarubicin-induced apoptosis (>3 KU) compared to patients with <3 KU. A 

multivariate analysis indicated the only significant variable to be idarubicin-induced apoptosis. The 

authors concluded, “Chemotherapy-induced apoptosis measured by the MiCK assay demonstrated 

significant correlation with outcomes and appears predictive of complete remission and overall survival 

for patients receiving standard induction chemotherapy” (Strickland et al., 2013). 

Howard et al. (2017) developed and assessed a “chemopredictive” assay (ChemoID), which was intended 

to identify the most effective chemotherapy out of a panel of selected treatments. ChemoID evaluates 

the efficacy of chemotherapies using a patient’s live tumor cells, as well as the cancer stem cells (CSC) 

that are purported to cause recurrence in patients. The study included 42 glioblastoma patients who 

were treated with standard of card temozolomide (TMZ). Clinical outcomes such as “tumor response, 

time to recurrence, progression-free survival (PFS), and overall survival (OS). Odds ratio (OR) associations 

of 12-month recurrence, PFS, and OS outcomes” were estimated. The authors found that for every 5% 

increase in CSC kill by TMZ, 12-month patient response (defined as “nonrecurrence of cancer”) increased 

by 2.2-fold. The authors also identified a less significant association with the bulk tumor cells; a 5% 

increase in bulk tumor cell kill corresponded with a 2.75-fold increase in nonresponse (p = .07). At >40% 

cell kill for CSC and >55% cell kill for bulk tumor cells, the area under curve was 0.989. Median 

recurrence time was 20 months for patients with a positive (defined as >40%) CSC test, compared to 

three months for patients with a negative test. Similarly, median recurrence time was 13 months for 

patients with a positive bulk tumor cell test (>55%), compared to four months for a negative test. Finally, 

the ChemoID CSC results were found to “potentially” identify more optimal treatments in 34 patients, 

while the bulk tumor results may have resulted in more optimal treatments in 27 patients. Overall, the 

authors concluded that “the ChemoID CSC drug response assay has the potential to increase the 

accuracy of bulk tumor assays to help guide individualized chemotherapy choices” (Howard et al., 2017). 

Chen et al. (2018) evaluated in vitro chemosensitivity and multiple drug resistance (MDR) using an ATP-

based tumor chemosensitivity assay (ATP-TCA). The authors evaluated 120 lung cancer patients’ 

chemosensitivity to eight single drug chemotherapies and 291 lung cancer patients’ chemosensitivity to 

seven chemotherapy regimens. Additionally, 284 lung adenocarcinoma patients and 90 lung squamous 

cell carcinoma patients were evaluated for chemosensitivity to both single-drug and chemotherapy 

regimens. Authors found that “PTX (51.7%), TXT (43.3%), GEM (12.5%), PTX+DDP (62.5%), TXT+L-OHP 
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(54.3%) and VP-16+DDP (16.2%) had the highest in vitro chemosensitivity rates.” Additionally, 

approximately 37.1% of patients developed resistance to eight single-drug chemotherapies; 25.8% 

showed resistance to all seven chemotherapy regimens. In conclusion, testing for drug sensitivity before 

chemotherapy could assist in preventing the “occurrence of primary drug resistance and inappropriate 

drug treatment” (Chen et al., 2018). 

Shuford et al. (2021) investigated whether a direct, live tumor 3D cell-based assay could predict clinical 

therapeutic response before treatment for patients with high grade glioma. The authors used a 3D cell 

culture test that was validated for drug concentration, timing, and reproducibility. The 3D cell-based 

assay predicted the response of patients to temozolomide in 17/20 (85%, P= .007) patients seven days 

before surgery and before treatment began. Patients who responded to the test had a median over-all 

survival rate of 11.6 months post-surgery compared with a 5.9-month survival rate (P= .0376) for those 

that did not respond to the cell-based assay. The ex vivo assay also effectively provided evidence for 

when to use dabrafenib when NGS results did not. The authors noted that the study “both validates the 

developed assay analytically and clinically and provides case studies of its implementation in clinical 

practice” (Shuford et al., 2021). 

Guidelines and Recommendations 

American Society of Clinical Oncology (ASCO)  

The 2011 clinical practice guideline update states that: “The use of chemotherapy sensitivity and 

resistance assays to select chemotherapeutic agents for individual patients is not recommended outside 

of the clinical trial setting. Oncologists should make chemotherapy treatment recommendations on the 

basis of published reports of clinical trials and a patient’s health status and treatment preferences. 

Because the in-vitro analytic strategy has potential importance, participation in clinical trials evaluating 

these technologies remains a priority” (Burstein et al., 2011). 

National Comprehensive Cancer Network  

The NCCN Practice Guidelines in Oncology for Ovarian Cancer (NCCN, 2023b) state that: 

“chemosensitivity/resistance and/or other biomarker assays are being used at some NCCN Member 

Institutions for decisions related to future chemotherapy in situations where there are multiple 

equivalent chemotherapy options available. The current level of evidence is not sufficient to supplant 

standard of care chemotherapy.” This is a category 3 recommendation (based on any level of evidence 

but reflects major disagreement).  

Chemosensitivity/resistance testing is not mentioned in the guidelines for gastric, colon, or prostate 

cancers (NCCN, 2023a). 

