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A B S T R A C T

Introduction and Objectives: The emergence of SARS-CoV-2, which causes the coronavirus disease (COVID-19)
has caused a great impact on healthcare systems worldwide, including hepatitis B and C viruses screening
and elimination programs. The high number of COVID-19 hospitalizations represent a great opportunity to
screen patients for hepatitis B virus (HBV) and hepatitis C virus (HCV), which was the aim of this study.
Material and Methods: Cross-sectional, retrospective study performed between April 2020 and 20201 at a
referral center in Mexico dedicated to the care of adults with severe/critical COVID-19. We retrieved clinical,
demographic, and laboratory results from each patient�s medical records, including antibodies against HCV
(anti-HCV), HBV surface antigen (HBsAg), antibodies against the HBV core antigen (anti-HBcAg), and antibod-
ies against HBsAg (anti-HBsAg).
Results: Out of 3620 patients that were admitted to the hospital, 24 (0.66%), 4 (0.11%), and 72 (1.99%) tested
positive for anti-HCV, HBsAg, and anti-HBcAg, respectively. Of all seronegative patients, 954 (27%) had unde-
tectable anti-HBsAg and 401 (12%) had anti-HBsAg at protective levels. Blood transfusion was the most rele-
vant risk factor. Only 9.7% of the anti-HBc positive, 25% of the HBsAg positive, and 52% of the anti-HCV
positive were aware of their serological status.
Conclusions: In this study we found a prevalence of anti-HCV of 0.66%, HBsAg in 0.11%, and isolated anti-
HBcAg in 1.99%. We also found that HBV vaccination coverage has been suboptimal and needs to be rein-
forced. This study gave us a trustworthy insight of the actual seroprevalence in Mexico, which can help pro-
vide feedback to the Hepatitis National Elimination Plan.

© 2022 Published by Elsevier España, S.L.U. on behalf of Fundación Clínica Médica Sur, A.C. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction

Hepatitis B virus (HBV) and hepatitis C virus (HCV) infections are
still a very important public health threat, due to their high preva-
lence and morbimortality.

The epidemiology of the HBV varies according to the region. The
worldwide prevalence of the hepatitis B surface antigen (HBsAg) is
3.61%, with high-endemic zones such as Africa and the Western
Pacific harboring prevalence as high as 8.83% and 5.26%, respectively.
In 2010 there were 248 million HBsAg-positive individuals [1]. Mex-
ico is considered a low-stable endemic zone [2], with a HBsAg preva-
lence of 0.15-0.23 % [1,3]. The 2020 Mexican Annual Report of
Epidemiological Surveillance reported a declining incidence rate of
0.28% [4]. The prevalence of positive anticore antibodies (Anti-HBc)

http://crossmark.crossref.org/dialog/?doi=10.1016/j.aohep.2022.100684&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:mocmocte@hotmail.com
https://doi.org/10.1016/j.aohep.2022.100684
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.aohep.2022.100684
http://www.ScienceDirect.com
http://www.elsevier.es/annalsofhepatology


J. Jim�enez-Mendoza, F. Rivera-L�opez, M. Gonz�alez-Lara et al. Annals of Hepatology 27 (2022) 100684
in Mexico has been reported to be 3.3% [5], equivalent roughly to
3 million people [6].

On the other hand, there are more than 70 million people world-
wide infected by the HCV, the prevalence depends on the region [7],
being highest in zones such as Central Asia and Central Africa (e.g.
6.0%) [7]. Regarding Mexico, there is heterogeneity on the results of
HCV prevalence, which may reflect the differential distribution of
risk factors, but the most commonly reported is 1.4% [8]. In terms of
incidence there are 2108 new cases every year [4].

