@° PLOS | ONE

Check for
updates

G OPEN ACCESS

Citation: Carimo AA, Gudo ES, Maueia C, Mabunda
N, Chambal L, Vubil A, et al. (2018) First report of
occult hepatitis B infection among ART naive HIV
seropositive individuals in Maputo, Mozambique.
PLoS ONE 13(1): €0190775. https://doi.org/
10.1371/journal.pone.0190775

Editor: Pierre Roques, CEA, FRANCE
Received: July 17,2017

Accepted: December 20, 2017
Published: January 10, 2018

Copyright: © 2018 Carimo et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the paper and its Supporting Information
files.

Funding: This work was supported by Ministry of
Health of Mozambique, which participated in study
design, data collection and analysis, and the
decision to publish and the preparation of the
manuscript. The funds were received by NB and
ESG. Associagao para Investigagéo e
Desenvolvimento da Faculdade de Medicina,
Lisbon, Portugal who had no role in study design,
data collection and analysis, decision to publish, or

RESEARCH ARTICLE

First report of occult hepatitis B infection
among ART naive HIV seropositive individuals
in Maputo, Mozambique

Awa Abdul Carimo'*, Eduardo Samo Gudo?, Cremildo Maueia?, Nédio Mabunda?,
Liicia Chambal', Adolfo Vubil?, Ana Flora?, Francisco Antunes®, Nilesh Bhatt?

1 Internal Medicine Department, Maputo Central Hospital, Maputo, Mozambique, 2 Instituto Nacional de
Saude, Ministry of Health, Maputo, Mozambique, 3 Instituto de Saude Ambiental (ISAMB), Faculty of
Medicine University of Lisbon, Lisbon, Portugal

* awacarimo83 @ gmail.com

Abstract

Background

The prevalence of hepatitis B virus (HBV) infection and human immunodeficiency virus
(HIV) infection in Mozambique is one of the highest in the world, though in spite of this the
prevalence of occult hepatitis B infection (OBI) is unknown.

Objectives

This study was conducted with the aim to investigate the prevalence of OBl and frequency
of isolated hepatitis B core antibody (anti-HBc alone) among antiretroviral (ART) naive HIV-
positive patients in Mozambique.

Methods

A cross-sectional study was conducted in two health facilities within Maputo city. All ART-
naive HIV seropositive patients attending outpatient clinics between June and October 2012
were consecutively enrolled. Blood samples were drawn from each participant and used for
serological measurement of HBV surface antigen (HBsAg), antibodies against HBV surface
antigen (anti-HBs) and antibodies against core antigen (anti-HBc) using ELISA. Quantifica-
tion of HBV DNA was performed by real time PCR. A questionnaire was used to obtain
demographics and clinical data.

Results

Of the 518 ART-naive HIV-positive subjects enrolled in the study, 90.9% (471/518) were
HBsAg negative. Among HBsAg negative, 45.2% (213/471) had isolated anti-HBc antibod-
ies, and the frequency of OBl among patients with anti-HBc alone was 8.3% (17/206). OBl
was not correlated either with CD4* T cells count or transaminases levels. A total of 11.8%
of patients with OBI presented elevated HBV DNA level. Frequency of individuals with APRI
score > 2 and FIB-4 score > 3.25 was higher in patients with OBl as compared not exposed,
immune and anti-HBc alone patients.
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Conclusion

Our data demonstrate for the first time that OBl is prevalent among HIV patients in Mozam-
bique, and will be missed using the commonly available serological assays that measures
HBsAg.

Introduction

Occult hepatitis B virus (HBV) infection (OBI) is defined as persistence of HBV DNA in the
liver (with or without HBV DNA in serum) in the absence of detectable HBV surface antigen
(HBsAg) [1]. In these patients, serum HBV DNA level is usually very low, mostly below 10*
IU/mL. The clinical implications of OBI are not fully understood, but include: i) risk of HBV
transmission through blood transfusion, hemodialysis, organ and bone marrow transplanta-
tion, and perinatal route due to the hidden status of HBV infection; ii) hepatitis B virus reacti-
vation (HBVTr) after immunosuppression; iii) risk of progression to chronic liver disease
(CLD); iiii) risk of development of hepatocellular carcinoma (HCC) [1].

The underlying mechanism leading to the absence of HBsAg in presence of HBV is not
completely understood. However, several mechanisms such as: 1./ presence of a strong
humoral and cellular immune response against HBV envelope proteins, leading to a low level
of HBV replication and low level of HBsAg expression; 2./ escape mutations in the S gene lead-
ing to lack of detection of the virus using HBsAg assays; 3./ infection with a mutant virus with
defective replication; 4./ formation of HBsAg/anti-HBs immunocomplexes which prevent
detection of HBsAg. and 5./ integration of HBV genome into the host chromosomes, infecting
peripheral mononuclear cells (monocytes and lymphocytes) that works as reservoirs. Finally,
the coinfections with other viruses such as hepatitis C virus (HCV) and human immunodefi-
ciency virus (HIV), or administration of drugs, including antiretrovirals, can also interfere
with the HBV replication and its pathogenic features[1-4]. OBI reactivation sometimes occurs
during an immunosuppression status (i.e., hematologic malignancies, chemo- or immunother-
apies, hematopoietic stem cell transplantation, or HIV infection).

