
 

_____________________________________________________________________________________________________ 
 
*Corresponding author: E-mail: jn.torimiro@gmail.com; 
 
 
 

Microbiology Research Journal International 
 
23(5): 1-8, 2018; Article no.MRJI.40801 
ISSN: 2456-7043  
(Past name: British Microbiology Research Journal, Past ISSN: 2231-0886, NLM ID: 101608140) 

 
 

 

Undiagnosed Chronic Hepatitis B Infection and HIV 
Type 1 Drug Resistance Profile in AIDS Patients 

Receiving Tenofovir-containing Antiretroviral 
Regimens: Considerations for Monitoring Resistant 

HIV Variants during Treatment 
 

Charles Kouanfack1,2, Mathurin Kowo3,4, Emmanuel Sako Haddison3,  
Veronica Matehbi Aletum3,5, Desire Takou5, Patrick Awoumou3,5,  

Serge Christian Tchokonte2, Samuel Sosso6, Njoya Oudou3,4  
and Judith Ndongo Torimiro3,5* 

 
1
Faculty of Medicine and Pharmaceutical Sciences, University of Dschang, Cameroon. 

2Yaounde Central Hospital, Cameroon.  
3Faculty of Medicine and Biomedical Sciences, University of Yaounde I, Cameroon.  

4
University Hospital Centre, Yaounde, Cameroon.  

5Molecular Biology Laboratory, Chantal Biya International Reference Centre for Research on 
HIV/AIDS Prevention and Management (CIRCB), Yaounde, Cameroon. 

6Clinical Diagnostic Laboratory, Chantal Biya International Reference Centre for Research on 
HIV/AIDS Prevention and Management (CIRCB), Yaounde, Cameroon. 

 
Authors’ contributions  

 
This work was carried out in collaboration between all authors. Authors JNT, NO, ESH and CK 

designed the study. Authors MK, NO, CK and SCT supervised clinical work and revised manuscript. 
Authors DT, PA, VMA, SS and JNT carried out HIV-1 sequencing, HIV-1 viral load and data analyses. 

Authors CK, VMA and JNT wrote the first manuscript. All authors read and approved the final 
manuscript. 

 
Article Information 

 
DOI: 10.9734/MRJI/2018/40801 

Editor(s): 
(1) Xing Li, Division of Biomedical Statistics and Informatics, Department of Health Sciences Research, Mayo Clinic College of 

Medicine, USA.  
Reviewers: 

(1) Tabe Franklin Nyenty, University of Ngaoundere, Cameroon. 
(2) Nélida Virginia Gómez, Buenos Aires University, Argentina. 

Complete Peer review History: http://www.sciencedomain.org/review-history/24360 

 
 
 

Received 14
th

 February 2018 
Accepted 23rd April 2018 
Published 27th April 2018 

 
 

Original Research Article 



 
 
 
 

Kouanfack et al.; MRJI, 23(5): 1-8, 2018; Article no.MRJI.40801 
 
 

 
2 
 

ABSTRACT 
 
Background: During antiretroviral therapy (ART), resistant HIV-1 variants may be selected resulting 
in clinical failure. Co-infection rate of Hepatitis B virus in AIDS patients in Cameroon is 11.8%, but 
few studies have described the profile of resistance associated mutations (RAMs) in HIV in these 
patients on first-line ART containing antiviral drugs against hepatitis B infection. Thus, we aimed to 
determine the rate of HBV infection and profile of HIV-1 RAMs in AIDS patients on ART.  
Methods:  A cross-sectional study was carried out from November 2013 to April 2014 in two AIDS 
Treatment Centres in Yaoundé, Cameroon. Ninety-six adult AIDS patients on tenofovir-containing 
regimens were tested for HBsAg by serology. Direct sequencing of amplicons generated for the 
HIV-1 protease/reverse transcriptase region, was performed for 21 HIV/HBV co-infected patients. 
The Stanford HIV Drug Resistance Database tool was used to predict RAMs, and genotyping was 
determined by phylogeny.   
Results: Overall, 21 patients were co-infected with HBV (21.9%). Eighteen (85.7%) of these were 
infected with recombinant variants, and HIV-1 CRF02_AG was most frequently identified (52.9%), 
and 15 (71.4%) harboured at least one RAM. Prediction of resistance to NNRTIs was reported in 14 
(66.7%), and among 13 (61.9%) to NRTIs, 2 (9.5%) to PIs, and 8 (38.1%) carried Thymidine Analog 
Mutations (TAMs) of M184VI (61.9%), V75I (23.8%), T215F (23.8%), M41L (19.0%) and K70R 
(19.0%).  
Conclusion: Rate of HBV infection and frequency of HIV-1 RAMs among AIDS patients on ART is 
high. The observed NNRTI RAMs may affect the susceptibility of efavirenz. Thus, the need to 
monitor HIV-1 drug resistance profile during treatment with unsuppressed viral load. 
 