The outbreak of the severe acute respiratory syndrome coronavi-
rus 2 (SARS CoV-2), which causes the Coronavirus disease (COVID-
19), represents an opportunity for HBV/HCV screening due to the
high number of COVID-19 inpatients, which can help mitigate the
obstacles put by the lockdown. In Spain, this strategy has been done
to evaluate the results of an HBV/HVC screening program in COVID-
19 inpatients. A study of 4662 patients reported a seroprevalence of
antibodies against the HBV core antigen (anti-HBcAg) of 8.75%, HBV
surface antigen (HBsAg) of 0.38%, and antibodies against the HCV
(anti-HCV) in 0.83% [9]. Therefore, the aim of this study was to esti-
mate the seroprevalence of HBV, HCV, and of protective levels of anti-
bodies against HBsAg (anti-HBsAg) in patients were moderate or
severe COVID-19 admitted to our institution.
Material and Methods

Study design

This was a cross-sectional retrospective study performed at a
referral center in Mexico City dedicated to the care of adults with
severe and critical COVID-19. We included all consecutive subjects
with SARS-CoV-2 infection confirmed by real-time reverse transcrip-
tion-polymerase chain reaction (RT-PCR) that were admitted
between April 2020 and April 2021. The study protocol was reviewed
and approved by the Institutional Review Board (Ref. 3779) with a
waiver for informed consent because of its retrospective nature.
Data collection and hepatitis serology

We extracted clinical, demographic, and laboratory results from
the electronic medical record of each patient, we intentionally
retrieved information regarding risk factors for hepatitis infection.
Routine laboratory work-up for all patients with COVID-19 on admis-
sion at our institution includes anti-HCV, HBsAg, anti-HBsAg, anti-
HBcAg, and antibodies against HIV. Protective levels of anti-HBsAg
were defined as having ≥ 10 UI/L. Because the HBV vaccine was intro-
duced into the national immunization program of the newborn in
1999 in Mexico, we analyzed the frequency of protective anti-HBsAg
levels by age group.
Statistical analysis

Categorical variables were reported as frequencies and propor-
tions. Continuous variables were described using median and inter-
quartile range (IQR). Comparisons between groups (i.e., patients with
negative serologies, anti-HCV positive patients, HBsAg positive
patients, and anti-HBcAg positive-HBsAg negative patients) were
performed with Kruskal-Wallis and chi-squared tests. Mann-Whit-
ney test and chi-square were used for between-group comparisons, a
Bonferroni correction was conducted to adjust the level of signifi-
cance, considering a p-value ≤ 0.017, based on the number of
planned comparisons (i.e., control vs anti-HCV positive; control vs
HBsAg positive; control vs anti-HBcAg positive-HBsAg negative).
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Results

Out of 3620 patients that were admitted to the hospital due to
moderate or severe COVID-19, 24 (0.66%), 4 (0.11%), and 72 (1.99%)
tested positive for anti-HCV, HBsAg, and anti-HBcAg, respectively. In
addition, there were 32(%), 3 (%), and 19(%) indeterminate results for
anti-HCV, HBsAg, and anti-HBcAg, respectively. There were no HBV-
HCV co-infected patients. One patient had HCV-HIV coinfection, one
had HBV-HIV coinfection, and two anti-HBcAg positive-HBsAg nega-
tive patients had documented HIV infection Table 1. shows patients'
characteristics by serological status.

Anti-HCV Positive Patients

A total of 24 patients were positive for anti-HCV; 12 (50%) were
male. Compared to patients with negative serologies, patients with
anti-HCV were older [65 (IQR 56-72.5) vs 57 (IQR 47-67) years,
p=0.013], had lower platelet counts [168 (IQR 108-268) vs 233 (IQR
181-300) x109/L, p=0.002], lower albumin levels [3.3 (IQR 2.6-3.7) vs
3.6 (IQR 3.3-4.0) g/dl, p=0.006], and a higher AST/ALT ratio [1.5 (1.2-
2.2) vs 1.1 (0.8-5.0), p=001].

Thirteen 13 (52%) patients were aware of their HCV status; two
patients were currently undergoing treatment for HCV. The following
risk factors for HCV infection were identified: 8 patients (32%) had
been transfused, 7 of them before 1995, two patients (8%) had a tat-
too, and one patient (4%) was a regular user of cocaine.

HBV Positive Patients

There were only 4 patients that were positive for the HBsAg,
median age was 70.5 years (IQR 67.5-73), and 3 (75%) were male.
Only one patient was aware of the diagnosis and was under treat-
ment for HIV-HBV coinfection.

