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Background: Many HIV-infected patients in sub-Saharan Africa are not routinely screened for hepatitis B virus
(HBV) infection and are on antiretroviral therapy (ART) regimens containing only lamivudine as anti-HBV active
drug.

Methods: In 2009-2011, we screened for hepatitis B surface antigen (HBsAg) in 2820 HIV-infected adults
patients at the Mbarara Hospital Uganda and investigated risk factors for HBV infection. Using samples of
dried plasma or blood spots, we tested for HBV viral load and HBV drug resistance mutations in all HBsAg-positive
patients on ART for ≥12 months.

Results: In this study, 109 patients tested HBsAg positive (3.9%; 109/2820). HBsAg-positive patients were more
likely to have had .4 lifetime sexual partners (p,0.01). Of the 55 HBsAg-positive patients on ART for ≥12
months, 53 were only on lamivudine as anti-HBV active drug and two were on tenofovir and lamivudine. HBV-
DNA was detected in 30 patients (54.5%; 30/55), all on lamivudine-monotherapy. Of the 23 patients in whom
HBV-DNA sequencing was successful, 17 had lamivudine-resistant HBV strains harbouring rtM204V/I mutations
accompanied by secondary/compensatory mutations.

Conclusions: Our study suggests that sexual transmission may represent a major mode of spread of HBV in
southwest Uganda and confirms the importance of screening for HBV and of using ART regimens containing
tenofovir in HIV/HBV co-infected patients.
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Introduction
Co-infection with hepatitis B virus (HBV) and HIV is common in
sub-Saharan Africa, where both viruses are highly endemic.1

With a hepatitis B surface antigen (HBsAg) prevalence rate of
10.3% in the general population, in Uganda there are approxi-
mately 1.8 million adults infected with HBV, while the number
of HIV-infected adults is around 1.4 million.2–4 In Uganda, there
are limited data on the prevalence of HBV co-infection among
people living with HIV/AIDS. In the national hepatitis B sero-survey
incorporated into the 2005 Uganda HIV/AIDS sero-behavioural
survey (UHSBS), prevalence of HBsAg-positivity among adults liv-
ing with HIV/AIDS was 8.3%, which was not significantly different
from the prevalence rate in the HIV-negative population.2 This
study also found marked variations in the rates of current and

past hepatitis B infections in the different regions of Uganda,
with the northeastern region having a six-fold higher prevalence
of HBsAg-positivity compared to the southwestern region
(23.9% vs 3.8%).2

HIV infection exerts a negative impact on the course of HBV
infection at various levels. In HIV-infected individuals, hepatitis
B is more likely to progress to chronicity after an acute infection,
HBV DNA blood levels tend to be higher, rates of hepatitis B e anti-
gen (HBeAg) loss are lower, progression to end-stage liver disease
is accelerated and the risk of hepatocellular carcinoma and liver-
related mortality is increased.5 Furthermore, when choosing the
combination of antiretroviral drugs (ARVs) for patients with HIV/
HBV co-infection, it is important to consider that some of these
agents have dual activity against both viruses and that HBV is
able to develop resistance to lamivudine (LAMr) at rates of 20%
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per year, when this drug is used as the only HBV-active agent of
the combination.6 For these reasons, European and American
guidelines recommend that all HIV-infected individuals are
screened for HBV co-infection and that those needing highly-
active antiretroviral therapy (HAART) receive fully active HBV treat-
ment as well.7,8 The same also applies for resource-constrained
countries. Since 2010, WHO guidelines for the treatment of HIV
infection recommend a first-line HAART regimen including tenofo-
vir and either lamivudine or emtricitabine in HBV co-infected
patients.9 Unfortunately, these recommendations have not yet
been fully implemented in sub-Saharan Africa, where many
HIV-infected patients are still not routinely screened for HBV infec-
tion and a large proportion of co-infected patients, whose HBV
status is unknown, remain on regimens containing only lamivu-
dine as the HBV-active agent.10

In this study, we determined the prevalence of hepatitis B in a
large cohort of HIV-infected patients in southwest Uganda, inves-
tigated the risk factors for HBV infection in this population and
assessed rate and pattern of HBV LAMr in patients receiving
HAART for their HIV infection.

Materials and methods

Study design

In this cross-sectional study, all HIV-infected patients aged ≥16
years that were seen at the Mbarara Regional Referral Hospital,
southwest Uganda, between June 2009 and December 2011
were asked to: complete a questionnaire assessing risk factors
for HBV infection; be screened for the presence of HBsAg in
blood with the Determine HBsAg Rapid Test (Alere Inc., MA,
USA); and have samples of blood or plasma spotted onto filter
paper cards (Whatman 903 Protein Saver Card, GE Healthcare
Ltd., NJ, USA) for virological molecular analysis.

