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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.

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 Introduction An increasing number of epidemiological studies are being conducted using passively collected real-world data, such as insurance and claims databases. [START_REF] Pol | Impact of extending direct antiviral agents (DAA) availability in France: an observational cohort study (2015-2019) of data from French administrative healthcare databases (SNDS)[END_REF] These databases are valuable tools for assessing disease prevalence, trajectory of care, health care consumption, and real-world clinical and economic outcomes. [START_REF] Johnson | Values and pitfalls of the use of administrative databases for outcomes assessment[END_REF] 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. [START_REF] Koram | Validation studies of claims data in the Asia-Pacific region: A comprehensive review[END_REF] The economic and clinical burden associated with chronic hepatitis B (CHB) or C (CHC) is significant. [START_REF] Younossi | Extrahepatic Manifestations of Hepatitis C: A Meta-analysis of Prevalence, Quality of Life, and Economic Burden[END_REF][START_REF] Lavanchy | The global burden of hepatitis C[END_REF] The correct estimation of the burden of disease and its reproducibility between studies are highly dependent on the accurate identification of patients. [START_REF] Alwan | Surveillance is underestimating the burden of the COVID-19 pandemic[END_REF][START_REF] King | Underestimation of the global burden of schistosomiasis[END_REF] To date, several algorithms have been proposed to identify patients with chronic hepatitis B or C infection using claims databases. [START_REF] Brouard | French hepatitis C care cascade: substantial impact of direct-acting antivirals, but the road to elimination is still long[END_REF][START_REF] Isenhour | Monitoring the hepatitis C care cascade using administrative claims data[END_REF] 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). [START_REF] Sheu | Validity of ICD-10-CM Codes Used to Identify Patients with Chronic Hepatitis B and C Virus Infection in Administrative Claims Data from the Taiwan National Health Insurance Outpatient Claims Dataset[END_REF][START_REF] Abara | Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License Surveillance: The Utility and Limitations of Electronic Health Records[END_REF][START_REF] Kramer | The validity of viral hepatitis and chronic liver disease diagnoses in Veterans Affairs administrative databases: LIVER DISEASE CODES VALIDATION STUDY[END_REF][START_REF] Mahajan | Chronic Hepatitis Cohort Study (CHeCS) investigators*. Use of the International Classification of Diseases, 9th revision, coding in identifying chronic hepatitis B virus infection in health system data: implications for national surveillance[END_REF] Other studies were limited to specific subgroups or small populations. [START_REF] Niu | Coding algorithms for identifying patients with cirrhosis and hepatitis B or C virus using administrative data: CODING ALGORITHMS FOR HBV AND HCV CIRRHOSIS[END_REF] 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. [START_REF] Kramer | The validity of viral hepatitis and chronic liver disease diagnoses in Veterans Affairs administrative databases: LIVER DISEASE CODES VALIDATION STUDY[END_REF][START_REF] Niu | Coding algorithms for identifying patients with cirrhosis and hepatitis B or C virus using administrative data: CODING ALGORITHMS FOR HBV AND HCV CIRRHOSIS[END_REF] 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 

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 HCVinfected 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. [START_REF] Carrat | Clinical outcomes in patients with chronic hepatitis C after direct-acting antiviral treatment: a prospective cohort study[END_REF] 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. [START_REF] Tuppin | Value of a national administrative database to guide public decisions: From the système national d'information interrégimes de l'Assurance Maladie (SNIIRAM) to the système national des données de santé (SNDS) in France[END_REF] For example, medical procedures 

Study design

Patients from the prospective ANRS-CO22 HEPATHER cohort [START_REF] Carrat | Clinical outcomes in patients with chronic hepatitis C after direct-acting antiviral treatment: a prospective cohort study[END_REF] were individually linked to the SNDS. [START_REF] Tuppin | Value of a national administrative database to guide public decisions: From the système national d'information interrégimes de l'Assurance Maladie (SNIIRAM) to the système national des données de santé (SNDS) in France[END_REF] 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 andTable 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., 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. 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. [START_REF] Korevaar | Targeted test evaluation: a framework for designing diagnostic accuracy studies with clear study hypotheses[END_REF][START_REF] Pepe | The Statistical Evaluation of Medical Tests for Classification and Prediction[END_REF] 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. [START_REF] Youden | Index for rating diagnostic tests[END_REF] 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. [START_REF] Alberg | The use of "overall accuracy" to evaluate the validity of screening or diagnostic tests[END_REF][START_REF] Barometer Group | HCV and HBV prevalence based on home blood self-sampling and screening history in the general population in 2016: contribution to the new French screening strategy[END_REF] 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. [START_REF] Altman | Statistics with Confidence: Confidence Intervals and Statistical Guidelines[END_REF] For all patients analysed, no indeterminate or missing values were present for algorithm results and viral hepatitis status.