Patients that were anti-core positive-HBsAg negative were older
compared to patients with negative serologies [66 (IQR 58-73.5) vs
57 (IQR 47-67) years, p<0.001]; and 33 (52%) were male. Two
patients had isolated anti-HBcAg, with negative anti-HBsAg. Of anti-
HBcAg positive-HBsAg negative patients, 7 (9.7%) patients were
aware of their serological status. Regarding risk factors for HBV infec-
tion, 5 patients (6.9%) had been transfused in the past, 2 of them in
the year 2018, and the others in 1962, 1980, and 1981, and one
patient had a tattoo.

Of patients with negative serologies, 953 (27%) had undetectable
anti-HBsAg, and 401 (12%) had anti-HBsAg levels ≥10mIU/ml Table 2.
shows the frequency of protective levels of anti-HBsAg according to
the age group in patients with negative serologies. Protective levels
of anti-HBsAg were found in 14(40%) of patients that were under
23 years old. In the case of anti-HBcAg positive-HBsAg negative
patients, 44 (69%) had anti-HBsAg levels ≥10 mIU/ml.

Discussion

With the limited availability of specific antiviral therapy against
SARS CoV-2, immunosuppressors such as steroids and IL-6 pathway
inhibitors have been the pilar drugs against COVID-19, which are
considered to be of moderate risk for HBV reactivation [12, 13].
Hence, all inpatients with COVID-19 were tested for HCV and HBV on
admission at our institution, which represented a good opportunity
for screening. We found a prevalence of anti-HCV, HBsAg, and iso-
lated anti-HBcAg of 0.66%, 0.11%, and 1.99%, respectively. The 0.66%
HCV prevalence resembles that reported by Sedeno-Monge V et al.
[8] in blood donors and is lower than the 1.4% reported in the general
population [8], and most probably represents the fact that high-risk
groups such as drug users and prison inmates were underrepre-
sented in our sample. Nonetheless we do think it would be important
to screen all patients under the assumption that immunosuppressive



Table 1
Patients�characteristics by serological status

Group A Group B Group C Group D B vs A C vs A D vs A
Negative
serologies

Anti-HCV positive
patients

HBsAg positive
patients

Anti-HBcAg positive-HBsAg
negative patients

(n=3476) (n=24) (n=4) (n=68)