Only patients who underwent all three of the above steps and
for whom all data were available were included in the final ana-
lysis. In the virological analysis we focused on patients found to
be HBsAg-positive. Taking into account the kinetics of HBV and
HIV viral load (VL) decay following the start of treatment, we
excluded from our virological analysis patients with ≤12 months
of HAART.11 Dried plasma or blood spots (DBS/DPS) samples of
the HBsAg-positive patients on HAART for their HIV infection
for .12 months were tested for HBV-DNA by quantitative PCR,
HBV drug resistance testing by sequencing and HIV-RNA by
quantitative PCR. The presence of a detectable HIV viraemia
was used as a surrogate marker of inadequate adherence
to HAART.

HBsAg testing

Screening for HBsAg was performed using the Determine HBsAg
Test, a rapid immune-chromatographic test that is performed
manually and has a visual readout. This test has been shown to
have excellent sensitivity and specificity, in the low-endemicity
European setting as well as in the high-endemicity context of
sub-Saharan Africa and also in HIV co-infected patients.12,13

Because of the test’s consistent excellent performances with
both plasma and whole blood, either types of samples were
used alternatively.12–14 The test procedure was carried out in
accordance with manufacturer’s instructions.

Dried plasma or blood spot collection and storage

Dried plasma or blood spot have been shown to be a reliable alter-
native to plasma specimens for HIV and HBV VL quantification and
for genotypic resistance testing.15,16 Previous studies showed that
the two types of dried samples yield concordant VL results and for
this reason we used them alternatively.17 For each patient, 50 ml
of blood or plasma were spotted in each of the five pre-printed cir-
cles of a filter paper cards. After application, the cards were left to
dry overnight at room temperature and were then stored at
2808C in the Epicentre Research Base in Mbarara, Uganda. In
September 2012, the cards were dispatched to the Institute of
Infection and Global Health of the University of Liverpool, UK,
where they were stored at 2808C and analysed between
October 2012 and January 2013.

Methods of elution, extraction and PCR quantification
of HBV-DNA and HIV-RNA

An in-house protocol for elution, extraction and PCR quantification
of HBV-DNA and HIV-RNA from DPS and DBS was developed,
validated and used. We conducted preliminary validation experi-
ments on mock DPS and DBS samples that were made by diluting
NIBSC second HBV DNA international standard and third HIV-1
RNA international standard (WHO, Health Protection Agency,
UK) in negative plasma and negative EDTA anti-coagulated
blood. Our preliminary experiments showed high correlation
between the known input values of the dilutions and the values
obtained from DPS and DBS (Pearson correlation coefficients
0.99; p,0.001 for both HIV and HBV) and also high correlation
between the values obtained from the two types of dried samples
(Pearson correlation coefficients 0.99; p,0.001 for both HIV and
HBV). For HBV VL quantification, the mean difference from the
known input value was 0.02 log10 IU/ml (95% CI 0.05-0) for DBS
and 0.1 IU/ml (95% CI 0.17–0.03) for DPS and the lower limit of
detection was 250 IU/ml. For HIV VL quantification, the mean dif-
ference from the known input value was 0.4 log10 copies/ml (95%
CI 0.47–0.33) for DBS and 0.29 log10 copies/ml (95% CI 0.35–0.22)
for DPS and the lower limit of detection was 500 copies/ml. When
using our protocol with the actual study samples, we accounted
for the fact that, different from DPS, DBS have a cellular fraction in
addition to plasma. For this reason, using a standard haematocrit
value derived from the literature of 28.3% for people living with
HIV in sub-Saharan Africa, we applied a correction factor of 1.39
to adjust the VL results obtained from DBS.18

For each patient, we used one spot of the filter paper card for
HBV-DNA quantification and drug resistance sequencing and a
second spot for HIV-RNA quantification. Each spot was cut in six
to eight pieces and was then eluted in 1 ml of elution buffer for
2 hours at room temperature with continuous gentle rotation.
Based on our preliminary experiments, for the elution of HBV
DNA we used a solution of phosphate-buffered saline containing
0.05% tween, whereas for the elution of HIV RNA we used the lysis
buffer provided with the Abbott m2000sp kit (Abbott Molecular,
Germany). After elution, samples for HBV DNA quantification
and sequencing underwent off board lysis with 2 ml of the lysis
buffer provided with the NucliSENS easyMAG lysis extraction sys-
tem (bioMérieux, Boxtel, Netherlands) for 1 hour at 568C, followed
by automatic magnetic nucleic acid separation using the
NucliSENS easyMAG platform. Amplification and quantification
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of HBV DNA were performed on a ABI 7500 Fast RT-PCR system
(Applied Biosystems, Warrington, UK). Amplification and quantifi-
cation of HBV DNA were performed using the ABI 7500 Fast RT-PCR
system (Applied Biosystems). Samples with detectable HBV DNA
underwent Sanger sequencing of the polymerase gene reverse
transcriptase (RT) domain (amino acids 1 to 344) and the surface
(S) gene (amino acids 1 to 226) as previously described.19 In brief,
a 1.4 kb amplicon comprising the RT and S gene was amplified by
nested PCR and sequenced using a 3730 DNA analyzer (Applied
Biosystems). Sequence analysis was performed using SeqScape
software V 2.6 (Applied Biosystem).