Several studies have shown that the frequency of OBI is higher in HIV infected as compared
to HIV negative individuals, ranging between 0% and 89.5% [5-7]. The clinical impact of OBI
in HIV-infected subjects is still controversial [8], but several authors suggests that the risk of
hepatic flares, hepatic failure and liver cirrhosis or hepatic carcinoma is higher among these
patients [1, 7-10]. Current World Health Organization (WHO) guidelines recommends that
all HIV infected patients should be routinely screened for HBV and antiretroviral treatment
(ART) should be initiated immediately to those co-infected with HBV, irrespective of their
CDA4" T cells count [11]. Detection of serum HBV DNA using highly specific and sensitive
nucleic acid amplification test (NAAT) is the recommended method for detection of HBV
infection in clinical practice [12]. However, HBV NAAT is not available in limited resource
settings, including sub-Saharan Africa, where detection of HBsAg is the most commonly used
and available method for HBV screening. In this context, most HIV infected patients with OBI
will remain undetected, which will severely compromise their care [13]. The presence of anti-
HBc alone (defined as presence of anti-HBc antibodies in absence of other serological marker
of HBV) is considered a less than ideal predictor of OBI [1] and in places where availability of
molecular tests is very limited, anti-HBc has been used to prioritize samples that could be fur-
ther tested by PCR [1, 13]. However, accuracy of anti-HBc alone to identify OBI had been a
matter of debate as false anti-HBc positivity and negativity in the detection of OBI has been
previously reported [14] and described in the Taormina statement as well [1].
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In Mozambique, which has the eighth highest HIV prevalence in the world [15], the most
recent HIV survey showed that the epidemics is getting even worse [16]. Few studies have
been conducted to determine the prevalence of HBV in Mozambique, and they have been con-
ducted in specific groups such as refugees [17], blood donors [18-20], HIV infected individu-
als [21, 22] or high risk groups [23] and showed that the rate varied between 7% and 13%. OBI
has received new attention as a serious public health problem. However, no study has yet been
conducted in Mozambique to investigate the epidemiology and clinical implication of OBI.
Lack of data on OBI represents a major challenge to the implementation of interventions to
prevent complications of co-infection. This study was conducted with the aim to investigate
the frequency and clinical and laboratory characteristics of OBI in ART naive HIV infected
patients in Maputo city. This study uses the same cohort of patients of our recently published
manuscript on the frequency and characteristics of HBV/HIV co-infection in Maputo [22].

Material and methods
Setting and population

A cross-sectional study was carried out between June and October 2012 in two public health
centers from Maputo city, Mozambique. During the study period, all ART-naive HIV positive
patients attending their routine follow up visits were consecutively invited to participate in this
study. All participants were informed of the study and consented prior to enrollment. Inclu-
sion criteria included age more than 18 years old and no prior history of ART. All pregnant
women were excluded. All participants were assigned a unique study identification code with
subsequent data collected and analyzed. The study was approved by the National Bioethics
Committee in Mozambique (Ref#: 82/CNBS/12). All investigation had been conducted
according to the principles expressed in Declaration of Helsinki. Oral and written informed
consents were obtained from all patients or their legal guardians.

Sample collection and testing

From each participant, a total of 10 ml of whole blood was collected into 5 ml of Vacuum tube
with K3EDTA and 5 mL of serum separation Vacuum tube (both from BD Vacutainer, USA). Full
blood counting was performed using an automated hematology analyzer (Sysmex KX21N: Sysmex
Corporation, Japan). Serum transaminases were measured using a clinical chemistry analyzer
(ABX pentra 400: Horiba ABX SAS, France). CD4+ T cells count was measured by flow cytometer
using a lyse-no wash protocol with MultiTest reagents and FACSCalibur flow cytometer (all from
Becton Dickinson, CA, USA). Testing for Hepatitis B was performed following the algorithm
depicted in Fig 1. All patients were screened for HBsAg using a immunochromatographic rapid
test with a sensitivity and specificity of 95.16% and 99.95% (Determine, Allere, Japan) and those
with negative HbsAg result were subsequently tested for anti-HBs and anti-HBc antibodies using
commercially available Enzyme Linked Immunoabsorbent Assay (ELISA) (Diasorin S.p.A., Sallu-
gia, Italy). Due to limitation of resources, HBV DNA was prioritized and measured in all patients
who were HBsAg negative, anti-HBs negative and anti-HBc positive (anti-HBc alone), using the
AmpliPrep/cobas TagMan HBV test, v2.0 (Roche Diagnostics, Germany) with a limit of detection
of 20 IU/mL. In this context, OBI was defined as presence of HBV DNA in patients with serologi-
cal profile of anti-HBc alone (HBsAg negative, anti-HBs negative and anti-HBc positive).

Questionnaire

A questionnaire was used to collect socio-demographic characteristics, and clinical history
from each participant (See S1 File).
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Fig 1. Flowchart of recruitment and testing of study participants. anti-HBc- — antibody against HBV core antigen.
anti-HBs- — antibody against HBV surface antigen. DNA-desoxirribonucleic acid. HBsAg- HBV surface antigen.
HBV-hepatitis B virus. HIV-human immunodeficiency virus. OBI- occult hepatitis B virus infection.

https://doi.org/10.1371/journal.pone.0190775.9001

Statistical analysis

Data was double entered in a database developed using Microsoft Access 2007. Analysis was
performed using the statistics package STATA 12.0 (StataCorp, College Station, TX, USA). For
our analysis, HBsAg negative patients were stratified into four groups according to a combina-
tion of HBV serological and molecular markers: i) Group A-anti-HBs negative and anti-HBc
negative (not exposed); ii) Group B-anti-HBs positive and anti-HBc positive (exposed and
immune); iii) Group C-anti-HBs negative, anti-HBc positive and HBV DNA < 20 UI/mL
(anti-HBc alone with HBV DNA < 20 UI/mL), and iv) Group D-anti-HBs negative, anti-HBc
positive and viral load >20UI/mL (occult hepatitis B).