Statistical methods

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). 

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 HCVinfected 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) 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 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). 

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. [START_REF] Sheu | Validity of ICD-10-CM Codes Used to Identify Patients with Chronic Hepatitis B and C Virus Infection in Administrative Claims Data from the Taiwan National Health Insurance Outpatient Claims Dataset[END_REF][START_REF] Abara | Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License Surveillance: The Utility and Limitations of Electronic Health Records[END_REF][START_REF] Kramer | The validity of viral hepatitis and chronic liver disease diagnoses in Veterans Affairs administrative databases: LIVER DISEASE CODES VALIDATION STUDY[END_REF][START_REF] Mahajan | Chronic Hepatitis Cohort Study (CHeCS) investigators*. Use of the International Classification of Diseases, 9th revision, coding in identifying chronic hepatitis B virus infection in health system data: implications for national surveillance[END_REF][START_REF] Niu | Coding algorithms for identifying patients with cirrhosis and hepatitis B or C virus using administrative data: CODING ALGORITHMS FOR HBV AND HCV CIRRHOSIS[END_REF] 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. [START_REF] Yasseen | Validating viral hepatitis B and C diagnosis codes: a retrospective analysis using Ontario's health administrative data[END_REF] 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 algorithms based on ICD-9 codes. [START_REF] Mahajan | Chronic Hepatitis Cohort Study (CHeCS) investigators*. Use of the International Classification of Diseases, 9th revision, coding in identifying chronic hepatitis B virus infection in health system data: implications for national surveillance[END_REF] 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, [START_REF] Topaz | ICD-9 to ICD-10: evolution, revolution, and current debates in the United States[END_REF] 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 nonliver-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; [START_REF] Koram | Validation studies of claims data in the Asia-Pacific region: A comprehensive review[END_REF] 2) the recent access to administrative claims databases for academic researchers in France; [START_REF] Looten | Impact Analysis of the Policy for Access of Administrative Data in France: A Before-After Study[END_REF]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. [START_REF] Moore | National Health Insurance Claims Database in France (SNIRAM), Système Nationale des Données de Santé (SNDS) and Health Data Hub (HDH)[END_REF] In a recent study describing the cascade of care 13652893, ja, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/jvh.13788 by Inserm Disc Ist, Wiley Online Library on [19/12/2022]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License of CHC patients, [START_REF] Brouard | French hepatitis C care cascade: substantial impact of direct-acting antivirals, but the road to elimination is still long[END_REF] 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. [START_REF]Premiers états generaux de l'hépatite B[END_REF] 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. [START_REF] Quantin | Etude des algorithmes de definition de pathologies dans le Système National d'Information Interrégimes de l'Assurance Maladie (SNIIRAM)[END_REF] 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. [START_REF] Lelièvre | Autorisation temporaire d'utilisation nominative d'un médicament et obligations du médecin prescripteur[END_REF] In addition, coding errors precluded the record of some DAAs during the early years of DAAs availability. [START_REF] Dessauce | Les antiviraux à action directe (AAD) dans le traitement de l'hépatite C: retour sur 18 mois de prise en charge par l'Assurance Maladie[END_REF] 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. [START_REF] Pol | Is elimination of HCV realistic by 2030: France. Aghemo A[END_REF] It is therefore expected that the actual performance of the algorithms for identifying CHC patients treated with antivirals will be higher. 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. [START_REF] Weill-Barillet | Hepatitis C virus and HIV seroprevalences, sociodemographic characteristics, behaviors and access to syringes among drug users, a comparison of geographical areas in France, ANRS-Coquelicot 2011 survey[END_REF][START_REF] Cadet-Taïrou | Profils et pratiques des usagers des CAARUD en 2012. Tendances. 98[END_REF][START_REF] Richard | Méthode d'enquête du Baromètre santé[END_REF] 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. 

(

  SNDS)[START_REF] Tuppin | Value of a national administrative database to guide public decisions: From the système national d'information interrégimes de l'Assurance Maladie (SNIIRAM) to the système national des données de santé (SNDS) in France[END_REF] -all compared with the clinically established viral status of HBV-and HCVinfected patients enrolled in a French prospective cohort.

  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 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).

  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 realworld 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 longterm 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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 1 Figure 1. Flow Diagram of the Patients Included in the Study.
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and counts (%) for continuous and categorical variables, respectively. We provided denominators for categorical variables with missing data.