HIV RNA extraction was performed on the Abbott m2000sp
platform and amplification and quantification were performed
using the Abbott m2000rt system.

Statistical analysis

Significance of the associations between demographic character-
istics/risk factors for HBV infection and HBsAg status was assessed
using Pearson’s x2 test, Fisher’s exact test and Mann-Whitney U
test. A multivariate logistic regression analysis including all signifi-
cant (p,0.05) associations found in the bivariate analysis was
performed to evaluate independence of the associations. All stat-
istical analyses were performed using STATA v12.1 (StataCorp,
College Station, TX, USA).

Results
Of the 3022 HIV-infected patients who were asked to participate
in the study, 2820 consented, completed the questionnaire, were
screened for HBsAg and had DBS/DPS samples collected (93.3%
uptake) (Figure 1). The dried samples used were DPS for 78.2%
(2205/2820) of patients and DBS for the remaining 21.8% of
patients (615/2820).

Among the 2820 enrolled patients, 109 were found to be
HBsAg-positive (3.9%). The prevalence of HBsAg-positivity was
significantly higher in men than women (6.2% vs 2.9%; 54/886
vs 55/1934; p,0.001). Men had a significant greater number of
lifetime sexual partners compared to women (p,0.001);
women were more likely to have received blood transfusions
(p¼0.002), to have had cosmetic cuts (p¼0.009) and to have
had needlestick injuries (p¼0.007). The relative proportion of
females was significantly higher in the HIV-monoinfected group
compared to the HIV/HBV co-infected group (p,0.001 on both
the bivariate and multivariate analysis) (Table 1). HBsAg-positive
patients were significantly more likely to have had a higher num-
ber of lifetime sexual partners in the bivariate analysis (p¼0.009)
and this association was confirmed also in the multivariate ana-
lysis (p¼0.022) (Table 1).

Out of 109 HBsAg-positive patients, 55 (50.5%) had been on
HAART for their HIV infection for .12 months (median duration
36 months, IQR 24.5-49); 96% (53/55) of those on HAART for
.12 months were on HAART regimens including only lamivudine
as the HBV-active agent and the remaining (4%; 2/55) were on
HAART regimens including tenofovir plus lamivudine with activity
against HBV. HBV-DNA was detected in 55% (30/55) patients, all
of whom on HAART regimens that included only lamivudine as the
HBV-active agent. None of the two patients on HAART regimens
comprising tenofovir and lamivudine were found to have a detect-
able HBV VL. The median HBV-DNA VL value was 6.2 log10 IU/ml

(IQR 3.8-7). HIV-RNA was undetectable in all 30 patients that
were found to be viraemic for HBV.

HBV-DNA sequencing was successful in the 23 out of 30 patients
(77%). In all seven cases where HBV-DNA sequencing was not suc-
cessful, the HBV-DNAVL was ,1000 IU/ml (,3 log10 IU/ml). Median
duration of ART in the 23 patients where HBV-DNA sequencing was
successful was 36.5 months (IQR 29-46). The most common HBV
sub-genotype was A1, found in 83% (19/23) of patients, followed
by genotype D4 in the remaining 17% (4/23) of patients. Known
LAMr mutations were detected in 17 out of 23 (74%) patients. No
significant difference in terms of HBV VL or genotype was observed
between patients with and patients without known LAMr mutations.
Of the 17 patients with known LAMr mutations, 15 (88%) were sub-
genotype A1 infected and two (12%) were sub-genotype D4
infected. All 17 patients presented primary LAMr mutations located
in domain C of the YMDD motif, which were represented by the
mutation rtM204V (YVDD sequence) in 12 cases and rtM204I
(YSDD sequence) in five cases and at least one secondary/compen-
satory mutation. All 12 patients with the primary mutation rtM204V
had also the secondary/compensatory mutation rtL180M; five
patients had the triple mutation pattern rtM204V plus rtL180M
plus rtV173L. Of the five patients with the primary LAMr mutation
rtM204I, four presented the mutation rtL80I/V and one the muta-
tion rtV173L as secondary/compensatory mutations (Table 2).

