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Abstract

Introduction

HIV co-infection with hepatitis B (HIV-HBV) and hepatitis C (HIV-HCV) is known to affect
treatment outcomes of antiretroviral therapy (ART); however, its magnitude is not well docu-
mented. We aimed to determine the magnitude of HIV-HBV and HIV-HCV co-infections
simultaneously in people living with HIV (PLHIV) enrolled in ART care in Addis Ababa.

Methods

We reviewed the medical records of adults >15 years who were receiving ART care in three
high burden hospitals in Addis Ababa. Baseline clinical and laboratory test results were
extracted from medical records. Co-infection was determined based on hepatitis B surface
antigen (HBsAg) and hepatitis C virus antibody (anti-HCV) tests obtained from the medical
records. A multivariable logistic regression model was used to identify the risk factors for
hepatitis B and C co-infections.

Results

A total of 873 HIV-positive participants were included in this study. The median age of the
participants was 37.5 years, and 55.7% were women. Overall, HIV-HBV co-infection was
5.96% (95% Cl: 4.56—7.74), and HIV-HCV co-infection was 1.72% (95% CI: 1.03-2.83).
The multivariable logistic regression showed that the male sex was the most independent
predictor for viral hepatitis B co-infection with an odds ratio of 2.42(95% CI:1.27—4.63).
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However, HIV-HCV co-infection did not show a significant association in any of the sociode-
mographic data of the participants.

Conclusion

HIV co-infection with hepatitis B was moderately high in individuals enrolled in ART care in
Addis Ababa. Men had significantly higher HIV-HBV co-infection. HIV co-infection with hep-
atitis C was relatively low. Strengthening integrated viral hepatitis services with HIV care
and treatment services should be emphasized to improve patient care in health facilities.

Introduction

HIV-associated morbidity and mortality have declined in resource-limited countries owing to
the rapid scale-up of antiretroviral therapy [1]. However, co-infection with hepatitis B virus
(HBV) and hepatitis C virus (HCV) has emerged as a clinical and public health challenge [2].
Studies have shown an increase in the number of liver-related deaths among antiretroviral
users [2-4].The guidelines of the World Health Organization (WHO) in 2016 recommended
the early detection and screening of viral hepatitis in people living with HIV (PLHIV) at the
initiation of antiretroviral therapy (ART) [5]. Globally, less than 5% of PLHIV know their
HBV or HCV status [6].Although Africa is known to harbor most of the HIV, HBV, and HCV
infected people, little is known about viral hepatitis co-infection status in HIV-positives
enrolled in ART care.

In Ethiopia, more than 669,000 people were living with HIV; 11,500 people died from an
AIDS-related illness, and 71% of PLHIV were treated by the end of 2019 [7]. Viral hepatitis is
endemic, with an estimated national hepatitis B prevalence of 9.4% in 2017 [8]. There is no
recent national population-based HCV study; however, population-based studies from the
northwest and southwest of the country showed hepatitis C prevalence of 1% in 2017 [9] and
1.9% in 2018 [10].

As in most parts of the world, there is a general insufficiency in the diagnosis of HBV and
HCV as in Ethiopia, which remains a challenge in explaining the magnitude and pattern of co-
infections and providing the necessary treatment to HIV positives. Studies in some hospitals
in Addis Ababa have estimated co-infections [11, 12]. Understanding the magnitude of
HIV-HBV and HIV-HCV co-infection is necessary to prioritize care and treatment services
for co-infected individuals.

The lack of continuous studies to estimate HBV and HCV in Ethiopia remains a serious
challenge in determining the pattern of co-infection. Therefore, we aimed to determine the
magnitude of HIV-HBV and HIV-HCV co-infection in PLHIV who were on ART in Addis
Ababa.

Methods
Study design and setting

A retrospective cross- sectional medical record review was carried out in three big hospitals in
Addis Ababa; Zewditu Hospital, Alert Hospital, and Black Lion Hospital. The three hospitals
together serve 16,400 ART clients. Addis Ababa, the capital city of Ethiopia, has a population
of more than five million people [13]. Addis Ababa is the second highest (3.5%) HIV prevalent
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city, with an estimated 125,000 PLHIV in 2020. In addition, one-fourth of the total number of
PLHIV in the country receive ART in health facilities in Addis Ababa [7].

The antiretroviral treatment program in Ethiopia is provided based on the national guide-
lines, which were adopted from the WHO guidelines issued in 2016. The guideline recom-
mends screening all HIV-positives for both hepatitis B and hepatitis C viruses at ART
initiation [14, 15].

However, the guidelines are not fully practiced in most health facilities that provide ART
services in the country. The recommended testing is a serological test for HB surface antigen
(HBsAg) and anti-HCV antibodies. The guideline also recommends a first-line drug combina-
tion regimen of antiviral agents (tenofovir and entecavir) that are active against HBV. Direct
acting drugs that treats HCV are very expensive and not easily accessible, even for those who
can afford to pay for it until recently. In response to this, the Federal Ministry of Health has
promoted and included HCV direct-acting drugs in the essential drug list. Following that pri-
vate healthcare providers have started procuring direct-acting drugs to treat HCV. The gov-
ernment is also working to expand affordable access to direct-acting drugs through increasing
procurement, private partnerships, and awareness. The second national five years (2021-2025)
Viral Hepatitis Strategic Plan also included subsidized procurement of direct-acting drugs as
one strategic direction to improve the health of the nation.

