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Abstract:  

The validity of algorithms for identifying patients with chronic hepatitis B or C virus 

(HBV or HCV) infection in claims databases has been little explored. The 

performance of 15 algorithms was evaluated. Data from HBV- or HCV-infected 

patients enrolled between August 2012 and December 2015 in French hepatology 

centres (ANRS CO22 HEPATHER cohort) were individually linked to the French 

national health insurance system (SNDS). The SNDS covers 99% of the French 

population and contains health care reimbursement data. Performance metrics were 

calculated by comparing the viral status established by clinicians with those obtained 

with the algorithms identifying chronic HBV- and HCV-infected patients. A total of 

14 751 patients (29% with chronic HBV and 63% with chronic HCV infection) 

followed-up until December 2018 were selected. Despite good specificity, the 

algorithms relying on ICD-10 codes performed poorly. By contrast, the multi-criteria 

algorithms combining ICD-10 codes, antiviral dispensing, laboratory diagnostic tests 

(HBV DNA or HCV RNA detection and quantification, HCV genotyping), 

examinations for the assessment of liver fibrosis, and long-term disease registrations 

were the most effective (sensitivity 0.92, 95% CI, 0.91 to 0.93 and specificity 0.96, 

95% CI, 0.95 to 0.96 for identifying chronic HBV-infected patients; sensitivity 0.94, 

95% CI, 0.94 to 0.94 and specificity 0.85, 95% CI, 0.84 to 0.86 for identifying chronic 

HCV-infected patients). In conclusion, the multi-criteria algorithms perform well in 

identifying patients with chronic hepatitis B or C infection and can be used to 

estimate the magnitude of the public health burden associated with hepatitis B and C 

in France. 

Keywords: Sensitivity and Specificity; Routinely Collected Health Data; Validation 

Study; Hepatitis B; Hepatitis C. 
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Introduction 

An increasing number of epidemiological studies are being conducted using 

passively collected real-world data, such as insurance and claims databases.1 These 

databases are valuable tools for assessing disease prevalence, trajectory of care, 

health care consumption, and real-world clinical and economic outcomes.2 However, 

correctly identifying patients with specific diseases is a major challenge as these 

administrative health databases combine clinical and administrative data and were 

not originally designed for clinical observational studies. Furthermore, despite the 

existence of empirical algorithms to identify specific diseases in claims databases, 

the validity of these algorithms is often unknown due to the absence of patients with 

a known disease status.3  

The economic and clinical burden associated with chronic hepatitis B (CHB) or C 

(CHC) is significant.4,5 The correct estimation of the burden of disease and its 

reproducibility between studies are highly dependent on the accurate identification of 

patients.6,7 To date, several algorithms have been proposed to identify patients with 

chronic hepatitis B or C infection using claims databases.8,9 Most of the studies were 

not conducted in European countries and were limited to simple algorithms using 

mainly ICD codes (International Classification of Diseases codes).10–13 Other studies 

were limited to specific subgroups or small populations.14 In addition, several studies 

provided few indicators to assess the performance of the algorithms or did not 

provide confidence intervals to determine the uncertainty of the estimates.12,14 

Therefore, the performance of HBV and HCV algorithms and their validity should be 

thoroughly assessed to overcome the above-mentioned limitations. 

We aimed to evaluate the performance of several algorithms for identifying patients 

with chronic hepatitis B or C infection using the French health insurance databases 
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(SNDS)15 – all compared with the clinically established viral status of HBV- and HCV-

infected patients enrolled in a French prospective cohort. 
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Methods 

Participants and data sources 

Participants were recruited between 6 August 2012 and 31 December 2015 in 32 

French hepatology centres. To be enrolled in the HEPATHER cohort, HBV- or HCV-

infected patients should present at least one of the following inclusion criteria: 

chronic HBV-infected patients defined by a positive HBsAg for at least 6 months, 

chronic HCV-infected patients defined by the positivity for anti-HCV antibodies for at 

least 6 months and a positive HCV RNA, CHB with serological remission 

(undetectable HBsAg and HBV DNA) or cured hepatitis C (positive anti-HCV 

antibodies associated to an undetectable HCV RNA or negative viremia 3 months 

after the end of treatment), acute hepatitis B or C. Patients with ongoing hepatitis C 

treatment, pregnant women, HIV-infected, and minors were not included in the 

HEPATHER cohort. Furthermore, patients without data linkage with the SNDS, 

linkage errors, or uncertain viral hepatitis status were not eligible for this study. Study 

procedures have been previously described.16  

The French health insurance databases (Système National des Données de Santé–

SNDS) contain anonymised data on all health care reimbursements and cover 

approximately 99% of the French population.15 For example, medical procedures 

performed, laboratory tests (without results), dispensed medications, physician visits, 

and ICD-10 codes recorded at discharge from hospitalisation are recorded in the 

SNDS. Costly or long-term diseases (LTD) registrations are also available in the 

SNDS. 