We calculated the scores of FIB-4 (Fibrosis 4 index) and APRI (AST-Platelet Ratio Index)
to predict significant fibrosis and cirrhosis. These non-invasive serum biomarkers were calcu-
lated using the formula described previously [24]. As per WHO guidelines, an APRI
score > 2.0 indicates significant liver fibrosis and cirrhosis, while a FIB-4 score > 3.25 indi-
cates significant cirrhosis [11].

For univariate analysis, the Mann-Whitney U test was used to compare numerical variables
and Pearson’s chi-square test was used to compare categorical variables.

Results

The study population consisted of 518 HIV-infected patients with a median age of 33 years
old, 67.0% were female, and the median CD4" T cells count was 362 cells/mm’. Among them,
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Table 1. Demographic, clinical and laboratorial characteristic in HIV patients with HBsAg negative.

Characteristic

Total, n (%)
Female (%)

Median age, years (IQR)
WHO clinical stage (%)

Stage |
Stage II
Stage II1
Stage IV

ALT (IU/L) (IQR)

APRI
<=20
>2.0
FIB-4

< =325
>3.25

Leucocyte count (10® cells/mm°)

(IQR)

Lymphocyte count (10” cells/mm?)

(IQR)

CD4'T cell count (cells/mm3)

(IQR)

Group A Group B Group C Group D p-value
Seronegative- Seropositive- anti-HBc"alone OBI

anti-HBs /anti- anti-HBs"/anti- anti-HBs /anti-HBc"/(DNA <20 anti-HBs /anti-HBc*/(DNA>20

HBc™ HBc" 1U/mL) 1U/mL)

123 (26.1) 102 (21.7) 189 (40.1) 17 (8.3)

79 (64.8) 63 (62.4) 128 (68.1) 13 (76.5) 0.567
32 (27-41) 35 (29-42) 35 (28-43) 31 (27-39) 0.428
55 (45.5) 37 (37.4) 93 (50.3) 5(31.3) 0.535
34 (28.1) 33 (33.3) 55 (29.7) 6 (37.5)

30 (24.8) 29 (29.3) 36 (19.5) 5(31.3)

2(1.7) 0 (0.0) 1(0.6) 0(0.0)

21,8 (16.5-30.7) 21,4 (14.6-30.1) 21,7 (16.6-30.9) 24,7 (16.6-49.7) 0.493
121 (98.4) 99 (98.0) 187 (98.9) 14 (87.5) 0.017
2 (1.6) 2(2.0) 2(1.1) 2 (12.5)

120 (98.4) 98 (98.0) 187 (99.5) 15 (93.7) 0.309
2 (1.6) 2(2.0) 1(0.5) 1(6.3)

4,7 (3.8-5.7) 4,5 (3.7-5.5) 4,8 (3.8-5.8) 4,3 (3.7-5.3) 0.581
2(2-2) 2(1-2) 2(1-2) 2(1-2) 0.190
391 (211-538) 322 (204-477) 355 (202-517) 334 (86-543) 0.457

ALT-alanine aminotransferase; anti-HBc - antibody against HBV core antigen; anti-HBs — antibody against HBV surface antigen; CD4" T-lymphocyte T with CD4*

phenotype; DNA-desoxirribonucleic acid; HBsAg-HBV surface antigen; HBV-hepatitis B virus; HIV-human immunodeficiency virus; IQR-interquartile range; IU/L-
International Units per litre; OBI-occult hepatitis B virus infection; WHO-World Health Organization

https://doi.org/10.1371/journal.pone.0190775.t001

47 (9.1%) were HBsAg positive, and 471 (90.9%) were HBsAg negative. Among the HBsAg
negative, 26.1% (123/471) were anti-HBs and anti-HBc negative (Group A-not exposed),
21.7% (102/471) were anti-HBs and anti-HBc positive (Group B-exposed and immune),
45.2% (213/471) were anti-HBs negative and anti-HBc positive (anti-HBc alone) and 7.0% (33/
471) were anti-HBs positive and anti-HBc negative (vaccinated). The last group was excluded
from our analysis. (See Fig 1).

Demographic, clinical and laboratorial characteristic of the study groups are presented in
the Table 1. We noted that there was a female dominance in all study groups, and the median
age was similar among all groups. Clinical signs of liver disease (jaundice, ascites, splenomeg-
aly and hepatomegaly) were not observed in any groups (See S2 File). We noted that the strati-
fication by WHO clinical stage was similar for all groups. All groups were also similar in terms
of laboratory findings, such as total leukocytes, total lymphocytes and CD4" T cells counts.