The outcome of this study was the magnitude of HIV-HBV co-infection and HIV-HCV co-
infection. Adults > 15 years who had documented viral hepatitis B and viral hepatitis C test
results enrolled in ART care from September 2012 to December 2018 (started routine viral
hepatitis screening) were eligible. Study participants without viral hepatitis test results were
excluded from the analysis. A comparison was made between those who had test results and
those without test results to check for selection biases using selected demographic and clinical
characteristics of age, sex, education, and marital status.

Sample size determination and sampling procedures

The sample size for the study was determined using a single proportion formula, which
required 256 and 240 HBV and HCV positives, respectively. The following assumptions were
included in the calculation:Co-infection prevalence of HIV-HBV and HIV-HCV was 0.052
and 0.055, respectively [16], margin of error, d = 0.03, Z = 1.96, and a 95% CI. However, we
included all eligible adults > 15 years with documented viral hepatitis test results enrolled in
ART care from September 2012 to December 2018 to increase the precision of the estimate
and be able to conduct internal comparisons. A total of 873 (Zewditu hospitals, n = 523,
ALERT, n = 186, and Black Lion hospital, n = 164) HIV positives with documented viral hepa-
titis B and viral hepatitis C were included in this study.

Data extraction procedures

The data extraction form was developed in English and pretested in two health facilities that
were not part of the study sites. Four data abstractors (two BSc nurses and two data managers)
were trained in the selected study hospitals. The data collectors were team-up in two groups
with a data manager and a nurse in one group to abstract clinical and laboratory data from the
patient folder directly into a tablet. An experienced supervisor with a master’s degree in Public
Health joined the data abstractor team.

The folders of the HIV positives was the source of information for this study. The client
folder included a follow-up card in which the HIV positive ‘ visits were recorded at ART initia-
tion and during the follow-up visits. Laboratory results and history intake forms were attached
to the patient folder. The patient folder is kept in the Health Information System (HMIS)
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archive, which is a dedicated card room where all patient cards are kept independent of the
patient’s HIV status. The ART register and the electronic database were used to obtain a list of
the unique ART numbers and eligible adults for the study.

The ART data manager sorted 20-30 eligible unique ART numbers from the database and
sent them to a runner (HMIS card person) to remove the patient folder from the HMIS for
data abstraction during the study period.

The data extracted from the medical records of HIV-positive included sociodemographic
characteristics (age, sex, marital status, education, and religion), baseline laboratory and clini-
cal characteristics, hepatitis B surface antigen (HBsAg) test, and anti-hepatitis C virus (anti-
HCV) test. Extracted data were uploaded daily to the REDCAP server after the supervisor
checked for completeness of the data. REDCAP is a secure web application for building and
managing online surveys and databases. The data were collected from November 12, 2019, to
March 15, 2020. Data were exported from REDCAP to STATA14 for further cleaning, data
management, and analysis.

Statistical analysis

The background characteristics of the study participants were described with the median and
interquartile range (IQR) for numeric variables and frequency and proportion for categorical
variables. The normality of the distribution was tested first to determine the type of statistical
test. For numeric variables, the Kruskal-Wallis equality-of-populations rank test or Wilcoxon
test was used as appropriate. For categorical outcome variables, the chi-square test was used.
Statistical significance was set at p <0.05. The co-infection of HIV-HBV and HIV-HCV was
calculated using proportions and presented with a 95% confidence interval. Multivariable
logistic regression was used to assess risk factors for HIV-HBV and HIV-HCYV, and the odds
ratio (OR) with 95% CI was presented.

Ethics approval and consent to participate

This study was approved by the Institutional Review Board of the University of Gondar in
Ethiopia and the Armauer Hansen Research Institute, Addis Ababa, Ethiopia. No consent was
required from participants. No external persons accessed the patient’s folder, and no patient
identifier was included in our data set. The patient folder that was taken from the HMIS room
for data abstraction was kept in a locked file cabinet until it was returned to the HMIS room to
maintain participant’s confidentiality. The analysis used routinely collected patient data for
program monitoring and evaluation purpose, and had no direct patient contact. As this was a
retrospective study, the University of Gondar Institutional Review Board waived the need for
informed consent. We confirm that all methods have been carried out in accordance with rele-
vant guidelines and regulations.

Results
Characteristics of the study participants at ART enrollment

Of the 998 adults eligible for this study, 873 were included in this analysis, and 125 (15%) of
the study participants were excluded from the analysis because they did not have documented
viral hepatitis test results. Of the 873 participants included, their median age at enrollment was
37.5, with an inter-quartile range (IQR) of-31-45 years, and 55.7% were female. Married par-
ticipants constituted the highest proportion 408(48.69%) of the study participants. Regarding
educational status, 731(86.82%) of the study participants had attained basic education, 296
(35.15%) attained secondary education, and 173(20.55%) attained tertiary education Table 1.
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Table 1. Socio-demographic characteristics of the participants at ART enrollment (September 2012-December
2018), Addis Ababa, n = 873.