Informed consent was obtained from each patient before the inclusion in the 

HEPATHER cohort and before the linkage with the SNDS. All individual data were 

anonymised. The HEPATHER protocol was carried out in accordance with the 
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Declaration of Helsinki and the French law on biomedical research and was 

approved by the appropriate research ethics committee (Comité de Protection des 

Personnes Ile de France 3), the French National Agency for Medicines and Health 

Products (ANSM), and the French Data Protection Authority (CNIL). 

Study design 

Patients from the prospective ANRS-CO22 HEPATHER cohort16 were individually 

linked to the SNDS.15 The linkage procedure used deterministic and probabilistic 

approaches. The deterministic linkage procedure, which is supposed to be error-free, 

was based on a unique patient identifier (numéro d’inscription au répertoire - NIR) 

and concerned 13 705 (93%) of analysed patients. The probabilistic approach 

identified the remaining patients in the SNDS using the following variables: date of 

birth, sex, place of residence, dates of medical visits, and geographic and legal 

identifiers of the corresponding health facilities.  

Reimbursement data in the SNDS were retrospectively analysed from 2012 to the 

end of 2018 to identify patients with chronic hepatitis B or C infection using several 

predefined algorithms. The results of the algorithms were compared to the viral 

hepatitis status defined at baseline in the HEPATHER cohort. Given the availability 

of SNDS data, patients were followed-up until 31 December 2018.  

Algorithms and reference viral hepatitis status 

Overall, 15 algorithms for identifying patients with chronic hepatitis B or C infection 

were selected and applied to the SNDS data from 2012 to 2018. Algorithms are 

described in detail in Table 1 and Table 2. They could include ICD-10 codes in 

hospital claims data, laboratory diagnostic tests, medical procedures, LTD 

registrations, and medications indicated for HBV- and HCV-infected patients 

(Supplementary Table S1). The algorithms were adapted to the SNDS data (e.g., 
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conversion of ICD-9 to ICD-10 codes) and originated from studies performed on 

claims databases, the national public health agency, or the authors themselves. The 

viral hepatitis status obtained with the algorithms was compared to the reference 

standard defined as the investigator-reported chronic viral hepatitis status at baseline 

in the HEPATHER cohort - this reference standard being confirmed by additional 

virological data (e.g., HBsAg for HBV-infected patients, HCV RNA for HCV-infected 

patients). Specifically, patients in the cohort diagnosed with CHC were used as a 

reference to assess the sensitivity of the CHC algorithms and the specificity of the 

algorithms for identifying chronic HBV-infected patients. Patients in the cohort 

diagnosed with chronic hepatitis B infection were used to estimate the sensitivity of 

the algorithms for identifying chronic HBV-infected patients and the specificity of the 

CHC algorithms. Similarly, patients with resolved or acute HBV or HCV infection 

were used as a reference to determine the specificity of the algorithms for detecting 

chronic HBV or HCV-infected patients. The performance of the algorithms developed 

for identifying CHC patients who received antivirals for HCV (algorithms shown in 

Supplementary Table S2) and patients with chronic hepatitis D among HBV-infected 

patients (algorithm shown in Supplementary Table S3) were also calculated. Patients 

in the cohort diagnosed with hepatitis B infection and HCV-infected patients not 

treated with antivirals for HCV were used to estimate the specificity of the algorithms 

identifying CHC patients who received antivirals for HCV. Similarly, patients in the 

cohort diagnosed with hepatitis C infection and patients with hepatitis B infection 

without chronic hepatitis D were used to estimate the specificity of the algorithm 

identifying patients with chronic hepatitis D among patients with chronic hepatitis B 

infection.  