Age, years (IQR) 57 (47-67) 65 (56-72.5) 70.5 (67.5-73) 66 (58-73.5) <0.001 0.013 0.03 <0.001
Male, n (%) 2091 (60) 12 (50) 3 (75) 33 (52) 0.1
Positive HBsAg, n (%) 0 0 (0) 4 (100) 0 (0) <0.001
Positive anti-HCV 0 24 (100) 0 0 <0.001
Positive anti-HBcAg 0 4 (17) 4 (100) 68 (100) <0.001
Negative anti-HBsAg 953 (27) 10 (42) 0 (0) 2 (3) <0.001
Anti-HBsAg ≥10 mIU/ml 401 (12) 4 (17) 0 (0) 44 (69) <0.001
Platelets, x109/L (IQR) 233 (181-300) 168 (108-268) 162 (100-228) 227 (174-287) 0.007 0.002 0.09 0.4
Total lymphocytes, median/ul (IQR) 775 (515-1131) 675.8 (454-1060.6) 731.2 (450.4-931.5) 803 (528.6-1231.5) 0.7
Neutrophil-lymphocyte ratio 9.4 (4.9-17.4) 7.5 (4.4-18.0) 13.4 (9.1-15.8) 10.3 (4.8-16.5) 0.7
Creatinine, mg/dl (IQR) 0.9 (0.8-1.2) 1.0 (0.8-2.4) 1.1 (0.9-1.3) 1.0 (0.8-1.3) 0.1
Total bilirubin, mg/dl (IQR) 0.6 (0.5-0.9) 0.7 (0.4-1.4) 0.6 (0.4-0.9) 0.6 (0.5-0.9) 0.7
ALT, U/L (IQR) 32.2 (21-51.3) 23.5 (16.5-34.2) 21.6 (15.2-34.8) 24.8 (19.0-40.9) 0.006 0.01 0.1 0.045
AST, U/L (IQR) 36 (25-55) 38 (25-52) 37.1 (22.8-50.5) 33.5 (24.1-47) 0.7
Alkaline phosphatase, U/L (IQR) 86 (69-114) 87.5 (64.5-122.5) 69.5 (59-78.5) 84.5 (67-103.5) 0.3
Albumin, g/dl (IQR) 3.6 (3.3-4.0) 3.3 (2.6-3.7) 3.6 (3.4-4.2) 3.6 (3.4-3.9) 0.047 0.006 0.8 0.8
AST/ALT ratio 1.1 (0.8-1.5) 1.5 (1.2-2.2) 1.1 (1.0-3.0) 1.2 (0.9-1.5) O.004 0.001 0.6 0.09
INR, median (IQR) 1.1 (1.0-1.2) 1.1 (1.0-1.3) 1.0 (1.0-1.1) 1.2 (1.1-1.2) 0.1
US-CRP, mg/dl (IQR) 13.0 (5.5-20.5) 6.8 (2.4-14.4) 4.6 (1.8-11.1) 12.9 (4.7-20.5) 0.08
D-Dimer, ng/ml (IQR) 831.5 (500-1508) 2292 (923-9004.5) 1374 (517-2064.5) 838.5 (517-1377) 0.03 0.003 0.8 0.5
Ferritin, ng/ml (IQR) 510.6 (253-939) 358.3 (231.9-748.8) 627.2 (143.3-1635.8) 332.6 (143.9-699.5) 0.03 0.1 0.9 0.02
Lactate dehydrogenase, U/L (IQR) 326 (237.5-446) 322 (224-411.5) 284 (217-389.5) 314.5 (248.5-377.5) 0.7

Kruskal-Wallis and chi-squared tests. Mann-Whitney test and chi-square were used for between-group comparisons, a Bonferroni correction was conducted to adjust
the level of significance, considering a p-value ≤ 0.017.
ALT: Alanine aminotransferase; Anti-HBcAg: Antibodies against the hepatitis B virus core antigen; Anti-HBsAg: Antibodies against the hepatitis B virus surface antigen;
Anti-HCV: Antibodies against the hepatitis C virus; AST: Aspartate aminotransferase; HBsAg: Hepatitis B virus surface antigen; INR: International normalized ratio; IQR:
Interquartile range; US-CRP: Ultra-sensitive C reactive protein.

Table 2
Proportion of patients with protective levels of anti-HBsAg by age group

Age group n Anti-HBsAg ≥10 mIU/ml, n (%)

18-29 155 79 (51)
30-39 317 75 (24)
40-49 592 75 (13)
50-59 863 85 (10)
60-69 808 60 (7)
70-79 488 18 (4)
80-89 198 7 (4)
≥90 22 0 (0)

Anti-HBsAg: Antibodies against the surface antigen of the hepatitis B virus
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treatments in patients with active hepatitis may have adverse conse-
quences.

Our results may help provide feedback to the Hepatitis National
Elimination Plan, and we would like to underscore some key findings.
First of all, we need to work on simplifying the cascade of diagnosis
and treatment of HCV, as we have not been able to contact the major-
ity of patients that were positive for anti-HCV to perform a viral load
[10]. Secondly, screening strategies need to be individualized accord-
ing to local/national epidemiology, with some countries performing
universal screening, but the low prevalence of HCV found in our
study suggests Mexico should continue with a risk-based screening
strategy [11]. Thirdly, the low prevalence of protective levels of anti-
HBsAg are indicative of an ineffective HBV vaccination campaign.
Only 50% of the youngest patients of our study, who supposedly
already received HBV vaccination as newborns, were protected
against HBV. This rate is similar to that reported in the 2012 National
Health and Nutrition Survey (ENSANUT) [3], which was 40.8% in 20-
25-year-olds, and suggests patients are not being fully vaccinated,
either because of lack of health promotion or because of shortage of
3

doses. Finally, based on the lower platelet count in patients that were
positive for HCV or HBV it is most probable that some of these
patients already have compensated advanced chronic liver disease
which reflects a late diagnosis considering the natural history of
these diseases.