HBV DNA quantification was performed in a total of 206 anti-HBc alone patients (seven
samples were excluded due to poor quality), of which 17 were HBV DNA positive, yielding a
prevalence of 8.3% (Group D-OBI). The remaining 189 (40.1%) had an undetectable serum
level of HBV DNA (anti-HBc alone with HBV DNA < 20 UI/mL) (Fig 1). In patients with
OBI, 64.7% (11/17), 23.5% (4/17) and 11.8% (2/17) had a viral load of 20-100 IU/mL, 101-
1000 IU/mL and > 1000 IU/mL, respectively (Table 2).
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Table 2. Serum viral load (DNA of HBV) in 17 HIV patients, with occult hepatitis B infection.

HBYV viral load (UI/mL) Number of samples %

20-100 11 64,7
101-1.000 4 23,5
>1.000 2 11,8

DNA-desoxirribonucleic acid; HBV-hepatitis B virus; HIV-human immunodeficiency virus; IU/mL-International
Units per milliliter; Compared to other groups, patients with OBI presented a higher frequency of APRI score >2
(12.5% in OBI versus 1.6% in not-exposed, 2.0% in immune and 1.1% in anti-HBc alone, p-value = 0.017) and FIB-4
score > 3.25 (6.3% in OBI versus 1.6% in not-exposed, 2.0% in immune and 0.5% in anti-HBc alone, p-

value = 0.309).

https://doi.org/10.1371/journal.pone.0190775.t1002

Discussion

In this study we used the same cohort of HIV infected patients of our recently published man-
uscript on HIV/HBV co-infection [22] to further investigate occurrence of OBI, and we found
a prevalence of OBI of 8.3% in anti-HBc alone HIV infected patients, which was similar to that
reported in other studies, but higher and lower frequencies had also been described elsewhere
[25-31]. The differences in the prevalence of OBI in different studies might be attributed to: i)
differences in the epidemiology of both viruses, ii) differences in limit detection of different
PCR assays, iii) differences in the study design and iv) differences in the definition criteria of
OBI in different studies [9, 31]. We acknowledge that our criteria of OBI may have led to
under or over estimation of OBI, because current OBI definition criteria recommend serial
testing per patient and use of PCR assays targeting two different HBV genomic places. How-
ever, due to a lack of resources, in this study only patients with anti-HBc alone patients were
tested and we used a PCR assay targeting only one place of HBsAg gene which was tested in
only one sample per patient. This algorithm could have missed some cases and we acknowl-
edge this as a limitation of our study.

To our knowledge this represents the first report of OBI in Mozambique and demonstrates
that OBI is prevalent among HIV/HBV co-infected Mozambicans, suggesting that presence of
HBYV infection among HIV infected individuals will not be identified in a significant number
of co-infected patients when screened using the routinely used serological tests based on mea-
surement of HBsAg. Of note, if we add the number of patients with OBI (n = 17) reported in
this study with those already known to be HBV positive, based on measurement of HBsAg
who were reported in our previous publication using this cohort of patients (n = 47) [22], we
conclude that the more accurate number of HBV infected patients in this group of patients is
64, corresponding to a prevalence of HBV of 12.4% (64/518) and not 9.1% (47/518) as reported
in our recent publication. In summary, use of HBV DNA increased the prevalence of HBV in
3.3%.

The clinical impact of OBI among HIV-infected patients is still unclear, but hepatic flares
and even fatal reactivation of HBV infection following severe immunodeficiency and/or lami-
vudine withdrawal have been described in HIV co-infected patients [7, 32, 33]. Concern for
potential negative impact of persistent OBI among HIV infected patients in Mozambique has
received new attention given the high prevalence of HBV and HIV [16]. Indeed the prevalence
of HIV in Mozambique increased from 11.5% in 2009 to 13.2% in 2015 and represents one of
the worst epidemics in the world [16].

The frequency of anti-HBc alone found in this study was 45.2% (213/471), similar to that
reported among blood donors in Mozambique [20]. However only 8.3% of these patients had
OBI, showing a weak value of this serological marker to predict OBI. However, if we consider
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that more than 1.5 million of people are infected by HIV in Mozambique, it is unlikely that
molecular testing could be offered routinely for such a large number of HIV infected patients
and the use of anti-HBc alone in the absence of molecular testing may overestimate the preva-
lence of HBV (given that 45% had anti-HBc but only 8% had detectable DNA).

CDA4" T cells count was similar in all study groups, which corroborates finding from previ-
ous studies that showed no association between CD4" T cells count and OBI in HIV patients
[34].

Our data shows that most HIV infected patients with OBI had a low viremia, which was not
surprising as low viremia is a hallmark of OBI [3] and similar findings were reported in other
countries [5, 9, 26, 34]. In OBI, viremia is considered low due to different factors including a
viral suppression resulting from strong host response occurring during acute or chronic infec-
tion [35]. Notably, 11.8% of patients with OBI had HBV DNA levels, > 1,000 copies/mL, rep-
resenting a group of patients at higher risk of deterioration of liver disease as previously shown
[36]. As in other studies, there was no evidence of high alanine aminotransferase (ALT) levels
in patients with OBI [26, 37]. Of note, frequency of patients with significant fibrosis according
to measurement of APRI and FIB-4 scores was higher in patients with OBI, however, due to
the transversal design of our study we are unable to conclude that HIV infected patients with
OBI are at high risk of progressing to liver disease. Current data on the impact of OBI in liver
disease in HIV infected are inconclusive [1] with some showing higher risk of hepatic flares [7]
and other showing no impact [25, 34]. This highlight that longitudinal studies are urgently
needed to address this issue. However, administration of ART regimens containing TDF plus
3TC or FTC in immunosuppressed patients with OBI is considered the most effective inter-
vention for long term prevention of liver inflammation [9]. Mozambique has endorsed the
WHO recommendation for immediate initiation of ART in patients co-infected with HIV and
HBV, and discussion for the routine testing of HBsAg in all HIV infected patients are ongoing.
However, we anticipate that a significant number of HIV patients who have OBI will not be
identified using the routinely available serological assays for detection of HBV in limited
resource settings, which is the HBsAg marker. Consequently, these patients may be falsely clas-
sified as negative using HBsAg detection alone and subsequently at risk for unresolved HBV
infection and liver inflammation [5, 9, 26, 27]. Moreover, it is less likely that molecular screen-
ing of HBV will be routinely available in many developing countries in the near future, includ-
ing in Mozambique.