Statistical methods  
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The sample size was determined by assuming an expected sensitivity and specificity 

of 0.90 and 0.95, respectively, and a minimum acceptable sensitivity and specificity 

of 0.88 and 0.93, respectively. To achieve 90% statistical power with nominal alpha 

set to 0.05, the required sample size was 3163 patients with chronic viral hepatitis (B 

or C) and 1826 individuals without the disease.17,18  

Patient characteristics at baseline and during follow-up were described according to 

the viral hepatitis status defined at enrolment. The performance of the algorithms 

was summarised using the following indicators: sensitivity, specificity, accuracy 

indicator, and Youden index derived from the sensitivity and specificity values.19 The 

overall accuracy of the algorithms was determined from the sensitivity and specificity 

values and the prevalence of chronic HCV and HBV infection in the French general 

population.20,21 For HBV-infected patients, the performance of algorithms for 

detecting HBeAg negative chronic infection and chronic hepatitis D patients were 

also reported. Confidence intervals for all indicators were reported using Clopper-

Pearson exact approximation.22 For all patients analysed, no indeterminate or 

missing values were present for algorithm results and viral hepatitis status. 

Sensitivity analyses were performed to estimate the algorithms’ accuracy when 

applied over a period limited to five years (from 2012 to 2016), and when analyses 

were limited to patients linked to the SNDS with the deterministic approach only. All 

statistical analyses were performed with R version 4.2.0 (Core Team, 2021).  
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Results 

Participants 

Between 6 August 2012 and 31 December 2015, 20 353 patients were recruited in 

the HEPATHER cohort and assessed for eligibility (Figure 1). Of these, 14 751 

eligible patients had individual data linkage with the SNDS and were analysed. The 

median age of the patients was 54.4 years (IQR 45.9-62.8), and 8643 (59 %) were 

male. Overall, 4311 (29%) and 9276 (63%) were chronic HBV-infected and HCV-

infected patients, respectively (Table 3). The remaining included 71 (0.5%) 

individuals with HBV and HCV coinfections, 1069 (7%) patients with resolved HBV or 

HCV infection at enrolment, and 24 (0.2%) patients with acute HBV or HCV infection. 

Of the 9276 CHC patients, 7950 (86%) initiated antivirals for HCV after inclusion. 

Among chronic HBV-infected patients, 1503 (35%) had HBeAg negative chronic 

infection. Additional clinical and demographic characteristics are reported in Table 3. 

Advanced fibrosis stage (F3-F4) was observed in 677 (16%) chronic HBV-infected 

patients and 4497 (48%) CHC patients. Among chronic HBV-infected individuals,162 

(4%) were infected with the hepatitis D virus.  

Algorithms for identifying patients with chronic hepatitis B infection 

The performance of six different algorithms for identifying patients with chronic 

hepatitis B infection is presented in Table 4. The three algorithms based solely on 

the occurrence of ICD-10 codes in hospital claims data (algorithms 1 to 3) had high 

specificity values (between 0.98; 95% CI, 0.98 to 0.99, and 1.00; 95% CI, 0.99 to 

1.00), although the sensitivity was low (between 0.15; 95% CI, 0.14 to 0.16, and 

0.37; 95% CI, 0.35 to 0.38). The algorithm 4 combining reimbursements for the 

detection and quantification of HBV DNA and the dispensing of specific medications 

for HBV-infected patients had similar specificity values (0.99; 95% CI, 0.99 to 1.00) 
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and higher sensitivity (0.46; 95% CI, 0.45 to 0.48). According to Youden’s index, the 

algorithm 6, which included several criteria such as ICD-10 codes recorded in 

hospital claims data and rehabilitation services, laboratory diagnostic tests, medical 

procedures performed, dispensed medications, and LTD registrations, performed 

best in identifying patients with chronic hepatitis B infection (sensitivity 0.92; 95% CI, 

0.91 to 0.93, specificity 0.96, 95% CI 0.95 to 0.96). Notably, this algorithm accurately 

detected 87% (95% CI, 86% to 89%) and 95% (95% CI, 94% to 96%) of HBeAg 

negative chronic infection and CHB patients, respectively (Supplementary Table S4). 

The performance of the algorithm identifying hepatitis D patients among chronic 

HBV-infected patients is presented in Supplementary Table S5. 

Algorithms for identifying CHC patients  

The algorithms 1 to 3 (Table 4), which included only ICD-10 codes with varying 

numbers of occurrences in the SNDS, had moderate sensitivity (between 0.26 CI 

95% 0.25 to 0.27, and 0.51 CI 95% 0.50 to 0.52) and high specificity (between 0.89, 

CI 95% 0.88 to 0.90, and 0.96 CI 95% 0.95 to 0.96). Compared to the first three 

algorithms, the more stringent algorithms (algorithms 5 and 6), requiring ICD-10 

codes in combination with the reimbursement of laboratory diagnostic tests (HCV 

RNA detection and quantification), had even lower sensitivity (between 0.10; 95% CI, 