Variables n(%)
Age in (years), (n = 873)
15-29 166 (19.01)
30-44 469 (53.72)
45-59 198 (22.68)
60+ 40 (4.58)
Median (IQR) 37.5(31-45)
Sex, (n = 869)
Male 385(44.30)
Female 484(55.69)
Marital status, (n = 838)
Never married 210(25.05)
Married 408(48.68)
Separated/Divorced 140(16,70)
Widowed/er 80(9.54)
Education, (n = 842)
No education 111(13.18)
Primary 262(31.11)
Secondary 296(35.15)
Tertiary 173(20.54)
Religion, (n = 843)
Muslim 97(11.50)
Orthodox 646(76.63)
Protestant 89(10.55)
Catholic 4(0.47)
Other 7(0.83)

IQR:Inter-quartile range; ART: Antiretroviral Therapy.

https://doi.org/10.1371/journal.pone.0267230.t001

Magnitude of HIV-HBYV co-infection

The overall HIV-HBV co-infection was 5.96% (95% CI: 4.56-7.74, n = 52) in PLHIV enrolled
for ART care. HBV co-infection was highest in men (8.83%;95% CI: 6.37-12.12, n = 34) than
in female participants and 3.72% (95% CI: 2.35-5.83, n = 18, p = 0.0001). In terms of age
group, HBV co-infection was the highest in the age group of 45-59 years (7.57% [95% CI:
4.60-12.23,]) and lowest in the age group 15-29 years (4.21% [95% CI: 2.01-8.64, p = 0.626]).

Married study participants had the highest HIV-HBV co-infection of 7.59%(95% CI: 5.39-
10.62, p = 0.316), followed by separated/divorced (5.71%;95% CI: 2.86-11.10), and the lowest
HBV was reported among those who had never been married (3.80%;95% CI: 1.91-7.47)
Table 2.

Magnitude of HIV-HCYV co-infection

HIV-HCV co-infection among HIV-positive enrolled for ART care was 1.72% (95% CI: 1.03-
2.83,n = 15). HCV co-infection was highest, 7.50% (95% CI: 2.31-21.71, p = 0.014) in the age
group of 60+, followed by the age group 15-29 years 2.41% (95% CI: 0.89-6.30). With regard
to the marital status of HIV positiveswith HCV, widowed/er showed the highest HCV co-
infection, 2.50% (95% CI: 0.61-9.72) followed by never married, 2.38% (95% CI: 0.99-5.63),
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Table 2. HIV-HBV and HIV-HCV co-infection in HIV positives enrolled in ART care by selected background characteristics (September 2012-December 2018),
Addis Ababa, N = 873.

Variables Overall HIV-HBYV Co-infection HIV-HCYV Co-infection
N N Estimated Prevalence (%) (95% CI) N Estimated Prevalence (%) (95% CI)

Total 873 52 5.96(4.56-7.74) 15 1.72(1.03-2.83)
Age in (years)

15-29 166 7 4.21(2.01-8.64) 4 2.41(0.89-6.30)

30-44 469 28 5.97(4.15-8.52) 4 0.85(0.32-2.25)*

45-59 198 15 7.57(4.60-12.23) 4 2.02(0.75-5.30)*

60+ 40 2 5.00(1.18-18.87) 3 7.50(2.32-21.71)
Sex

Male 385 34 8.83(6.37-12.12)* 7 1.82(0.87-3.77)

Female 484 18 3.72(2.35-5.83) 7 1.45(0.69-3.01)
Marital status

Never married 210 8 3.81(1.91-7.47) 5 2.38(0.99-5.63)

Married 408 31 7.59(5.39-10.62) 4 0.98(0.37-2.59

Separated/Divorced 140 8 5.71(2.86-11.10) 2 1.43(0.35-5.62)

Widowed/er 80 4 5.00(1.85-12.82) 2 2.50(0.61-9.72)
Education

No education 111 6 5.40(2.42-11.64) 1 0.90(0.12-6.29)

Primary 262 14 5.34(3.18-8.84) 4 1.52(0.57-4.02)
Secondary 296 24 8.11(5.48-11.83) 3 1.01(0.33-3.11)

Tertiary 173 8 4.62(2.31-9.03) 4 2.31(0.86-6.05)
Religion

Muslim 97 6 6.18(2.76-13.26) 1 1.03(0.13-7.18)

Orthodox 646 41 6.34(4.70-8.51) 11 1.70(0.94-3.05)

Protestant 89 3 3.37(1.06-10.13) 1 1.12(0.15-8.81)

Catholic 4 1 **) - -

Other 7 1 **) - -

HBV: hepatitis B virus; HCV: hepatitis C virus; HIV: human immunodeficiency virus; CI: confidence interval
*p-value < 0.05 is considered as statistically significant level (

** Observation smaller than 25)

https://doi.org/10.1371/journal.pone.0267230.t002

and the lowest was recorded among the married study participants (0.98% [0.37-2.59]). Male’s
sex had a higher 1.82(0.87-3.77) HCV co-infection compared with female 1.45(95% CI: 0.69-
3.01, p = 0.665) study participants Table 2.

Factor associated with co-infection

The multivariant logistic regression showed that the male sex was the most independent pre-
dictor for viral hepatitis B co-infection with an OR of 2.42(95% CI: 1.27-4.63) Table 3. How-
ever, the multivariate logistic regression analysis of HIV-HCV co-infection did not show a
significant association with HCV co-infection in all the socio-demographic data of the partici-
pants (age groups, sex, educational status, marital status, and religion) Table 4.