Most of participants in this study were female, which is not surprising as is well known that
women attend more frequently health facilities as compared to men.

We would like to acknowledge additional limitations of our study. First, we acknowledge a
lack of severely immunosuppressed HIV patients in our sample, which did not allow us to
understand the profile of OBI in these patients and the transversal design of our study limited
our ability to determine the impact of OBI in the progression to liver disease. Second, we
acknowledge that the limit of detection of our assay did not allow us to detect presence of virus
with viral load below 20 UI/ml. Lastly, sequencing and genotyping of HBV from patients with
OBI was not performed due to a lack of resources, for this reason we are not able to ascertain if
there are genetic difference in the genome of the virus from infected patients with and without
OBI.

Conclusion

Our study demonstrated that OBI is prevalent among HIV infected patients in Mozambique,
suggesting that a significant number of HIV infected patients who are co-infected with HBV
will not be identified using commonly used serological assays. This potentially could be a
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reason for missing an opportunity for immediate initiation of ART. The presence of HBV
DNA level in 11.8% and higher frequencies of significant fibrosis and cirrhosis in patients with
OBI, suggests that these patients are at higher risk of progression to liver disease. In conclu-
sion, our data shows that urgent interventions are needed to address this problem in settings
such as Mozambique.

Supporting information

S1 File. Questionnaire.
(DOCX)

S2 File. Clinical signs of liver disease in HIV patients with HBsAg negative.
(XLS)

Acknowledgments

We thank all participants and staff of all participating sites, for their valuable contribution.

We also thank the staff members of the Polana Canigo Health and Training Center (CIS-
POC) of Instituto Nacional de Saude (INS), the Serology and Molecular Virology Laboratory
of INS, staff of Mavalane General Hospital, for providing a continuous support during field-
work and for facilitating the completion of this study.

This study was supported by funds from Ministry of Health of Mozambique and Associa¢do
para Investigacdo e Desenvolvimento da Faculdade de Medicina (AIDFM), Lisbon, Portugal.

Author Contributions

Conceptualization: Awa Abdul Carimo, Cremildo Maueia, Lucia Chambal, Francisco
Antunes, Nilesh Bhatt.

Data curation: Eduardo Samo Gudo, Cremildo Maueia, Nédio Mabunda, Liicia Chambal,
Adolfo Vubil, Ana Flora, Nilesh Bhatt.

Formal analysis: Awa Abdul Carimo, Eduardo Samo Gudo, Francisco Antunes, Nilesh Bhatt.
Funding acquisition: Eduardo Samo Gudo, Francisco Antunes, Nilesh Bhatt.

Investigation: Awa Abdul Carimo, Eduardo Samo Gudo, Cremildo Maueia, Nédio Mabunda,
Lucia Chambal, Adolfo Vubil, Ana Flora, Francisco Antunes, Nilesh Bhatt.

Methodology: Awa Abdul Carimo, Eduardo Samo Gudo, Cremildo Maueia, Lucia Chambal,
Francisco Antunes, Nilesh Bhatt.

Project administration: Awa Abdul Carimo, Eduardo Samo Gudo, Cremildo Maueia, Nédio
Mabunda, Licia Chambal, Adolfo Vubil, Francisco Antunes, Nilesh Bhatt.

Resources: Awa Abdul Carimo, Eduardo Samo Gudo, Cremildo Maueia, Francisco Antunes,
Nilesh Bhatt.

Software: Eduardo Samo Gudo, Lucia Chambal.

Supervision: Awa Abdul Carimo, Eduardo Samo Gudo, Cremildo Maueia, Francisco Antunes,
Nilesh Bhatt.

Validation: Eduardo Samo Gudo, Francisco Antunes, Nilesh Bhatt.
Visualization: Eduardo Samo Gudo, Francisco Antunes.

Writing - original draft: Awa Abdul Carimo, Eduardo Samo Gudo.

PLOS ONE | https://doi.org/10.1371/journal.pone.0190775 January 10, 2018 8/10


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0190775.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0190775.s002
https://doi.org/10.1371/journal.pone.0190775

o @
@ : PLOS | ONE Ocecult hepatitis B infection in HIV infected individuals in Mozambique

Writing - review & editing: Awa Abdul Carimo, Eduardo Samo Gudo, Francisco Antunes,
Nilesh Bhatt.

References

1. Raimondo G, Allain JP, Brunetto MR, Buendia MA, Chen DS, Colombo M, et al. Statements from the
Taormina expert meeting on occult hepatitis B virus infection. J Hepatol. 2008; 49(4):652—7. Epub
2008/08/22. doi: S0168-8278(08)00479-0 [pii] https://doi.org/10.1016/j.jhep.2008.07.014 PMID:
18715666.