0.10 to 0.11 and 0.15, CI 95% 0.14 to 0.16), despite a slight increase in specificity 

(between 0.98, 95% CI, 0.97 to 0.98, and 0.99; 95% CI, 0.98 to 0.99). Of all the 

algorithms identifying CHC patients, the multi-criteria algorithms (algorithms 7 and 8) 

performed best (sensitivity 0.94, 95% CI, 0.94 to 0.94, specificity 0.85, 95% CI, 0.84 

to 0.86) and were based on a combination of ICD-10 codes in hospital claims data, 

dispensing of medications for HCV infection, laboratory diagnostic tests for hepatitis 

C (HCV RNA detection and quantification), LTD registrations, and examinations for 
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the assessment of liver fibrosis. In an additional analysis, the best performing 

algorithm for detecting CHC patients treated with antivirals for HCV (Supplementary 

Table S2) had a sensitivity of 0.79, 95% CI, 0.78 to 0.80 and a specificity of 0.96, 

IC95% 0.96 to 0.97 (Supplementary Table S6).  

Sensitivity analyses 

In a sensitivity analysis limiting the period over which the algorithms were applied to 

five years, similar performance was found for all the above-mentioned algorithms 

(Supplementary Table S7). Similarly, after restricting the analyses to the patients 

linked to the SNDS with the deterministic approach only, we found consistent results 

with our main findings (Supplementary Table S8). 

  

 13652893, ja, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jvh.13788 by Inserm

 D
isc Ist, W

iley O
nline L

ibrary on [19/12/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



  

Discussion 

According to the analysis of 14 751 patients individually linked to the French health 

insurance databases, three main results were observed. First, the multi-criteria 

algorithms based on a combination of ICD-10 codes, medical procedures, laboratory 

tests, dispensed medications, and registrations for long-term diseases, accurately 

detected patients with chronic hepatitis B infection and CHC patients in the 

administrative claims database. Second, despite their high specificity, ICD-10 coding 

algorithms based on hospital discharge codes, had limited performance in identifying 

patients with chronic hepatitis B infection and CHC patients. Third, the algorithms 

were able to adequately identify specific subgroups, such as HBeAg negative 

chronic infection and CHC patients treated with antivirals for HCV. 

Algorithms based exclusively on the occurrence of ICD-10 codes had low sensitivity, 

despite reasonable specificity. Of these, algorithms requiring multiple occurrences of 

ICD-10 codes to identify patients with chronic hepatitis B infection and CHC patients 

had higher specificity values. This high specificity is reassuring, as it reveals the 

accuracy of the diagnostic codes recorded for hospital discharge in the SNDS. 

Several studies have already evaluated algorithms using ICD-9 and ICD-10 for 

identifying patients with chronic viral hepatitis.10–14 In agreement with our results, a 

recent study using Ontario administrative data found moderate sensitivity values 

(12.8% and 30.8% for HBV and HCV diagnostic codes, respectively), as well as high 

specificity, after testing the validity of HBV and HCV diagnostic codes.23 This study 

highlighted the need for algorithms that include criteria other than ICD-10 codes to 

better monitor the burden associated with patients with chronic hepatitis B or C 

infection. In another study conducted on electronic health records from four health 

care systems in the USA, higher sensitivity values were reported after testing 
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algorithms based on ICD-9 codes.13 The intrinsic characteristics of claims databases, 

which are country-specific, and discrepancies between ICD-9 and ICD-10 codes for 

defining patients with chronic hepatitis B or C infection,24 could explain these 

variations. In France, a large number of patients with chronic hepatitis B or C 

infection are not diagnosed during hospitalisation and are not reported in the SNDS 

via ICD-10 codes. In addition, because chronic hepatitis B or C infections are mostly 

asymptomatic, these infections may be missed by patients and clinicians during non-

liver-related hospitalisations. Furthermore, ICD-10 codes associated with higher 

reimbursement than those specific to hepatitis B and C diagnoses may have been 

preferred, resulting in false-negative results. Prevalence and burden estimates 

based on the algorithms relying only on ICD-10 codes must therefore be corrected in 

the absence of comprehensive laboratory results linked to administrative healthcare 

data, as is the case for the British Columbia Hepatitis Testers Cohort or the Veteran 

Affairs Corporate Data Warehouse. 