Discussion

We found that the magnitude of HIV-HBV co-infection was 5.96% and HIV-HCV co-infec-
tion was 1.72% in adults >15 years in Addis Ababa. The factor that was statistically and
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Table 3. Factors associated with viral hepatitis B co-infections in HIV positives enrolled in ART care (September
2012-December 2018) Addis Ababa, n = 873.

Variables Viral Hepatitis B Co-infection
Bivariate Multivariable
Odds ratio p-value Odds ratio p-value
Sex
Male 2.50(1.39-4.51) 0.002 2.42(1.27-4.63) 0.007
Female 1 1
Age group
15-29 0.83(0.16-4.18) 0.828 1.30(0.23-7.13) 0.75
30-44 1.20(0.27-5.25) 0.803 1.34(0.29-6.13) 0.69
45-59 1.55(0.34-7.09) 0.567 1.37(0.28-6.51) 0.69
60+ 1 1
Marital Status
Single 1 1
Married 2.07(0.93-4.60) 0.072 2.13(0.92-4.92) 0.074
Divorced/Separated 1.53(0.56-4.17) 0.406 1.87(0.65-5.35) 0.242
Widowed/er 1.32(0.38-4.54) 0.650 1.51(0.40-5.62) 0.535
Education
No Education 1 1
Primary 0.98(0.36-2.64) 0.981 0.78(0.28-2.16) 0.640
Secondary 1.54(0.61-3.88) 0.356 1.24(0.47-3.25) 0.662
Tertiary 0.84(0.28-2.51) 0.767 0.63(0.20-2.02) 0.441
Religion
Orthodox 1 1
Muslim 0.97(0.40-2.35) 0.952 0.99(0.40-2.47) 0.997
Protestant 0.51(0.15-1.69) 0.276 0.53(0.15-1.81) 0.317
Catholic 4.91(0.50-48.33) 0.172 7.01(0.596-82) 0.121
Other 2.45(0.28-20.91) 0.410 2.2(0.24-20.62) 0.479

https://doi.org/10.1371/journal.pone.0267230.t003

strongly associated with HBV co-infection was the male sex, which had a higher likelihood of

being co-infected.

We demonstrated findings similar to those of other studies conducted in HIV-positive
enrolled for ART care in hospital settings. For instance, our finding of HIV-HBYV is similar to

those of studies from the northern part of the country (5.6%,5.9%, and 5.7%) [17-19]. Overall,
our finding of HIV-HBYV is also consistent with the findings of other similar studies in Ethio-
pia, ranging from 4.7% to 7.7% [20-23].

On the other hand, our finding of HIV-HBV is much lower than the study conducted in
the eastern parts of the country (11%) in three regional hospitals of Diredawa, Somali, Harari,
and in the southern part of the country at Wolita Sodo Hospital [24, 25]. This difference seems
to be related to traditional practices, such as female genital mutilation between regions, which
may facilitate transmission. For instance, female genital mutilation is most common in the
eastern part of the country, with 99% in Somali, 91% in Afar, 82% in Harari, and 75% in Dire
Dawa compared with 54% in Addis Ababa or other parts of the country [26].

The HIV-HBYV prevalence in this study was moderately high. More than 90% of HBV trans-
mission occurs during childbirth in Africa and Asia [27]. The vaccination against the HBV
was not yet in place in Ethiopia until 2006, when the country introduced pentavalent vaccina-
tion, which includes a vaccine against HBV at birth 14 years prior. Currently, adults > 15
years were not part of the vaccination cohort. This may have contributed to the moderately
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Table 4. Factors associated with viral hepatitis C co-infections in HIV positives (September 2012-December 2018)

Addis Ababa, n = 873.

Variables Viral Hepatitis Co-infection
Bivariate Multivariable
Odds ratio p-value Odds ratio p-value
Sex
Male 1.26(0.43-3.62) 0.666 1.27(0.32-4.96) 0.728
Female 1 1
Age group
15-29 0.30(0.06-1.41) 0.130 0.54(0.04-6.38) 0.630
30-44 0.10(0.02-0.49) 0.004 0.12(0.01-1.51) 0.101
45-59 0.25(0.05-1.18) 0.008 0.49(0.04-5.16) 0.558
60+ 1 1
Marital Status
Never married 1 1
Married 0.40(0.10-1.52) 0.182 0.29(0.06-1.43) 0.131
Divorced/Separated 0.59(0.11-3.10) 0.537 0.29(0.03-2.92) 0.298
Widowed/er 1.05(0.19-5.53) 0.953 0.48(0.04-5.24) 0.554
Education
No Education 1 1
Primary 1.70(0.18-15.43) 0.635 1.32(0.13-12.80) 0.808
Secondary 1.12(0.11-10.94) 0.918 0.88(0.08-9.10) 0.916
Tertiary 2.60(0.28-23.60) 0.395 0.90(0.07-11,12) 0.937
Religion
Orthodox 1 1
Muslim 0.60(0.07-4.71) 0.628 1.02(0.12-8.67) 0.979
Protestant 0.65(0.08-5.14) 0.688 0.92(0.11-7.72) 0.940
Catholic - -
Other - -

https://doi.org/10.1371/journal.pone.0267230.t004

high HIV-HBYV co-infection findings in this study. Therefore, the moderately high HIV-HBV
found in this study may remain the same for some time until the new vaccinated cohort joins
the adult population.