2. Said ZN. An overview of occult hepatitis B virus infection. World J Gastroenterol. 2011; 17(15):1927—
38. https://doi.org/10.3748/wjg.v17.i115.1927 PMID: 21528070; PubMed Central PMCID:
PMCPMC3082745.

3. Allain JP. Occult hepatitis B virus infection. Transfus Clin Biol. 2004; 11(1):18-25. https://doi.org/10.
1016/j.tracli.2003.11.007 PMID: 14980545.

4. HuKaQ. Occult hepatitis B virus infection and its clinical implications. J Viral Hepat. 2002; 9(4):243-57.
PMID: 12081601.

5. Mphahlele MJ, Lukhwareni A, Burnett RJ, Moropeng LM, Ngobeni JM. High risk of occult hepatitis B
virus infection in HIV-positive patients from South Africa. J Clin Virol. 2006; 35(1):14—20. https://doi.org/
10.1016/j.jcv.2005.04.003 PMID: 15916918.

6. SunHY,LeeHC, Liu CE, Yang CL, Su SC, Ko WC, et al. Factors associated with isolated anti-hepatitis
B core antibody in HIV-positive patients: impact of compromised immunity. J Viral Hepat. 2010; 17
(8):578-87. https://doi.org/10.1111/j.1365-2893.2009.01212.x PMID: 19818002.

7. Filippini P, Coppola N, Pisapia R, Scolastico C, Marrocco C, Zaccariello A, et al. Impact of occult hepati-
tis B virus infection in HIV patients naive for antiretroviral therapy. AIDS. 2006; 20(9):1253-60. https://
doi.org/10.1097/01.aids.0000232232.41877.2a PMID: 16816553.

8. Puoti M, Torti C, Bruno R, Filice G, Carosi G. Natural history of chronic hepatitis B in co-infected
patients. J Hepatol. 2006; 44(1 Suppl):S65—70. https://doi.org/10.1016/j.jhep.2005.11.015 PMID:
16338021.

9. Sagnelli E, Pisaturo M, Martini S, Filippini P, Sagnelli C, Coppola N. Clinical impact of occult hepatitis B
virus infection in immunosuppressed patients. World J Hepatol. 2014; 6(6):384—-93. https://doi.org/10.
4254/wjh.v6.i6.384 PMID: 25018849; PubMed Central PMCID: PMCPMC4081613.

10. Chamorro AJ, Casado JL, Bellido D, Moreno S. Reactivation of hepatitis B in an HIV-infected patient
with antibodies against hepatitis B core antigen as the only serological marker. Eur J Clin Microbiol
Infect Dis. 2005; 24(7):492—4. https://doi.org/10.1007/s10096-005-1355-1 PMID: 15990987.

11.  WHO. Guidelines for the prevention, care and treatment of persons with chronic hepatitis B infection.
Geneve, Switzerland: WHO, 2015.

12. Brechot C, Thiers V, Kremsdorf D, Nalpas B, Pol S, Paterlini-Brechot P. Persistent hepatitis B virus
infection in subjects without hepatitis B surface antigen: clinically significant or purely "occult"? Hepatol-
ogy. 2001; 34(1):194-203. https://doi.org/10.1053/jhep.2001.25172 PMID: 11431751.

13. Burnett RJ, Francois G, Kew MC, Leroux-Roels G, Meheus A, Hoosen AA, et al. Hepatitis B virus and
human immunodeficiency virus co-infection in sub-Saharan Africa: a call for further investigation. Liver
Int. 2005; 25(2):201-13. https://doi.org/10.1111/j.1478-3231.2005.01054.x PMID: 15780040.

14. Kwak MS, Kim YJ. Occult hepatitis B virus infection. World J Hepatol. 2014; 6(12):860-9. https://doi.
org/10.4254/wjh.v6.i12.860 PMID: 25544873; PubMed Central PMCID: PMCPMC4269905.

15. INS laM. Inquérito Nacional de Prevaléncia, Riscos Comportamentais e Informagéo sobre o HIV e
SIDA em Mogambique—INSIDA 2009. Maputo: INS, 2010.

16. INS laM. Inquérito de Indicadores de Imunizagéo, Malaria e HIV/SIDA em Mogambique (IMASIDA
2015). Maputo: INS, 2017.

17. Bos P, Steele AD, Peenze |, Aspinall S. Sero-prevalence to hepatitis B and C virus infection in refugees
from Mozambique in southern Africa. East Afr Med J. 1995; 72(2):113-5. PMID: 7796749.

18. Stokx J, Gillet P, De Weggheleire A, Casas EC, Maendaenda R, Beulane AJ, et al. Seroprevalence of
transfusion-transmissible infections and evaluation of the pre-donation screening performance at the
Provincial Hospital of Tete, Mozambique. BMC Infect Dis. 2011; 11:141. https://doi.org/10.1186/1471-
2334-11-141 PMID: 21605363; PubMed Central PMCID: PMCPMC3120673.

19. Gudo ES, Abreu CM, Mussa T, Augusto Ado R, Otsuki K, Chambo E, et al. Serologic and molecular typ-
ing of human T-lymphotropic virus among blood donors in Maputo City, Mozambique. Transfusion.
2009; 49(6):1146-50. https://doi.org/10.1111/j.1537-2995.2009.02100.x PMID: 19222818.