Figure 1. Flow-chart of the study. HAART: highly-active antiretroviral
therapy; HBsAg: hepatitis B surface antigen; HBV: hepatitis B virus; VL:
viral load.
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Discussion
The 3.9 % prevalence rate of hepatitis B observed in our HIV cohort
in the southwest region of Uganda is in line with the 3.8% preva-
lence rate reported in the general population of the region in the
national hepatitis B serosurvey.2 In our HIV cohort, men had dou-
ble the prevalence of HBsAg carriage than women. This is in line
with the findings of the national serosurvey of the general popu-
lation and with the findings from other studies on HIV co-infected
patients in sub-Saharan Africa.2,20 The reasons for this difference
are not entirely clear. The fact the men are more likely to progress
to chronicity following an acute infection offers only a partial
explanation for this imbalance.21 We did not measure hepatitis
B core antibodies in this study, however, in the Ugandan hepatitis
B serosurvey, male gender was found to be an independent pre-
dictor also of lifetime HBV infection. This indicates that, compared
to women, men are more likely to come into contact with HBV.
The only risk factor for HBV infection that was found to be signifi-
cantly over-represented in the male population of our study was a
greater number of sexual partners. However, in contrast with the
hypothesis that men are more likely to be HBV-infected because of
greater sexual exposure, the 2004–2005 HIV/AIDS sero-behavioural

survey found that Ugandan women tend to marry and become
sexually active at a younger age than their male counterparts and
often have older and more sexually experienced partners.22 Also in
contrast with this hypothesis is that fact that, in Uganda as well as in
general in the rest of sub-Saharan Africa, women have a greater like-
lihood of being HIV-infected than men. Further epidemiological
studies are needed to clarify the reasons behind this imbalance.

In this study the presence of HBsAg among HIV-infected
patients was significantly associated with a greater number of
lifetime sexual partners. Sub-Saharan Africa is often collectively
referred to as a macro-region of high-endemicity for hepatitis B
infection and, in accordance to the classical model of transmis-
sion of hepatitis B in high-endemicity areas, it is generally believed
that most individuals in this region come into contact with HBV
early in childhood and that only a minority of people reach
adult life remaining naı̈ve and susceptible to the infection.23

However, different countries in sub-Saharan Africa have varying
prevalence rates of hepatitis B infection and marked differences
are also present within the same country, as reported in
Uganda by the above-mentioned national serosurvey.2,24

Universal immunisation of infants against hepatitis B was intro-
duced in Uganda in 2002. According to WHO/UNICEF estimates,

Table 1. Demographic characteristics and prevalence of risk factors for hepatitis virus infection infection in HBsAg-positive and HBsAg-negative
patients

Demographic characteristic/risk factor HBsAg positive
(109 patients)

HBsAg negative
(2711 patients)

BVA
p-value

MVA
p-value

Gender Females, % (95% CI) 50.5 (41.0–59.9) 69.3 (67.6–71.0) ,0.001 0.005
Age Years, median (IQR) 36 (31–41) 36 (30–43) NS a

Tribe Munjankole/Mukiga, % (95% CI) 86.1 (79.6–92.7) 86.6 (85.3–87.8) NS a

Muganda/Musoga, % (95% CI) 11.1 (5.2–17.1) 7.9 (6.9–8.9)
Other, % (95% CI) 2.8 (0–5.6) 5.6 (4.7–6.4)

Hx of blood transfusion Positive hx, % (95% CI) 8.2 (3–13.3) 7.6 (6.6–8.6) NS a

Hx of IVDU Positive hx, % (95% CI) 0 0.5 (0.2–0.7) NS a

Hx of needlestick injury Positive hx, % (95% CI) 16.7 (9.4–23.3) 18.8 (17.3–20.2) NS a

Hx of sharing sharps Positive hx, % (95% CI) 51.8 (42.4–61.2) 43.8 (42.0–45.6 NS a

Hx of surgical operations Positive hx, % (95% CI) 14.5 (7.9–21.2) 14.8 (13.5–16.1) NS a

Hx of body tattooing Positive hx, % (95% CI) 1.8 (0–4.3) 0.7 (0.4–1.0) NS a

Hx of cosmetic cuts Positive hx, % (95% CI) 3.6 (0.1–7.2) 4.8 (4.1–5.6) NS a

Hx of therapeutic cuts Positive hx, % (95% CI) 85.4 (78.8–92.1) 83.8 (82.5–85.1) NS a

Number of lifetime sexual partners 1 partner, % (95% CI) 9.2 (3.7–14.6) 18.9 (17.5–20.3) 0.009 0.022
2 partners, % (95% CI) 21.1 (13.4–28.8) 25.8 (24.2–27.4)
3 partners, % (95% CI) 18.3 (11.0–25.7) 17.7 (16.3–19.1)
4 partners, % (95% CI) 9.2 (3.7–14.6) 9.4 (8.3.–10.5)
.4 partners, % (95% CI) 42.2 (32.9–51.5) 28.2 (26.6–29.9)