The performance of algorithms that include multiple criteria, such as laboratory 

diagnostic tests, medical procedures, and dispensed medications to identify patients 

with chronic hepatitis B or C infection, has never been validated, although they have 

been used to identify HBV- and HCV-infected patients from the SNDS. Several 

factors may explain the lack of studies validating multi-criteria algorithms in France, 

such as: 1) the absence of a reference standard;3 2) the recent access to 

administrative claims databases for academic researchers in France;25,26 3) the 

complexity of performing individual data linkage between external databases and 

claims databases;27 4) the technical expertise required for the analysis of 

administrative claims databases.28 In a recent study describing the cascade of care 
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of CHC patients,8 the authors highlighted the necessity to validate the algorithm they 

had developed using the SNDS, which was also included in our study.  

Compared to the algorithms based solely on ICD-10 codes to identify patients with 

chronic hepatitis B or C infection, several multi-criteria algorithms demonstrated 

improved sensitivity with no decrease in specificity. Interestingly, the addition of LTD 

registrations to ICD-10 codes had a limited impact on the sensitivity of algorithms 

identifying patients with chronic hepatitis B infection. This result may be related to 

the under-reporting of chronically HBV-infected patients without therapeutical 

indication to the French health insurance agency.29 A report from the French health 

insurance agency mentioned the potential beneficial impact of adding serum HBV 

DNA assays to the algorithms identifying HBV-infected patients.30 Our results 

confirmed this hypothesis, as the inclusion of this laboratory diagnostic test in 

algorithms increased sensitivity by more than 30% with no reduction in specificity.  

Approximately 20% of antivirals dispensed for CHC were not found in the SNDS. 

Several factors explain this result. Direct-acting antivirals (DAAs) were initially 

available only through the temporary authorisation for use (ATU) programme in 

France, and ATUs issued for a single named person were not systematically 

recorded in the SNDS.31 In addition, coding errors precluded the record of some 

DAAs during the early years of DAAs availability.32 Furthermore, some patients 

received DAAs before the universal access to DAAs in France or as part of clinical 

research protocols that could not be identified in the SNDS. As many DAAs are now 

also dispensed in pharmacies, they are now better recorded in the SNDS.33 It is 

therefore expected that the actual performance of the algorithms for identifying CHC 

patients treated with antivirals will be higher. 
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So far, estimates of the prevalence of patients with chronic hepatitis B or C infection 

in France have been based mainly on surveys of at-risk populations and LTD 

registrations.34–36 Consequently, the assessment of the public health burden 

associated with viral hepatitis based on these prevalence data might be misleading. 

In this study, the performance of the algorithms was assessed using a very large 

number of patients enrolled in several hepatology centres in France. As a result, very 

precise estimates and narrow confidence intervals were reported for all performance 

indicators. The use of validated algorithms with known performance for identifying 

patients with chronic hepatitis B or C infection should allow for adjustment of the 

burden estimates obtained from the analyses of claims databases. 

Our study has several limitations. First, the reference standard groups were 

composed of only HBV- and HCV-infected patients and were not representative of 

the general population. Nevertheless, as the clinical characteristics of HBV- and 

HCV-infected patients are very similar, our results can be considered conservative. 

The performance of our algorithms, and in particular the specificity, should therefore 

be higher if the algorithms were applied to the general population of the SNDS. 

Second, HBV- and HCV-infected patients without HIV infection were recruited in 

tertiary care facilities. Nevertheless, a possible spectrum bias would have a limited 

influence on the extrinsic validity and generalisability of our results given the 

representativeness of HBV- and HCV-infected patients included in our study. Finally, 

some algorithms could include country-specific criteria, which do not exist in other 

claims databases. Consequently, the validity of the algorithms should be further 

examined in other countries. 
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In conclusion, for the first time, our work explored the validity and performance of 

algorithms for identifying patients with chronic hepatitis B or C infection using real-

world data from the French administrative claims databases. The multi-criteria 

algorithms performed best and were based on a combination of ICD-10 codes, 

medical procedures, laboratory diagnostic tests, dispensed medications, and long-

term illness registrations. Estimates of the clinical and economic burden of hepatitis 

B and C should be interpreted considering the performance of algorithms for 

identifying patients with chronic hepatitis B or C infection.  
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Table 1. Algorithms for Identifying Patients With Chronic Hepatitis B Infection. 