In this study, we also found that HIV-HBV co-infection was twice as high in men than in
women in the same age group. A similar significant difference between the sexes in HIV-HBV
co-infection was reported in Ethiopia and other African countries [17, 19, 28]. The reason why
men have higher HBV levels than women is beyond the scope of this study. However, previous
large cohort and 12 years follow-up studies showed that biological factors are more important
than environmental or behavioral factors. This explains that the higher HBV in men indicates
that females develop HBV antibodies faster than males, which helps them to clear HBsAg
early, so most may not progress to chronic HBV. Second, the female sex hormone, estrogen,
may be a protective factor for females and androgen as a risk factor for men contributing to
higher HBV [29, 30]. This may call for emphasis to encourage men to target HBV screening
without compromising efforts to women.

We found a low (1.72%) HIV-HCV co-infection among HIV-positive enrolled in ART care
in three Addis Ababa hospitals. Others also found extremely low HIV-HCV co-infections, as
low as 1.0%in Addis Ababa, 1.3% in Debretabor Hospital, and 1.1% in Gondar Hospital [11,
31, 32].
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In contrast, studies from Hawassa, Bahirdar, and Adawa hospitals showed a high HIV-HCV
co-infection ranging from 5% to 11% [33-35]. The Hawassa study indicated that only 9.1% of
the HIV-HCV cases were confirmed by polymerase chain reaction and were viremic. Studies
have shown that 88% of HCV persists with chronic HCV, as opposed to what is reported in the
Hawassa study [36]. Therefore, a direct comparison with this study in the absence of HCV
viremic results from our study may not be reasonable.

The higher HIV-HCV prevalence from Adawa and Bahirdar hospitals may be due to the
associated risk factors identified, including hospitalization, blood transfusion, and tooth
extraction, which may contribute to high HIV-HCV co-infection in the area. Our finding of
HIV-HCV co-infection is consistent with the Sub-Saharan Africa estimates of the general pop-
ulation, but much lower than the estimate in the HIV population [37].

The high HIV-HCV co-infection in sub-Saharan Africa can be explained by the prevalent
behavioral factors such as injection of drugs in the HIV population in some parts of Africa.
For instance, in Western and Central Africa, injecting drug use is common in the HIV popula-
tion [38], while in Ethiopia, the HIV prevalence in people with injecting drug users is not dif-
ferent from the general population in urban setting. In 2018, co-infection of HIV-HBV and
HIV-HCV among people with injecting drug users in Addis Ababa was 5.1% and 2.9% respec-
tively [39].

The limitations of this study are as follows: We extracted hepatitis B and C test results from
those who had documented viral hepatitis test, and we excluded those who did not have docu-
mented viral hepatitis test results (15%) of the eligible population, which may introduce selec-
tion bias. However, we compared HIV-positive who had documented viral hepatitis test versus
those without based on their biological and background characteristics and did not find any
difference. Second, we could not include some potential confounding variables and possible
predictors related to behavior and route of transmission because they were not routinely col-
lected at ART initiation. The absence of data on the route of transmission and behavior may
affect the predictors of co-infection but does not alter the magnitude of co-infections. Test kits
variation at health facilities with possible variation in sensitivity and specificity could be
another limitation of the study.

Conclusions

HIV co-infection with hepatitis B was moderately high in individuals enrolled in ART care in
Addis Ababa. Men had significantly higher HIV-HBV co-infection. HIV co-infection with
hepatitis C was relatively low. Strengthening integrated viral hepatitis services in HIV care and
treatment services should be emphasized to improve patient care in health facilities, and a
more detailed study is needed to understand the factors associated with viral hepatitis B and C.

Supporting information

S1 File. Raw data used for analysis.
(DTA)

Acknowledgments

We are grateful to the data abstractors and the supervisor at the three hospitals. We also thank
Mr. Samuel Ayele from AHRI for organizing and setting up the data abstraction tools on the
tablets and facilitating access to the REDCAP server and Dr. Yared Mekonnen for reviewing
and editing the manuscript. Finally, we would like to thank the Addis Continental Institute of
Public Health and the University of Gondar for giving the opportunity.

PLOS ONE | https://doi.org/10.1371/journal.pone.0267230  April 22, 2022 9/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0267230.s001
https://doi.org/10.1371/journal.pone.0267230

PLOS ONE

HIV, hepatitis B virus, and hepatitis C virus Co-infection: A retrospective cross-sectional study

Author Contributions

Conceptualization: Eleni Seyoum, Meaza Demissie, Yemane Berhane.

Data curation: Eleni Seyoum, Meaza Demissie, Alemayehu Worku, Andargachew Mulu.
Formal analysis: Eleni Seyoum, Alemayehu Worku, Yemane Berhane.

Funding acquisition: Eleni Seyoum, Alemseged Abdissa.

Investigation: Eleni Seyoum.

Methodology: Eleni Seyoum, Alemayehu Worku, Andargachew Mulu, Yemane Berhane.
Project administration: Eleni Seyoum.

Resources: Eleni Seyoum, Alemseged Abdissa.

Software: Eleni Seyoum.

Supervision: Eleni Seyoum, Meaza Demissie, Alemayehu Worku, Alemseged Abdissa,
Yemane Berhane.

Validation: Eleni Seyoum, Meaza Demissie, Alemseged Abdissa, Yemane Berhane.
Visualization: Eleni Seyoum.
Writing - original draft: Eleni Seyoum.

Writing - review & editing: Eleni Seyoum, Meaza Demissie, Alemayehu Worku, Andarga-
chew Mulu, Alemseged Abdissa, Yemane Berhane.