An alarming finding was the fact that only 9.7% of the anti-HBc
positive population, 25% of the HBsAg positive patients, and 52% of
the anti-HCV positive were aware of their serological status, making
it clear that more health promotion campaigns about HBV and HCV
infection are needed, with special emphasis in risk factors and
screening.

Regarding risk factors, we identified the usual ones, but it is worth
noting that essentially there were no drug users in our population,
most probably because of barriers in having access to the health sys-
tem and because it is more in the Northern part of the country where
HCV Is transmitted by this means.

Our study does have some limitations, being the most important
its retrospective design; prospective studies allow to interrogate for
specific risk factors of hepatitis transmission once the physician and/
or the patient is aware of a positive result. Also, there were indeter-
minate serologies and no follow-up was given at that time to those
patients to determine if they had an active infection. Likewise, we
were not able to determine if positive anti-HCV were viremic. Finally,
we did not collect information regarding the outcomes of these
patients from the COVID-19 perspective to assess if viral hepatitis can
modify their prognosis, as suggested by others [12].

In conclusion, the COVID-19 pandemic has harmed viral hepatitis
elimination strategic plans. However, the high number of hospital-
ized patients supposed an excellent opportunity to screen all inpa-
tients. In this study, we found a prevalence of anti-HCV of 0.66%, of
HBsAg of 0.11%, and of isolated anti-HBcAg of 1.99%, which are lower
than those previously reported. We also demonstrated that HBV
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vaccination coverage has been suboptimal and needs to be rein-
forced. Studies like ours may provide feedback to help tailor the strat-
egies of Mexico�s Hepatitis National Elimination Plan.

Authorship

Jimenez-Mendoza JC: conceptualization, data curation, methodology,
formal analysis, writing− original draft, writing− review and editing

Rivera-L�opez FE: data curation, writing − original draft, writing −
review and editing, translation.

Gonz�alez-Lara MF: data curation, proofreading, writing − review
and editing.

Valdez-Echeverría RD: conceptualization, data curation, method-
ology, proof reading

Castro-Narro GE: proofreading, writing − review and editing
Torre A: proofreading, writing − review and editing
Uscanga-Domínguez LF: proofreading, writing − review and

editing
Moctezuma-Velazquez C: conceptualization, data curation, meth-

odology, formal analysis, writing − original draft, writing − review
and editing

Conflicts of interest

None.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Appendices

References

[1] Schweitzer A, Horn J, Mikolajczyk RT, Krause G, Ott JJ. Estimations of worldwide
prevalence of chronic hepatitis B virus infection: a systematic review of data
4

published between 1965 and 2013. Lancet 2015;386(10003):1546–55. https://
doi.org/10.1016/S0140-6736(15)61412-X.

[2] Zampino R, Boemio A, Sagnelli C, Alessio L, Adinolfi LE, Sagnelli E, et al. Hepatitis B
virus burden in developing countries. World J Gastroenterol 2015;21(42):11941–
53. https://doi.org/10.3748/wjg.v21.i42.11941.

[3] Lopez-Gatell H, Garcia-Garcia L, Echaniz-Aviles G, Cruz-Hervert P, Olamendi-Por-
tugal M, Castaneda-Desales D, et al. Hepatitis B seroprevalence in 10-25-year-
olds in Mexico - the 2012 national health and nutrition survey (ENSANUT) results.
Hum Vaccin Immunother 2019;15(2):433–9. https://doi.org/10.1080/
21645515.2018.1533617.

[4] Secretaria de S. Informe Anual de Vigilancia Epidemiologica de Hepatitis Virales.
https://www.gob.mx/cms/uploads/attachment/file/615926/HepatitisViralesInfor-
meAnual2020.pdf. 2020. [accessed 8 November 2021].

[5] Valdespino JL, Conde-Gonzalez CG, Olaiz-Fern�andez G, Palma O, Sep�ulveda J.
Prevalencia en M�exico de la infecci�on y el estado de portador de la hepatitis B en
adultos. Salud P�ublica M�ex 2007;49(Suppl 3):s404–11 http://www.scielo.org.mx/
scielo.php?script=sci_arttext&pid=S0036-36342007000900012&lng=es.