 Algorithm description  Author (reference)† 
No. 1 ≥ 1 ICD-10 codes B180 or B181 in hospital claims data‡ Sheu et al.10  
No. 2 ≥ 2 ICD-10 codes B180 or B181 in hospital claims data‡ Niu et al.14  
No. 3 ≥ 2 ICD-10 codes B180 or B181 in hospital claims data‡ separated 

by ≥ 6 months 
Mahajan et al.13  

No. 4 Qualitative and quantitative tests for HBV DNA in serum (NABM 
code 4120) followed by the dispensing of entecavir or tenofovir 
based medications 

Kim et al.37 

No. 5 ≥ 1 criteria among: 
- LTD with ICD-10 codes B180 or B181 and/or 
- ICD-10 codes B180 or B181 in hospital claims data‡ 

and/or 
- ICD-10 codes B180 or B181 in follow-up care and 

rehabilitation services claims data§ 

New algorithm 

No. 6 ≥ 1 criteria among: 
- LTD with ICD-10 codes B180 or B181 
- ICD-10 codes B180 or B181 in hospital claims data‡ 

and/or 
- ICD-10 codes B180 or B181 in follow-up care and 

rehabilitation services claims data§ and/or 
- ≥ 3 claims for qualitative and quantitative tests for HBV 

DNA in serum (NABM code 4120) and/or 
-  ≥ 3 dispenses at different dates of medications indicated 

for chronic hepatitis B¶ 

New algorithm 

Abbreviation: ALT, Alanine Aminotransferase; AST, Aspartate Aminotransferase; 

DNA, deoxyribonucleic acid; GGT, gamma-glutamyl transferase; HBeAg, hepatitis B 

e antigen; HBV, hepatitis B virus; ICD-10, International Classification of Diseases, 

10th Revision; LTD, severe and costly long-term disease; NABM: nomenclature of 

medical biology acts; SNDS, French administrative health insurance database. 

† Reference with similar algorithm.  

‡ main, related or associated diagnosis (DP, DR, DA).  

§ For follow-up care and rehabilitation services (SSR), ICD-10 codes recorded as 

main disease manifestation [manifestation morbide principale (MMP)], etiological 

condition [affection étiologique (AE)] or associated diagnosis [diagnostic associé 

(DA)].  

¶ ATC, CIP and UCD codes provided in the supplementary material 
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Table 2. Algorithms for Identifying Chronic Hepatitis C patients. 

 Algorithm description Author (reference)† 

No. 1 ≥ 1 ICD-10 codes B182 in hospital claims data‡ Sheu et al.10  
No. 2 ≥ 2 ICD-10 codes B182 in hospital claims data‡ Niu et al.14 
No. 3 ≥ 2 ICD-10 codes B182 in hospital claims data‡ separated by ≥ 6 

months   
Abara et al.11 

No. 4 ≥ 2 laboratory diagnostic tests for HCV RNA detection and 
quantification (NABM 4124) separated by ≥ 6 months 

Abara et al.11 

No. 5 Laboratory diagnostic tests for HCV RNA detection and quantification 
(NABM 4124) followed by ≥ 2 ICD-10 codes B182† in hospital claims 
data separated by ≥ 60 days 

Isenhour et al.9 

No. 6 Laboratory diagnostic tests for HCV RNA detection and quantification 
(NABM 4124) followed by ≥ 3 ICD-10 codes B182† in hospital claims 
data 

Isenhour et al.9  

No. 7 ≥ 1 major criteria OR intermediate criterion AND ≥ 1 minor criteria 
Major criteria: 

- Determination of HCV genotype (NABM 4125) and/or 
- Dispensing of pegylated interferon and ribavirin (with same 

dispensed dates)§  and/or 
- Dispensing of direct acting antivirals for HCV§ and/or 
- ICD-10 codes B182¶ in hospital claims data and/or 
- LTD with ICD-10 code B182 and/or 
- ≥ 3 laboratory diagnostic tests for HCV RNA detection and 

quantification (NABM 4124) 
Intermediate criterion: 

- ≥ 2 laboratory diagnostic tests for HCV RNA detection and 
quantification (NABM 4124) 

Minor criteria: 
- Examinations for the assessment of liver fibrosis: biopsy, 

fibroscan, fibrotest or fibrometer (NABM 1000, 1001, 1002 or 
CCAM HLQM002, HLBH001, HLHH001, HLHH005,  
HLHJ003) and/or 