Family hx of liver cancer Positive hx, % (95% CI) 7.3 (2.4–12-3) 4.0 (3.3–4.8) NS a

Hx of jaundice Positive hx, % (95% CI) 18.2 (10.9–25.4) 13.7 (12.4–14.9) NS a

On HAART % (95% CI) 63.6 (54.6–72.7) 61.8 (60.1–63.6) NS a

On TDF + 3TC/FTC % (95% CI) 2.7 (0–5.8) 5.6 (4.7–6.4) NS a

On 3TC only for HBV % (95% CI) 60.9 (51.7–70.1) 55.8 (54.0–57.7) NS a

BVA: bivariate analysis; FTC: emtricitabine; HAART: highly-active antiretroviral therapy; HBsAg: hepatitis B surface antigen; HBV: hepatitis B virus; Hx:
history; IVDU: intravenous drug use; MVA: multivariate analysis; NS: not significant; TDF: tenofovir disoproxil fumarate; 3TC: lamivudine.
a Multivariate analysis not performed for variables that were not significantly associated with HBsAg-positivity in the bivariate analysis.
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immunisation coverage in Uganda increased steadily until 2011
and remained stable at 78% between 2012 and 2014.25 While
the beneficial impact of this measure is likely to become evident
within a short period of time in areas, like the northeastern region,
where most infections are acquired perinatally and in early child-
hood, it may take longer to see an improvement where sexual
transmission in adult life seems to be an important modality of
infection, like in the southwestern region. In the latter case, the
addition of a catch-up immunisation programme of
sexually-active young adults could achieve a more rapid result.

Given the similar prevalence of HBsAg-positivity in our
HIV-infected cohort compared to the general population in the
same region, it is possible that even among people with HIV/
AIDS a relevant proportion of individuals are still naı̈ve and sus-
ceptible to HBV infection and would benefit from vaccination.

After a median 3 years (range 12–61 months) of HAART, 55%
(30/55) of co-infected patients in our cohort were found to be vir-
aemic for HBV with a high median VL and 31% (17/55) presented
mutations resulting in substitutions in the YMDD motif of the HBV
reverse transcriptase. All viraemic patients had been on HAART
regimens including only lamivudine as HBV-active drug. Because
HIV RNA was undetectable in all patients found to have a detect-
able HBV VL, we assumed compliance to HAART in these patients.
The rate of YMDD variants in our cohort appears lower than the
40–50% reported after 2 years of therapy with lamivudine as
the only HBV-active drug in western HIV/HBV co-infected
cohorts.6,26 The reason for such difference is not clear. One pos-
sible explanation is that, by using DPS/DBS rather than plasma
samples in our study, we might have failed to detect some
patients with low-level HBV viraemia and we might have had

more failures in HBV DNA sequencing for LAMr mutations. HBV
sequencing was successful in the majority of patients, all of
whom had HBV VL .4.2 log10 IU/ml, whereas sequencing failed
in all patients with a HBV VL ,3 log10 IU/ml.

The predominance of HBV sub-genotype A1 in our cohort
(19/23 patients, 83%) is not surprising, as A1 is known to be the
most common HBV sub-genotype in southern and eastern
Africa.27 Instead, sub-genotype D4, which we found in 4 out of
23 patients (17%), is a relatively rare finding, having been previ-
ously reported only in Kenya, Rwanda, Morocco, Brazil, Haiti,
Russia and in the Baltic region.28 The highest prevalence rates of
D4 have been reported in northeastern Brazil (28%), Haiti (17%),
Kenya (14.3%) and Rwanda (6.7%).29–32 It has been speculated
that sub-genotype D4 originated in eastern Africa, where it was
more prevalent in the past than it is today, and that its introduc-
tion in Haiti and Brazil occurred as a result of the slave trade during
the second half of the 18th century.29,30

We detected LAMr mutations in 17 of the 23 (74%) patients
who were HBV viraemic and in whom sequencing was successful.
Interestingly, in all 17 patients the primary mutations located in
domain C of the YMDD motif (rtM204I and rtM204V) were always
accompanied by at least one secondary/compensatory mutation.
It is has been reported that, in the absence of secondary/compen-
satory mutations, HBV mutants presenting substitutions in the
YMDD motif replicate less efficiently than the wild-type virus.33

We cannot exclude the presence of less efficiently replicating
lamivudine-resistance variants in the seven patients in who HBV
sequencing was unsuccessful. A total of 5 of the 55 (9%) patients
who had been on HAART with lamivudine as the only HBV-active
drug for .12 months presented the triple mutation pattern