References

1. HIV/AIDS [Internet]. [cited 2020 Dec 27]. Available from: https://www.who.int/news-room/fact-sheets/
detail/hiv-aids

2. ModiAA, Feld JJ. Viral hepatitis and HIV in Africa. AIDS Rev. 2007 Mar; 9(1):25-39. PMID: 17474311

3. LewdenC, Salmon D, Morlat P, Bévilacqua S, Jougla E, Bonnet F, et al. Causes of death among
human immunodeficiency virus (HIV)-infected adults in the era of potent antiretroviral therapy: emerging
role of hepatitis and cancers, persistent role of AIDS. Int J Epidemiol. 2005 Feb; 34(1):121-30. https://
doi.org/10.1093/ije/dyh307 PMID: 15561752

4. Mphahlele J. Impact of HIV co-infection on hepatitis B prevention and control: a view from Sub-Saharan
Africa. South Afr J Epidemiol Infect. 2008 Jan 1; 23.

5. World Health Organization. Consolidated guidelines on the use of antiretroviral drugs for treating and
preventing HIV infection: recommendations for a public health approach, second edition. Geneva:
[Internet]. 2016. Available from: http://apps.who.int/iris/bitstream

6. World Health Organization. Global hepatitis report, 2017 [Internet]. World Health Organization,
Geneva: License: CC BY-NC-SA 3.0 IGO.; 2017 [cited 2019 Mar 25]. Available from: http://apps.who.
int/iris

7. Ethiopia Public Health Institute. National HIV Estimation and Projection Based on SEPCTRUM Model-
ling in Ethiopia [Internet]. [Internet]. 2019. Available from: ww.EPHI.gov.et

8. WeldemariamAsbeha. Nationwide Seroprevalence of Hepatitis B Virus Infection in Ethiopia: A Popula-
tion- Based cross-sectional Study. 2017.

9. AberaB, AdemY, Yimer M, Mulu W, Zenebe Y, Mekonnen Z,. Community seroprevalence of hepatitis
B, C and human immunodeficiency virus in an adult population in Gojjam zones, northwest Ethiopia.
2017;Virol J 14: 21,

10. Woldegiorgis AE, Erku W, Medhin G, Berhe N, Legesse M,. Community-based sero-prevalence of hep-
atitis B and C infections in South Omo zone, southern Ethiopia.: 2019.

11.  Yemanebrhane N, Addise D, Abebe N, Abebe F, Shewaamare A, Tsegaye A. Magnitude of Hepatitis B
Virus and Hepatitis C Virus among HAART Taking Patients and Association with Liver and Renal Func-
tion and CD4+ T Cells Level. J AIDS Clin Res. 2017; 8(6):1-7.

PLOS ONE | https://doi.org/10.1371/journal.pone.0267230  April 22, 2022 10/12


https://www.who.int/news-room/fact-sheets/detail/hiv-aids
https://www.who.int/news-room/fact-sheets/detail/hiv-aids
http://www.ncbi.nlm.nih.gov/pubmed/17474311
https://doi.org/10.1093/ije/dyh307
https://doi.org/10.1093/ije/dyh307
http://www.ncbi.nlm.nih.gov/pubmed/15561752
http://apps.who.int/iris/bitstream
http://apps.who.int/iris
http://apps.who.int/iris
http://ww.EPHI.gov.et
https://doi.org/10.1371/journal.pone.0267230

PLOS ONE

HIV, hepatitis B virus, and hepatitis C virus Co-infection: A retrospective cross-sectional study

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

Shimelis T, Torben W, Medhin G, Tebeje M, Andualm A, Demessie F, et al. Hepatitis B virus infection
among people attending the voluntary counselling and testing centre and anti-retroviral therapy clinic of
St Paul's General Specialised Hospital, Addis Ababa, Ethiopia. Sex Transm Infect. 2008 Feb 1; 84
(1):37—41. https://doi.org/10.1136/sti.2007.027326 PMID: 17804606

Addis Ababa, Ethiopia Metro Area Population 1950-2021 [Internet]. [cited 2021 Feb 1]. Available from:
https://www.macrotrends.net/cities/20921/addis-ababa/population

Consolidated Guidelines on the Use of Antiretroviral Drugs for Treating and Preventing Hiv Infection:
Recommendations for a Public Health Approach. [Internet]. 2016 [cited 2020 Dec 25]. Available from:
https://www.deslibris.ca/ID/10089566

National consolidated guidelines for comprehensive HIV prevention, care and treatment [Internet].
WHO | Regional Office for Africa. [cited 2021 Feb 22]. Available from: https://www.afro.who.int/
publications/national-consolidated-guidelines-comprehensive-hiv-prevention-care-and-treatment

Belyhun 'Y, Maier M, Mulu A, Diro E, Liebert U. Hepatitis viruses in Ethiopia: A systematic review and
meta-analysis. BMC Infect Dis. 2016 Dec 19;16. https://doi.org/10.1186/s12879-016-1338-0 PMID:
26758905

Weldembhret L, Asmelash T, Belodu R, Gebreegziabiher D. Sero-prevalence of HBV and associated
risk factors among HIV positive individuals attending ART clinic at Mekelle hospital, Tigray, Northern
Ethiopia. AIDS Res Ther. 2016 Feb 4; 13(1):6. https://doi.org/10.1186/s12981-016-0090-2 PMID:
26855663