[6] Roman S, Panduro A, Aguilar-Gutierrez Y, Maldonado M, Vazquez-Vandyck M,
Martinez-Lopez E, et al. A low steady HBsAg seroprevalence is associated with a
low incidence of HBV-related liver cirrhosis and hepatocellular carcinoma in
Mexico: a systematic review. Hepatol Int 2009;3(2):343–55. https://doi.org/
10.1007/s12072-008-9115-9.

[7] Petruzziello A, Marigliano S, Loquercio G, Cozzolino A, Cacciapuoti C. Global epi-
demiology of hepatitis C virus infection: An up-date of the distribution and circu-
lation of hepatitis C virus genotypes. World J Gastroenterol 2016;22(34):7824–
40. https://doi.org/10.3748/wjg.v22.i34.7824.

[8] Sedeno-Monge V, Laguna-Meraz S, Santos-Lopez G, Panduro A, Sosa-Jurado F,
Jose-Abrego A, et al. A comprehensive update of the status of hepatitis C virus
(HCV) infection in Mexico-A systematic review and meta-analysis (2008-2019).
Ann Hepatol 2021;20:100292. https://doi.org/10.1016/j.aohep.2020.100292.

[9] G�omez Camarero JBAE, Qui~nones Castro R, Saiz Chumillas RM, Alcoba Vega L, Díez
Ruiz S, G�omez Manero N, Vinuesa Campo R, Jorquera Plaza F. Hepatitis B and C
screening in hospitalized patients with SARS-CoV-2 infection. Gastroenterol Hep-
atol 2021;9. https://doi.org/10.1016/j.gastrohep.2021.09.002.

[10] Grebely J, Applegate TL, Cunningham P, Feld JJ. Hepatitis C point-of-care diagnos-
tics: in search of a single visit diagnosis. Expert Rev Mol Diagn 2017;17
(12):1109–15. https://doi.org/10.1080/14737159.2017.1400385.

[11] Hiebert L, Hecht R, Soe-Lin S, Mohamed R, Shabaruddin FH, Syed Mansor SM,
et al. A Stepwise Approach to a National Hepatitis C Screening Strategy in
Malaysia to Meet the WHO 2030 Targets: Proposed Strategy, Coverage, and
Costs. Value Health Reg Issues 2019;18:112–20. https://doi.org/10.1016/j.
vhri.2018.12.005.

[12] Marjot T, Moon AM, Cook JA, Abd-Elsalam S, Aloman C, Armstrong MJ, et al. Out-
comes following SARS-CoV-2 infection in patients with chronic liver disease: An
international registry study. J Hepatol 2021;74(3):567–77. https://doi.org/
10.1016/j.jhep.2020.09.024.

https://doi.org/10.1016/S0140-6736(15)61412-X
https://doi.org/10.1016/S0140-6736(15)61412-X
https://doi.org/10.3748/wjg.v21.i42.11941
https://doi.org/10.1080/21645515.2018.1533617
https://doi.org/10.1080/21645515.2018.1533617
https://www.gob.mx/cms/uploads/attachment/file/615926/HepatitisViralesInformeAnual2020.pdf
https://www.gob.mx/cms/uploads/attachment/file/615926/HepatitisViralesInformeAnual2020.pdf
http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S0036-36342007000900012&lng=es
http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S0036-36342007000900012&lng=es
https://doi.org/10.1007/s12072-008-9115-9
https://doi.org/10.1007/s12072-008-9115-9
https://doi.org/10.3748/wjg.v22.i34.7824
https://doi.org/10.1016/j.aohep.2020.100292
https://doi.org/10.1016/j.gastrohep.2021.09.002
https://doi.org/10.1080/14737159.2017.1400385
https://doi.org/10.1016/j.vhri.2018.12.005
https://doi.org/10.1016/j.vhri.2018.12.005
https://doi.org/10.1016/j.jhep.2020.09.024
https://doi.org/10.1016/j.jhep.2020.09.024