Table 2. Characteristics of the 17 HIV/HBV co-infected patients on HAART for more than 12 months in whom HBV sequencing was successful

Patient Gender Age
(years)

HAART regimen Time on HAART
(months)

HBV VL (log10

IU/ml)
HBV sub-genotype HBV mutations associated with

resistance to lamivudine

1 F 37 3TC, AZT, LPV/r 44 5.9 A1 M204V, L180M, V173L
2 M 37 3TC, AZT, NVP 37 5.4 A1 M204I, L80I
3 F 36 3TC, AZT, NVP 15 6.6 A1 M204I, L80I, L80V
4 F 33 3TC, AZT, NVP 34 7.2 A1 M204I, L80I
5 M 47 3TC, AZT, NVP 32 6.8 A1 M204V, L180M
6 M 44 3TC, AZT, NVP 44 6 A1 M204V, L180M, V173L
7 M 53 3TC, AZT, EFV 56 6.4 A1 M204I, V173L
8 F 39 3TC, AZT, NVP 35 7 A1 M204V, L180M
9 M 38 3TC, AZT, EFV 36 4.2 A1 M204V, L180M
10 F 34 3TC, AZT, NVP 27 6.5 D4 M204I, L80I
11 M 42 3TC, AZT, NVP 13 7.2 A1 M204V, L180M
12 M 40 3TC, AZT, NVP 47 7.7 A1 M204V, L180M
13 M 39 3TC, AZT, NVP 46 6.7 A1 M204V, L180M,
14 F 48 3TC, AZT, NVP 53 7 D4 M204V, L180M, V173L
15 M 44 3TC, AZT, NVP 61 6.4 A1 M204V, L180M, V173L
16 F 26 3TC, AZT, NVP 46 7 A1 M204V, L180M,
17 M 58 3TC, AZT, NVP 61 7.7 A1 M204V, L180M, V173L

AZT: azidothymidine; F: female; HAART: highly-active antiretroviral therapy; HBV: hepatitis B virus; M: male; NVP: nevirapine; VL: viral load;
3TC: lamivudine.
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(rtM204V, rtL180M, rtV173L) that has been associated with a vac-
cine escape phenotype in chimpanzees.34 The actual clinical rele-
vance in humans of these HBV variants, often referred as antiviral
drug-associated potential vaccine-escape mutants (ADAPVEMs),
seems to be low at present. Nevertheless, from a theoretical
point of view, they represent a major public health concern.

The major limitation of our study is the limited sensitivity of
molecular testing performed on DPS/DBS samples. By using
dried spots we might have underestimated the rate of HBV vir-
aemic patients in our cohort. On the other hand, DPS/DBS are
easy to collect, store and dispatch and can represent a convenient
alternative to plasma in settings with limited laboratory capacity.
For the study of hepatitis B infection, dried fluid spots have been
mainly used in seroprevalence studies and the available experi-
ence of their employment for genotyping and VL quantification
is still limited.35–37 We have shown that this type of sample can
be effectively used for molecular analysis of HBV in large epi-
demiological studies and this represents a major strength of
this study.

In conclusion, this study demonstrated an intermediate level
of hepatitis B prevalence (3.9%) among people living with HIV/
AIDS in southwest Uganda, which is comparable to the prevalence
observed in the general population of the same region. Similarly to
other epidemiological studies conducted in sub-Saharan Africa,
this study found a significantly higher prevalence of hepatitis B
in men compared to women. The reasons for this difference
remain largely unclear. Sexual transmission seems to be a
major mode of HBV transmission among HIV-infected Ugandan
adults.

Because a substantial proportion of people living with HIV/
AIDS in Uganda seem to reach adulthood remaining susceptible
to HBV, screening for hepatitis B infection and immunity is key
to identifying individuals susceptible to HBV infection who can
benefit from vaccination. Screening for hepatitis B is also import-
ant to identify patients already infected with hepatitis B that need
to be promptly switched to HAART regimens containing tenofovir,
avoiding the development of lamivudine-resistant HBV strains and
ADAPVEMs.

Authors’ contributions: SB, AMG, RM, YB and LAW contributed towards the
conception and design of this study; RM and LAW provided and cared for
the patients and participated in collection of the epidemiological data; RM,
YB and LAW participated in collection of the biological samples; GC GMF
and AMG and contributed to the molecular virological analysis; GC wrote
the manuscript. All authors read and approved the final manuscript. GC is
the guarantor of the paper.

Acknowledgements: The authors would like to acknowledge the research
team in Mbarara, Uganda for their assistance in interviewing the
participants and collecting the biological samples.

Funding: This work was supported by grants from the Mac AIDS Fund and
the Italian Society for Infectious and Tropical Diseases (SIMIT).

Competing interests: None declared.