- LTD with ICD-10 code B182 and/or 
- ICD-10 codes B182 in hospital claims data as associated 

diagnosis 

Brouard et al.8 
 

No. 8 ≥ 1 criteria among: 
- New LTD registration with ICD-10 code B182 and/or 
- ICD-10 code B182 in hospital claims data¶ and/or 
- Dispensing of pegylated interferon and ribavirin (with same 

dispensed dates)§ and/or 
- Dispensing of direct acting antivirals for HCV§ and/or 
- Determination of HCV genotype (NABM 4125) and/or 
- ≥ 3 laboratory diagnostic tests for HCV RNA detection and 

quantification (NABM 4124) and/or 
- ≥ 2 laboratory diagnostic tests for HCV RNA detection and 

quantification (NABM 4124) and:  
o ≥ 1 examinations for the assessment of liver fibrosis:  

biopsy, fibroscan, fibrotest or fibrometer (NABM 
1000, 1001, 1002 or CCAM HLQM002, HLBH001,  
HLHH001, HLHH005, HLHJ003) and/or 

o active LTD with ICD-10 code B182 and/or 
o ICD-10 code B182 in hospital claims data‡ 

Santé Publique 
France38 

No. 9 All active long-term disease (LTD) with ICD-10 B182 in addition to 
algorithm 8 

New algorithm 
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Abbreviation: CCAM; French common classification of medical procedures; HCV, 

hepatitis C virus; ICD-10, International Classification of Diseases, 10th Revision; 

LTD, severe and costly long-term disease; NABM, nomenclature of medical biology 

acts; RNA, Ribonucleic acid; SNDS, French administrative health insurance 

database. 

† Reference with similar algorithm.  

‡ Main, related or associated diagnosis (DP, DR, DA).  

§ ATC, CIP and UCD codes provided in the supplementary material.  

¶ Main or related diagnosis (DP or DR).  
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Table 3. Characteristics of Patients Included in Analyses (n = 14 751)†. 

 Chronic HBV-
infected patients 
(n = 4311) 

Chronic HCV-
infected patients 
(n = 9276)  

Chronic 
HBV/HCV 
co-infection  
(n = 71) 

Acute or 
resolved 
HBV/HCV 
(n = 1093) 

  % n %  %  % 
Age, median 
(IQR), years  

44.2 (34.8, 
56.1) 

 56.3 (50.4, 
64.4) 

 56.8 (47.0, 
63.1) 

 58.0 (50.8, 
65.8) 

 

Sex (%)         
  Female 1578  37 4100  44 30  42 400  37 
  Male 2733  63 5176  56 41  58 693  63 
BMI (%), kg/m2         
  < 18.5  132/4269  3 303/9227  3 6/69 9 19/1083  2 
  ≥ 18.5 to < 
24.9 

2066/4269  48 4696/9227  51 38/69 55 464/1083 43 

  ≥ 25 to < 30  1449/4269  34 3015/9227  33 20/69 29 391/1083  36 
  ≥ 30 622/4269  15 1213/9227  13 5/69  7 209/1083  19 
Geographical 
origin (%) 

        

  France and 
Europe 

1485  34 7312  79 38  54 839  77 

  Asia 640  15 197  2 4  6 45  4 
  Africa 1789  42 1351  15 22  31 147  13 
  Other 387  9 416  5 7  10 62  6 
Fibrosis scoring 
(%) 

        

  F0, F1 or F2 2839/3516  81 4097/8594  48 26/61  43 397/872  46 
  F3 236/3516  7 1161/8594  14 11/61  18 93/872  11 
  F4 441/3516 13 3336/8594  39 24/61  39 382/872  44 
HBeAg negative 
chronic infection 

1503  35   29/41  41   

Hepatitis D 
infection 

162/4255  4 -  2  3 -  

Time since HCV 
diagnosis (IQR), 
years 

-  14.4 (7.1, 
19.9) 

 12.0 (5.6, 
19.9) 

 -  

Missing 
data 

-  232  4  -  

Treatment for 
HCV during 
follow-up‡ 

-  7950  86 61  86 -  

Treatment with 
DAAs during 
follow-up‡ 

-  7925  85 61  86 -  

Abbreviation: BMI, body mass index; CHC, chronic hepatitis C ; DAA, direct-acting 

antiviral; HBeAg, Hepatitis B e antigen; HBV, Hepatitis B virus; HCV, Hepatitis C 

virus; IQR, interquartile range. 

† Data are presented as median (25th percentile, 75th percentile [interquartile range]) 

and counts (%) for continuous and categorical variables, respectively. We provided 

denominators for categorical variables with missing data.  
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‡ Patient treated with DAAs for HCV or pegylated interferon and ribavirin between 

the inclusion date and the end of follow-up (December 2018). 
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Table 4. Performance of Algorithms Applied to the SNDS (n = 14 751)†. 