Wondimeneh Y, Alem M, Asfaw F, Belyhun Y. HBV and HCV seroprevalence and their correlation with
CDA4 cells and liver enzymes among HIV positive individuals at University of Gondar Teaching Hospital,
Northwest Ethiopia. Virol J. 2013 May 30; 10(1):171. https://doi.org/10.1186/1743-422X-10-171 PMID:
23721493

Deressa T, Damtie D, Fonseca K, Gao S, Abate E, Alemu S, et al. The burden of hepatitis B virus (HBV)
infection, genotypes and drug resistance mutations in human immunodeficiency virus-positive patients
in Northwest Ethiopia. PLOS ONE. 2017 Dec 27; 12(12):e0190149. https://doi.org/10.1371/journal.
pone.0190149 PMID: 29281718

Tessema B, Yismaw G, Kassu A, Amsalu A, Mulu A, Emmrich F, et al. Seroprevalence of HIV, HBV,
HCV and syphilis infections among blood donors at Gondar University Teaching Hospital, Northwest
Ethiopia: declining trends over a period of five years. BMC Infect Dis. 2010 May 10; 10(1):111.

Balew M, Moges F, Yismaw G, Unakal C. Assessment of hepatitis B virus and hepatitis C virus infec-
tions and associated risk factors in HIV infected patients at Debretabor hospital, South Gondar, North-
west Ethiopia. Asian Pac J Trop Dis. 2014 Feb 1; 4(1):1-7.

Ethiopia Final Report [Internet]. PHIA Project. [cited 2020 Dec 25]. Available from: https://phia.icap.
columbia.edu/ethiopia-final-report/

Yazie TD, Tebeje MG. An updated systematic review and meta-analysis of the prevalence of hepatitis B
virus in Ethiopia. BMC Infect Dis. 2019 Oct 29; 19(1):917. https://doi.org/10.1186/s12879-019-4486-1
PMID: 31664923

Goa A, Dana T, Bitew S, Arba A. Seroprevalence and associated factors of hepatitis B virus infection
among HIV-positive adults attending an antiretroviral treatment clinic at WolaitaSodo University Referral
Hospital. Hepatic Med Evid Res. 2019 Sep 6; 11:137—47.

Ayana DA, Mulu A, Mihret A, Seyoum B, Aseffa A, Howe R. Hepatitis B virus seromarkers among HIV
infected adults on ART: An unmet need for HBV screening in eastern Ethiopia. PloS One. 2019; 14(12):
e€0226922. https://doi.org/10.1371/journal.pone.0226922 PMID: 31887187

Central Statistical Agency. Demographic and Health Survey 2016 [Internet]. The DHS Program ICF
Rockville, Maryland, USA; 2017. Available from: https://dhsprogram.com/pubs/pdf/FR328/FR328.pdf

Ranjbar R, Davari A, Izadi M, Jonaidi N, Alavian SM. HIV/HBV Co-Infections: Epidemiology, Natural
History, and Treatment: A Review Article. Iran Red Crescent Med J. 2011 Dec; 13(12):855-62. PMID:
22737429

Archampong TNA, Lartey M, Sagoe KW, Obo-Akwa A, Kenu E, Gillani FS, et al. Proportion and factors
associated with Hepatitis B viremia in antiretroviral treatment naive and experienced HIV co-infected
Ghanaian patients. BMC Infect Dis. 2016 Jan 13; 16(1):14. https://doi.org/10.1186/s12879-016-1342-4
PMID: 26759172

Zacharakis GH, Koskinas J, Kotsiou S et al. Natural history of chronic HBV infection: a cohort study with
up to 12 years follow-up in North Greece (part of the Interreg I-Il/EC-project). J Med. 2005;Virol. 77:
173-179.

Sun J, Robinson L, Lee NL, Welles S, Evans AA. No contribution of lifestyle and environmental expo-
sures to gender discrepancy of liver disease severity in chronic hepatitis b infection: Observations from
the Haimen City cohort. PLOS ONE. 2017 Apr 28; 12(4):e0175482. https://doi.org/10.1371/journal.
pone.0175482 PMID: 28453511

PLOS ONE | https://doi.org/10.1371/journal.pone.0267230  April 22, 2022 11/12


https://doi.org/10.1136/sti.2007.027326
http://www.ncbi.nlm.nih.gov/pubmed/17804606
https://www.macrotrends.net/cities/20921/addis-ababa/population
https://www.deslibris.ca/ID/10089566
https://www.afro.who.int/publications/national-consolidated-guidelines-comprehensive-hiv-prevention-care-and-treatment
https://www.afro.who.int/publications/national-consolidated-guidelines-comprehensive-hiv-prevention-care-and-treatment
https://doi.org/10.1186/s12879-016-1338-0
http://www.ncbi.nlm.nih.gov/pubmed/26758905
https://doi.org/10.1186/s12981-016-0090-2
http://www.ncbi.nlm.nih.gov/pubmed/26855663
https://doi.org/10.1186/1743-422X-10-171
http://www.ncbi.nlm.nih.gov/pubmed/23721493
https://doi.org/10.1371/journal.pone.0190149
https://doi.org/10.1371/journal.pone.0190149
http://www.ncbi.nlm.nih.gov/pubmed/29281718
https://phia.icap.columbia.edu/ethiopia-final-report/
https://phia.icap.columbia.edu/ethiopia-final-report/
https://doi.org/10.1186/s12879-019-4486-1
http://www.ncbi.nlm.nih.gov/pubmed/31664923
https://doi.org/10.1371/journal.pone.0226922
http://www.ncbi.nlm.nih.gov/pubmed/31887187
https://dhsprogram.com/pubs/pdf/FR328/FR328.pdf
http://www.ncbi.nlm.nih.gov/pubmed/22737429
https://doi.org/10.1186/s12879-016-1342-4
http://www.ncbi.nlm.nih.gov/pubmed/26759172
https://doi.org/10.1371/journal.pone.0175482
https://doi.org/10.1371/journal.pone.0175482
http://www.ncbi.nlm.nih.gov/pubmed/28453511
https://doi.org/10.1371/journal.pone.0267230