Ethical approval: Approval was obtained from the ethics committee of the
Mbarara University of Science and Technology before recruitment. The

Ugandan Ministry of Health approved the export of DPS/DBS samples to
the University of Liverpool for molecular testing.

References
1 Hoffmann CJ, Thio CL. Clinical implications of HIV and hepatitis B

co-infection in Asia and Africa. Lancet Infect Dis 2007;7:402–9.

2 Bwogi J, Braka F, Makumbi I et al. Hepatitis B infection is highly endemic
in Uganda: findings from a national serosurvey. Afr Health Sci
2009;9:98–108.

3 United Nations Population Division D, Affairs oEaS. World Population
Prospects: The 2012 Revision. http://esa.un.org/unpd/wpp/Demographic-
Profiles/index.shtm [accessed 24 July 2014].

4 UNAIDS. HIV and AIDS estimates (2012): Uganda. http://www.unaids.
org/en/regionscountries/countries/uganda/ [accessed 24 July 2014].

5 Thio CL. Hepatitis B and human immunodeficiency virus coinfection.
Hepatology 2009;49(5 Suppl):S138–45.

6 Benhamou Y, Bochet M, Thibault V et al. Long-term incidence of
hepatitis B virus resistance to lamivudine in human immunodeficiency
virus-infected patients. Hepatology 1999;30:1302–6.

7 Rockstroh JK, Bhagani S, Benhamou Y et al. European AIDS Clinical
Society (EACS) guidelines for the clinical management and
treatment of chronic hepatitis B and C coinfection in HIV-infected
adults. HIV Med 2008;9:82–8.

8 Kaplan JE, Benson C, Holmes KK et al. Guidelines for prevention and
treatment of opportunistic infections in HIV-infected adults and
adolescents: recommendations from CDC, the National Institutes of
Health, and the HIV Medicine Association of the Infectious Diseases
Society of America. MMWR Recomm Rep 2009;58(RR-4):1–207.

9 WHO. Antiretroviral Therapy for HIV Infection in Adults and
Adolescents: Recommendations for a Public Health Approach: 2010
Revision. http://www.who.int/hiv/pub/arv/adult2010/en/ [accessed
24 July 2014].

10 Matthews PC, Geretti AM, Goulder PJ et al. Epidemiology and impact of
HIV coinfection with Hepatitis B and Hepatitis C viruses in Sub-Saharan
Africa. J Clin Virol 2014;61:20–33.

11 Lewin SR, Ribeiro RM, Avihingsanon A et al. Viral dynamics of hepatitis B
virus DNA in human immunodeficiency virus-1-hepatitis B virus
coinfected individuals: similar effectiveness of lamivudine, tenofovir,
or combination therapy. Hepatology 2009;49:1113–21.

12 Bottero J, Boyd A, Gozlan J et al. Performance of rapid tests
for detection of HBsAg and anti-HBsAb in a large cohort, France.
J Hepatol 2013;58:473–8.

13 Davies J, van Oosterhout JJ, Nyirenda M et al. Reliability of rapid testing
for hepatitis B in a region of high HIV endemicity. Trans R Soc Trop Med
Hyg 2010;104:162–4.

14 Franzeck FC, Ngwale R, Msongole B et al. Viral hepatitis and rapid
diagnostic test based screening for HBsAg in HIV-infected patients in
rural Tanzania. PLoS One 2013;8:e58468.

15 Hamers RL, Smit PW, Stevens W et al. Dried fluid spots for HIV type-1
viral load and resistance genotyping: a systematic review. Antivir Ther
2009;14:619–29.

16 Gakhar H, Holodniy M. Use of Dried Blood Spot Samples in HCV-, HBV-,
and Influenza-Related Epidemiological Studies. Dried Blood Spots:
Applications and Techniques. Hoboken, New Jersey: John Wiley &
Sons, Inc., 2014.

17 Brambilla D, Jennings C, Aldrovandi G et al. Multicenter evaluation of
use of dried blood and plasma spot specimens in quantitative assays
for human immunodeficiency virus RNA: measurement, precision, and
RNA stability. J Clin Microbiol 2003;41:1888–93.

G. Calisti et al.

728

D
ow

nloaded from
 https://academ

ic.oup.com
/trstm

h/article/109/11/723/2461534 by M
barara U

niversity of Science and Technology user on 18 July 2022

http://esa.un.org/unpd/wpp/Demographic-Profiles/index.shtm
http://esa.un.org/unpd/wpp/Demographic-Profiles/index.shtm
http://esa.un.org/unpd/wpp/Demographic-Profiles/index.shtm
http://esa.un.org/unpd/wpp/Demographic-Profiles/index.shtm
http://www.unaids.org/en/regionscountries/countries/uganda/
http://www.unaids.org/en/regionscountries/countries/uganda/
http://www.unaids.org/en/regionscountries/countries/uganda/
http://www.unaids.org/en/regionscountries/countries/uganda/
http://www.who.int/hiv/pub/arv/adult2010/en/
http://www.who.int/hiv/pub/arv/adult2010/en/
http://www.who.int/hiv/pub/arv/adult2010/en/


18 Obirikorang C, Yeboah FA. Blood haemoglobin measurement as a
predictive indicator for the progression of HIV/AIDS in resource-
limited setting. J Biomed Sci 2009;16:102.