Applicable State and Federal Regulations 

DISCLAIMER: If there is a conflict between this Policy and any relevant, applicable government policy for 

a particular member [e.g., Local Coverage Determinations (LCDs) or National Coverage Determinations 

(NCDs) for Medicare and/or state coverage for Medicaid], then the government policy will be used to 

make the determination. For the most up-to-date Medicare policies and coverage, please visit the 

Medicare search website: https://www.cms.gov/medicare-coverage-database/search.aspx. For the most 

up-to-date Medicaid policies and coverage, visit the applicable state Medicaid website. 

https://www.cms.gov/medicare-coverage-database/search.aspx
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Food and Drug Administration (FDA) 

Many labs have developed specific tests that they must validate and perform in house. These laboratory-

developed tests (LDTs) are regulated by the Centers for Medicare and Medicaid (CMS) as high-

complexity tests under the Clinical Laboratory Improvement Amendments of 1988 (CLIA ’88). LDTs are 

not approved or cleared by the U. S. Food and Drug Administration; however, FDA clearance or approval 

is not currently required for clinical use. 

Applicable CPT/HCPCS Procedure Codes 

CPT Code Description 

81535 

Oncology (gynecologic), live tumor cell culture and chemotherapeutic response by DAPI 

stain and morphology, predictive algorithm reported as a drug response score; first single 

drug or drug combination 

Proprietary test: ChemoFX® 

Lab/manufacturer: Helomics, Corp 

81536 

Oncology (gynecologic), live tumor cell culture and chemotherapeutic response by DAPI 

stain and morphology, predictive algorithm reported as a drug response score; each 

additional single drug or drug combination (List separately in addition to code for primary 

procedure) 

Proprietary test: ChemoFX® 

Lab/manufacturer: Helomics, Corp 

86849 Unlisted immunology procedure 

88104 

Cytopathology, fluids, washings or brushings, except cervical or vaginal; smears with 

interpretation 

88199 Unlisted cytopathology procedure 

88305 Level IV - Surgical pathology, gross and microscopic examination 

88313 

Special stain including interpretation and report; Group II, all other (eg, iron, trichrome), 

except stain for microorganisms, stains for enzyme constituents, or immunocytochemistry 

and immunohistochemistry 

88358 Morphometric analysis; tumor (eg, DNA ploidy) 

89050 Cell count, miscellaneous body fluids (eg, cerebrospinal fluid, joint fluid), except blood 

89240 Unlisted miscellaneous pathology test 

0083U 

Oncology, response to chemotherapy drugs using motility contrast tomography, fresh or 

frozen tissue, reported as likelihood of sensitivity or resistance to drugs or drug 

combinations 

Proprietary test: Onco4D™ 

Lab/manufacturer: Animated Dynamics, Inc. 

0248U 

Oncology (brain), spheroid cell culture in a 3D microenvironment, 12 drug panel, tumor-

response prediction for each drug 

Proprietary test: 3D Predict Glioma 

Lab/Manufacturer: KIYATEC®, Inc 

0249U 

Oncology (breast), semiquantitative analysis of 32 phosphoproteins and protein analytes, 

includes laser capture microdissection, with algorithmic analysis and interpretative report 

Proprietary test: Theralink® Reverse Phase Protein Array (RPPA) 

Lab/Manufacturer: Theralink® Technologies, Inc 

0285U 

Oncology, response to radiation, cell-free DNA, quantitative branched chain DNA 

amplification, plasma, reported as a radiation toxicity score 
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Proprietary test: RadTox™ cfDNA test 

Lab/Manufacturer: DiaCarta Clinical Lab/DiaCarta Inc 

0564T 

Oncology, chemotherapeutic drug cytotoxicity assay of cancer stem cells (CSCs), from 

cultured CSCs and primary tumor cells, categorical drug response reported based on 

percent of cytotoxicity observed, a minimum of 14 drugs or drug combinations (Reported 

for ChemoID®) 

Current Procedural Terminology© American Medical Association. All Rights reserved. 

 

Procedure codes appearing in Medical Policy documents are included only as a general reference 

tool for each policy. They may not be all-inclusive. 
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Policy Description  

Inflammatory bowel disease (IBD) is a class of inflammatory bowel disorders comprised of two major 
disorders: ulcerative colitis and Crohn�·�V disease each with distinct pathologic and clinical characteristics 
(Peppercorn & Cheifetz, 2023).  

Ulcerative colitis (UC) is a chronic inflammatory condition characterized by relapsing and remitting 
episodes of inflammation limited to the  mucosal layer of the colon (Silverberg et al., 2005) beginning at 
the rectum and may extend in a proximal and continuous fashion to involve other parts of the colon  
(Peppercorn & Kane, 2023). 

�&�U�R�K�Q�·�V���G�L�V�H�D�V�H�����&�'�����L�V���F�K�D�U�D�F�W�H�U�L�]�H�G���E�\ patchy transmural inflammation (skip lesions) of the 
gastrointestinal tract resulting in sinus tracts, and ultimately microperforations and fistulae (Silverberg et 
al., 2005). It may also lead to fibrosis, strictures and to obstructive clinical presentations that are not 
typically seen in ulcerative colitis (Gasche et al., 2000; Peppercorn & Kane, 2022).  
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