PLOS ONE

HIV, hepatitis B virus, and hepatitis C virus Co-infection: A retrospective cross-sectional study

31.

32.

33.

34.

35.

36.

37.

38.

39.

Ayele W, Nokes DJ, Abebe A, Messele T, Dejene A, Enquselassie F, et al. Higher prevalence of anti-
HCYV antibodies among HIV-positive compared to HIV-negative inhabitants of Addis Ababa, Ethiopia. J
Med Virol. 2002; 68(1):12—7. https://doi.org/10.1002/jmv.10164 PMID: 12210425

Manyazewal T, Sisay Z, Biadgilign S. Hepatitis B and Hepatitis C Virus Infections among Antiretroviral
Naive and Experienced HIV Co-infected Adults. J Med Microbiol. 2014 May 1; 63:742—7. https://doi.org/
10.1099/jmm.0.063321-0 PMID: 24757219

Alemayehu A, Tassachew Y, Sisay Z, Shimelis T. Prevalence and risk factors of Hepatitis C among indi-
viduals presenting to HIV testing centers, Hawassa city, Southern Ethiopia. BMC Res Notes. 2011 Jun
15; 4(1):198. https://doi.org/10.1186/1756-0500-4-193 PMID: 21676227

Ameha Z, Tadesse S, Assefa A, Tessema B. Prevalence and associated factors of Hepatitis C virus
and human immunodeficiency virus infections among voluntary counseling and testing clients attending
private health facilities in Bahir Dar city, North West Ethiopia 2014. BMC Res Notes. 2019 Oct 25; 12
(1):693. https://doi.org/10.1186/s13104-019-4727-9 PMID: 31653230

Atsbaha AH, AsmelashDejen T, Belodu R, Getachew K, Saravanan M, Wasihun AG. Sero-prevalence
and associated risk factors for hepatitis C virus infection among voluntary counseling testing and anti
retroviral treatment clinic attendants in Adwa hospital, northern Ethiopia. BMC Res Notes. 2016 Feb 23;
9(1):121.

Wolff FH, Fuchs SC, Barcellos NNT, Ricardo de Alencastro P, lkeda R ML, Brandao BMA, et al.: Co-
infection by hepatitis C virus in HIV-infected patients in southern Brazil: genotype distribution and clini-
cal correlates. PLoS ONE. 2010. https://doi.org/10.1371/journal.pone.0010494 PMID: 20463962

Rao VB, Johari N, du Cros P, Messina J, Ford N, Cooke GS. Hepatitis C seroprevalence and HIV co-
infection in sub-Saharan Africa: a systematic review and meta-analysis. Lancet Infect Dis. 2015 Jul; 15
(7):819-24. https://doi.org/10.1016/S1473-3099(15)00006-7 PMID: 25957078

Eluwa Gl, Strathdee SA, Adebayo SB, Ahonsi B, Adebajo SB. A profile on HIV prevalence and risk
behaviors among injecting drug users in Nigeria: Should we be alarmed? Drug and Alcohol Depen-
dence. 2013 Jan 1; 127(1):65-71.39. https://doi.org/10.1016/j.drugalcdep.2012.06.013 PMID:
22776443

Amogne M, Johnston L, Muleta M, Desyebelew D, Belete W, G/Egxiabehre A, et al. Prevalence of HIV
and other infections and injection behaviours among people who inject drugs in Addis Ababa, Ethiopia.
Afr J AIDS Res. 2018 Oct 20.

PLOS ONE | https://doi.org/10.1371/journal.pone.0267230  April 22, 2022 12/12


https://doi.org/10.1002/jmv.10164
http://www.ncbi.nlm.nih.gov/pubmed/12210425
https://doi.org/10.1099/jmm.0.063321-0
https://doi.org/10.1099/jmm.0.063321-0
http://www.ncbi.nlm.nih.gov/pubmed/24757219
https://doi.org/10.1186/1756-0500-4-193
http://www.ncbi.nlm.nih.gov/pubmed/21676227
https://doi.org/10.1186/s13104-019-4727-9
http://www.ncbi.nlm.nih.gov/pubmed/31653230
https://doi.org/10.1371/journal.pone.0010494
http://www.ncbi.nlm.nih.gov/pubmed/20463962
https://doi.org/10.1016/S1473-3099%2815%2900006-7
http://www.ncbi.nlm.nih.gov/pubmed/25957078
https://doi.org/10.1016/j.drugalcdep.2012.06.013
http://www.ncbi.nlm.nih.gov/pubmed/22776443
https://doi.org/10.1371/journal.pone.0267230