PLOS ONE | https://doi.org/10.1371/journal.pone.0190775 January 10, 2018 9/10


https://doi.org/10.1016/j.jhep.2008.07.014
http://www.ncbi.nlm.nih.gov/pubmed/18715666
https://doi.org/10.3748/wjg.v17.i15.1927
http://www.ncbi.nlm.nih.gov/pubmed/21528070
https://doi.org/10.1016/j.tracli.2003.11.007
https://doi.org/10.1016/j.tracli.2003.11.007
http://www.ncbi.nlm.nih.gov/pubmed/14980545
http://www.ncbi.nlm.nih.gov/pubmed/12081601
https://doi.org/10.1016/j.jcv.2005.04.003
https://doi.org/10.1016/j.jcv.2005.04.003
http://www.ncbi.nlm.nih.gov/pubmed/15916918
https://doi.org/10.1111/j.1365-2893.2009.01212.x
http://www.ncbi.nlm.nih.gov/pubmed/19818002
https://doi.org/10.1097/01.aids.0000232232.41877.2a
https://doi.org/10.1097/01.aids.0000232232.41877.2a
http://www.ncbi.nlm.nih.gov/pubmed/16816553
https://doi.org/10.1016/j.jhep.2005.11.015
http://www.ncbi.nlm.nih.gov/pubmed/16338021
https://doi.org/10.4254/wjh.v6.i6.384
https://doi.org/10.4254/wjh.v6.i6.384
http://www.ncbi.nlm.nih.gov/pubmed/25018849
https://doi.org/10.1007/s10096-005-1355-1
http://www.ncbi.nlm.nih.gov/pubmed/15990987
https://doi.org/10.1053/jhep.2001.25172
http://www.ncbi.nlm.nih.gov/pubmed/11431751
https://doi.org/10.1111/j.1478-3231.2005.01054.x
http://www.ncbi.nlm.nih.gov/pubmed/15780040
https://doi.org/10.4254/wjh.v6.i12.860
https://doi.org/10.4254/wjh.v6.i12.860
http://www.ncbi.nlm.nih.gov/pubmed/25544873
http://www.ncbi.nlm.nih.gov/pubmed/7796749
https://doi.org/10.1186/1471-2334-11-141
https://doi.org/10.1186/1471-2334-11-141
http://www.ncbi.nlm.nih.gov/pubmed/21605363
https://doi.org/10.1111/j.1537-2995.2009.02100.x
http://www.ncbi.nlm.nih.gov/pubmed/19222818
https://doi.org/10.1371/journal.pone.0190775

@° PLOS | ONE

Occult hepatitis B infection in HIV infected individuals in Mozambique

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Cunhal, Plouzeau C, Ingrand P, Gudo JP, Ingrand |, Mondlane J, et al. Use of replacement blood
donors to study the epidemiology of major blood-borne viruses in the general population of Maputo,
Mozambique. J Med Virol. 2007; 79(12):1832—40. https://doi.org/10.1002/jmv.21010 PMID: 17935167.

Wandeler G, Musukuma K, Zurcher S, Vinikoor MJ, Llenas-Garcia J, Aly MM, et al. Hepatitis B Infec-
tion, Viral Load and Resistance in HIV-Infected Patients in Mozambique and Zambia. PLoS One. 2016;
11(3):e0152043. https://doi.org/10.1371/journal.pone.0152043 PMID: 27032097; PubMed Central
PMCID: PMCPMC4816321.

Chambal LM, Samo Gudo E, Carimo A, Corte Real R, Mabunda N, Maueia C, et al. HBV infection in
untreated HIV-infected adults in Maputo, Mozambique. PLoS One. 2017; 12(7):e0181836. https://doi.
org/10.1371/journal.pone.0181836 PMID: 28759595; PubMed Central PMCID: PMCPMC5536281.

Viegas EO, Tembe N, Macovela E, Goncalves E, Augusto O, Ismael N, et al. Incidence of HIV and the
prevalence of HIV, hepatitis B and syphilis among youths in Maputo, Mozambique: a cohort study.
PLoS One. 2015; 10(3):e0121452. https://doi.org/10.1371/journal.pone.0121452 PMID: 25798607;
PubMed Central PMCID: PMCPMC4370560.

Lurie Y, Webb M, Cytter-Kuint R, Shteingart S, Lederkremer GZ. Non-invasive diagnosis of liver fibrosis
and cirrhosis. World J Gastroenterol. 2015; 21(41):11567-83. https://doi.org/10.3748/wjg.v21.i41.
11567 PMID: 26556987; PubMed Central PMCID: PMCPMC4631961.

Lo Re V 3rd, Frank |, Gross R, Dockter J, Linnen JM, Giachetti C, et al. Prevalence, risk factors, and out-
comes for occult hepatitis B virus infection among HIV-infected patients. J Acquir Inmune Defic Syndr.
2007; 44(3):315-20. https://doi.org/10.1097/QAI.0b013e31802ea499 PMID: 17159655.

Shire NJ, Rouster SD, Rajicic N, Sherman KE. Occult hepatitis B in HIV-infected patients. J Acquir
Immune Defic Syndr. 2004; 36(3):869-75. PMID: 15213572.

Grob P, Jilg W, Bornhak H, Gerken G, Gerlich W, Gunther S, et al. Serological pattern "anti-HBc alone":
report on a workshop. J Med Virol. 2000; 62(4):450-5. PMID: 11074473.