19 Ayres A, Locarnini S, Bartholomeusz A. HBVgenotyping and analysis for
unique mutations. Methods Mol Med 2004;95:125–49.

20 Burnett RJ, Francois G, Kew MC et al. Hepatitis B virus and human
immunodeficiency virus co-infection in sub-Saharan Africa: a call for
further investigation. Liver Int 2005;25:201–13.

21 Hyams KC. Risks of chronicity following acute hepatitis B virus
infection: a review. Clin Infect Dis 1995;20:992–1000.

22 Uganda Ministry of Health, ORC Macro., United States. Agency for
International Development et al. Uganda HIV/AIDS sero-behavioural
survey : 2004-2005. Calverton: Ministry of Health; 2006.

23 Lavanchy D. Hepatitis B virus epidemiology, disease burden,
treatment, and current and emerging prevention and control
measures. J Viral Hepat 2004;11:97–107.

24 Ott JJ, Stevens GA, Groeger J et al. Global epidemiology of hepatitis B
virus infection: new estimates of age-specific HBsAg seroprevalence
and endemicity. Vaccine 2012;30:2212–9.

25 WHO. Immunization, vaccines and biologicals. Vaccines and diseases.
Geneva: World Health Organization; 2015. http://www.who.int/
immunization/diseases/en/ [accessed 19 August 2015].

26 Matthews GV, Bartholomeusz A, Locarnini S et al. Characteristics of
drug resistant HBV in an international collaborative study of
HIV-HBV-infected individuals on extended lamivudine therapy. AIDS
2006;20:863–70.

27 Kramvis A, Kew MC. Molecular characterization of subgenotype A1
(subgroup Aa) of hepatitis B virus. Hepatol Res 2007;37(s1):S27–32.

28 Ozaras R, Inanc Balkan I, Yemisen M et al. Epidemiology of HBV
subgenotypes D. Clin Res Hepatol Gastroenterol 2015;39:28–37.

29 Barros LM, Gomes-Gouvea MS, Kramvis A et al. High prevalence of
hepatitis B virus subgenotypes A1 and D4 in Maranhao state,
Northeast Brazil. Infect Genet Evol 2014;24:68–75.

30 Andernach IE, Nolte C, Pape JW et al. Slave trade and hepatitis B virus
genotypes and subgenotypes in Haiti and Africa. Emerg Infect Dis
2009;15:1222–8.

31 Kwange SO, Budambula NL, Kiptoo MK et al. Hepatitis B virus
subgenotype A1, occurrence of subgenotype D4, and S gene
mutations among voluntary blood donors in Kenya. Virus Genes
2013;47:448–55.

32 Hubschen JM, Mugabo J, Peltier CA et al. Exceptional genetic
variability of hepatitis B virus indicates that Rwanda is east of
an emerging African genotype E/A1 divide. J Med Virol 2009;81:
435–40.

33 Zoulim F, Locarnini S. Hepatitis B virus resistance to nucleos(t)ide
analogues. Gastroenterology 2009;137:1593–608.

34 Kamili S, Sozzi V, Thompson G et al. Efficacy of hepatitis B vaccine
against antiviral drug-resistant hepatitis B virus mutants in the
chimpanzee model. Hepatology 2009;49:1483–91.

35 Jardi R, Rodriguez-Frias F, Buti M et al. Usefulness of dried blood
samples for quantification and molecular characterization of
HBV-DNA. Hepatology 2004;40:133–9.

36 Lira R, Maldonado-Rodriguez A, Rojas-Montes O et al. Use of dried
blood samples for monitoring hepatitis B virus infection. Virol J
2009;6:153.

37 Mohamed S, Raimondo A, Penaranda G et al. Dried blood spot
sampling for hepatitis B virus serology and molecular testing. PLoS
One 2013;8:e61077.

Transactions of the Royal Society of Tropical Medicine and Hygiene

729

D
ow

nloaded from
 https://academ

ic.oup.com
/trstm

h/article/109/11/723/2461534 by M
barara U

niversity of Science and Technology user on 18 July 2022

http://www.who.int/immunization/diseases/en/
http://www.who.int/immunization/diseases/en/
http://www.who.int/immunization/diseases/en/
http://www.who.int/immunization/diseases/en/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