 Sensitivity 
(95% CI)‡ 

Specificity  
(95% CI) 

Accuracy§  
(95% CI) 

Youden index¶ 

(95% CI) 
Algorithms for identifying chronic HBV-infected patients 
No. 1 0.37 (0.35, 0.38) 0.98 (0.98, 0.98) 0.98 (0.98, 0.98) 0.35 (0.33, 0.37) 
No. 2 0.18 (0.17, 0.19) 0.99 (0.99, 1.00) 0.99 (0.99, 1.00) 0.18 (0.16, 0.19) 
No. 3 0.15 (0.14, 0.16) 1.00 (0.99, 1.00) 1.00 (0.99, 1.00) 0.15 (0.14, 0.16) 
No. 4 0.46 (0.45, 0.48) 0.99 (0.99, 1.00) 0.99 (0.99, 1.00) 0.46 (0.44, 0.48) 
No. 5 0.62 (0.60, 0.63) 0.99 (0.98, 0.99) 0.99 (0.98, 0.99) 0.59 (0.57, 0.61) 
No. 6 0.92 (0.91, 0.93)  0.96 (0.95, 0.96) 0.96 (0.95, 0.96) 0.88 (0.87, 0.89) 
Algorithms for identifying chronic HCV-infected patients 
No. 1 0.51 (0.50, 0.52) 0.89 (0.88, 0.90) 0.89 (0.88, 0.90) 0.40 (0.38, 0.42) 
No. 2 0.31 (0.30, 0.32) 0.94 (0.94, 0.95) 0.94 (0.94, 0.95) 0.25 (0.24, 0.27) 
No. 3 0.26 (0.25, 0.27) 0.96 (0.95, 0.96) 0.96 (0.95, 0.96) 0.22 (0.20, 0.23) 
No. 4 0.64 (0.63, 0.65) 0.91 (0.90, 0.91) 0.91 (0.90, 0.91) 0.55 (0.53, 0.57) 
No. 5 0.15 (0.14, 0.16) 0.98 (0.97, 0.98) 0.98 (0.97, 0.98) 0.13 (0.12, 0.14) 
No. 6 0.10 (0.10, 0.11) 0.99 (0.98, 0.99) 0.99 (0.98, 0.99) 0.09 (0.08, 0.10) 
No. 7 0.94 (0.94, 0.94) 0.85 (0.84, 0.86) 0.85 (0.84, 0.86) 0.79 (0.77, 0.80) 
No. 8 0.94 (0.94, 0.94) 0.85 (0.84, 0.86) 0.85 (0.84, 0.86) 0.79 (0.77, 0.80) 
No. 9 0.97 (0.96, 0.97) 0.80 (0.79, 0.81) 0.80 (0.79, 0.81) 0.77 (0.75, 0.78) 

Abbreviation: CI, confidence interval; SNDS, French administrative health insurance 

database 

† Algorithm applied to the SNDS data from 01/01/2012 to 12/31/2018.  

‡ All confidence intervals were computed with the Clopper-Person method.  

§ Accuracy refers to the proportion of correctly classified patients. Overall accuracy = 

(prevalence in the French general population)(sensitivity) + (1- prevalence in the 

French general population)(specificity). 

¶ The Youden Index (sensitivity + specificity - 1) summarises the performance of 

each algorithm. A Youden index equals to 1 indicates a perfect algorithm with no 

false positive or false negative patients. 
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Figure Legends: 

Figure 1. Flow Diagram of the Patients Included in the Study. 

Abbreviation: HBV, hepatitis B virus; HCV, hepatitis C virus; SNDS, French 

administrative health insurance database. 
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20 353 patients recruited in the HEPATHER cohort 

5599 excluded: 
1126 did not meet HEPATHER inclusion 
criteria 

662 included after 12/31/2015 
464 patients already treated with 
DAAs 

3994 lack of consent for data linkage with 
the SNDS 
317 linkage not successful 
95 discrepancies on the date of birth with 
the SNDS 
65 discrepancies on the gender with the 
SNDS 
2 errors in patient data source 

 

14 754 patients enrolled between August 2012 and December 2015 individually linked with 
the French Health Insurance Database (SNDS) and assessed for eligibility 

 

3 patients ineligible for the study 
3 uncertain HBV/HCV status   

 

14 751 HBV and HCV infected patients included in the analyses 

71 chronic HBV/HCV co-infection 
 

4311 chronic HBV-infected 
patients 

 

9276 chronic HCV-infected 
patients 

 
 24 with acute HBV 

or HCV only 
 

1069 with resolved HBV/HCV at 
inclusion 

 at inclusion 
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