Hofer M, Joller-demelka HI, Grob PJ, Luthy R, Opravil M. Frequent chronic hepatitis B virus infection in
HIV-infected patients positive for antibody to hepatitis B core antigen only. Swiss HIV Cohort Study. Eur
J Clin Microbiol Infect Dis. 1998; 17(1):6—13. PMID: 9512175.

Neau D, Winnock M, Jouvencel AC, Faure M, Castera L, Legrand E, et al. Occult hepatitis B virus infec-
tion in HIV-infected patients with isolated antibodies to hepatitis B core antigen: Aquitaine cohort, 2002—
2003. Clin Infect Dis. 2005; 40(5):750-3. https://doi.org/10.1086/427882 PMID: 15714424.

Nunez M, Rios P, Perez-Olmeda M, Soriano V. Lack of "occult’ hepatitis B virus infection in HIV-infected
patients. AIDS. 2002; 16(15):2099—101. PMID: 12370518.

Phung BC, Sogni P, Launay O. Hepatitis B and human immunodeficiency virus co-infection. World J
Gastroenterol. 2014; 20(46):17360-7. https://doi.org/10.3748/wjg.v20.i46.17360 PMID: 25516647
PubMed Central PMCID: PMCPMC4265594.

Altfeld M, Rockstroh JK, Addo M, Kupfer B, Pult |, Will H, et al. Reactivation of hepatitis B in a long-term
anti-HBs-positive patient with AIDS following lamivudine withdrawal. J Hepatol. 1998; 29(2):306-9.
PMID: 9722213.

Lazizi Y, Grangeot-Keros L, Delfraissy JF, Boue F, Dubreuil P, Badur S, et al. Reappearance of hepati-
tis B virus in immune patients infected with the human immunodeficiency virus type 1. J Infect Dis.
1988; 158(3):666—7. PMID: 3411157.

Nebbia G, Garcia-Diaz A, Ayliffe U, Smith C, Dervisevic S, Johnson M, et al. Predictors and kinetics of
occult hepatitis B virus infection in HIV-infected persons. J Med Virol. 2007; 79(10):1464—71. https://doi.
org/10.1002/jmv.20954 PMID: 17705185.

Ozaslan E, Purnak T. Controversies about occult hepatitis B virus infection. World J Gastroenterol.
2009; 15(39):4986—7. https://doi.org/10.3748/wjg.15.4986 PMID: 19842236; PubMed Central PMCID:
PMCPMC2764983.

Chen CJ, Yang HI, SuJ, Jen CL, You SL, Lu SN, et al. Risk of hepatocellular carcinoma across a biolog-
ical gradient of serum hepatitis B virus DNA level. JAMA. 2006; 295(1):65—73. https://doi.org/10.1001/
jama.295.1.65 PMID: 16391218.

Chadwick D, Doyle T, Ellis S, Price D, Abbas |, Valappil M, et al. Occult hepatitis B virus coinfection in
HIV-positive African migrants to the UK: a point prevalence study. HIV Med. 2014; 15(3):189-92.
https://doi.org/10.1111/hiv.12093 PMID: 24118868; PubMed Central PMCID: PMCPMC4255299.

PLOS ONE | https://doi.org/10.1371/journal.pone.0190775 January 10, 2018 10/10


https://doi.org/10.1002/jmv.21010
http://www.ncbi.nlm.nih.gov/pubmed/17935167
https://doi.org/10.1371/journal.pone.0152043
http://www.ncbi.nlm.nih.gov/pubmed/27032097
https://doi.org/10.1371/journal.pone.0181836
https://doi.org/10.1371/journal.pone.0181836
http://www.ncbi.nlm.nih.gov/pubmed/28759595
https://doi.org/10.1371/journal.pone.0121452
http://www.ncbi.nlm.nih.gov/pubmed/25798607
https://doi.org/10.3748/wjg.v21.i41.11567
https://doi.org/10.3748/wjg.v21.i41.11567
http://www.ncbi.nlm.nih.gov/pubmed/26556987
https://doi.org/10.1097/QAI.0b013e31802ea499
http://www.ncbi.nlm.nih.gov/pubmed/17159655
http://www.ncbi.nlm.nih.gov/pubmed/15213572
http://www.ncbi.nlm.nih.gov/pubmed/11074473
http://www.ncbi.nlm.nih.gov/pubmed/9512175
https://doi.org/10.1086/427882
http://www.ncbi.nlm.nih.gov/pubmed/15714424
http://www.ncbi.nlm.nih.gov/pubmed/12370518
https://doi.org/10.3748/wjg.v20.i46.17360
http://www.ncbi.nlm.nih.gov/pubmed/25516647
http://www.ncbi.nlm.nih.gov/pubmed/9722213
http://www.ncbi.nlm.nih.gov/pubmed/3411157
https://doi.org/10.1002/jmv.20954
https://doi.org/10.1002/jmv.20954
http://www.ncbi.nlm.nih.gov/pubmed/17705185
https://doi.org/10.3748/wjg.15.4986
http://www.ncbi.nlm.nih.gov/pubmed/19842236
https://doi.org/10.1001/jama.295.1.65
https://doi.org/10.1001/jama.295.1.65
http://www.ncbi.nlm.nih.gov/pubmed/16391218
https://doi.org/10.1111/hiv.12093
http://www.ncbi.nlm.nih.gov/pubmed/24118868
https://doi.org/10.1371/journal.pone.0190775