 
Keywords: HIV; HBV; drug resistance; mutations; variant; co-infection. 
 

1. INTRODUCTION 
 
Human immunodeficiency virus (HIV) and 
Hepatitis B virus (HBV) infections are among the 
ten leading causes of infectious disease deaths 
worldwide [1,2]. Both viruses have similar routes 
of transmission, show a broad genetic diversity 
and co-infection poses an increased risk of life-
threatening complications [3].  While the tide of 
HIV infection is increasing in many countries in 
sub-Saharan Africa, Cameroon recorded a rate 
of 3.8% in the general population in 2016 [4]. 
Several studies have reported the prevalence of 
hepatitis B surface antigen (HBsAg) in Cameroon 
ranging between 5.4% and 19.9% over the past 
three decades [1,2,5,6,7] and a rate of overt HBV 
infection of  11.8% was reported in HIV-infected 
individuals in 2016 [8]. Meanwhile, some studies 
showed no impact on the progression to AIDS or 
on viral and immunological responses to ART in 
both HIV mono- and co-infected patients with 
HBV [9,10]. However, liver toxicity is more 
frequent among subjects with chronic HBV and 
HIV co-infection than in HIV mono-infected 
patients [11]. 
 
HIV genotypic resistance testing is not 
recommended at initiation of antiretroviral 
therapy (ART) in Cameroon [12]. However, the 
use of ART to improve the quality of life of these 
patients may result to the emergence of drug-

resistant variants [13]. The nucleoside analogues 
tenofovir (TDF), emtricitabine (FTC) and 
lamivudine (3TC) have activity on both HIV and 
HBV replication, by inhibiting reverse 
transcription (RT) and DNA polymerase activity, 
respectively [14].  
  
The 2015 National Guidelines on the Prevention 
and Management of HIV/AIDS for Cameroon 
recommend the use of TDF and 3TC (or FTC) as 
the NRTI backbone for the management of 
HIV/HBV co-infected patients [15]. The rate of 
transmitted drug resistance (TDR) of 8% has 
been reported in Cameroon [16,17,18] hence the 
central role of HIV genotypic resistance testing in 
the clinical management of patients on ART. 
Given the limited data on the clinical outcome of 
people co-infected with HIV and HBV and on 
ART in Cameroon, we, therefore, sought to 
determine the rate of co-infection, and the profile 
of HIV-1 resistance to ARVs in these patients in 
routine hospital care in Yaoundé. 
 

2. METHODS 
 

2.1 Study Design  
 
A cross-sectional study was carried out from 
November 2013 to April 2014 in two AIDS 
Treatment Centres in Yaoundé.  A questionnaire 
was administered to 96 AIDS patients in routine 
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care, who gave informed consent to obtain 
demographic data, pertinent HIV-related clinical 
observations, ART history and HIV follow-up 
para-clinical results. 
  
2.2 Laboratory Procedures 
 
Plasma specimens from 96 AIDS patients were 
tested for HBsAg by ELISA and HIV-1 RNA 
quantification by realtime PCR. Direct 
sequencing (of 21 samples of HIV/HBV co-
infected patients only) was done after reverse 
transcription and semi-nested PCR (RT-PCR) of 
the HIV-1 protease and reverse transcriptase 
region using the DNA Analyzer 3130XL (Applied 
Biosystems) to obtain an 1197 base pair 
sequence as previously described [19]. The 
sequences were assembled and edited using 
Seqscape version 2.5., aligned in BioEdit version 
5.0.6 using CLUSTAL W and compared with 
reference sequences for the major HIV-1 
subtypes and Circular Recombinant Forms 
(CRFs), available in Los Alamos National Library 
(LANL) database. Prediction of resistance of 
HIV-1 to ARV drugs was analyzed using the 
Stanford University HIV Drug Resistance 
Database tool.  
 

3. RESULTS   
 

3.1 Demographic and Clinical 
Characteristics of the Study 
Population  

 

Ninety-six AIDS patients on tenofovir-containing 
first-line antiretroviral therapy, who were unaware 
of their HBV infection status were involved in this 
study. The mean age of the 21 participants co-

infected with HIV and HBV was 37.3±10.8 years, 
and females were predominant (66.7%). CDC 
AIDS Clinical Classification varied from Stage A 
to Stage C with the majority of patients 
[12/21(57.1%)] being at Stage B.  
  
3.2 Antiretroviral Treatment and 

Adherence  
 
The duration of ART of the 21 patients co-
infected with HIV/HBV ranged from 9 months to 
44 months with an average duration of 24.71± 
9.4 months.  Twenty of the co-infected patients 
were on 2 NRTIs and 1 NNRTI following the 
National AIDS Treatment Guidelines for 
Cameroon while one patient was on a second 
line regimen of 2 NRTIs and one protease 
inhibitor. Nineteen patients (90.5%) had  
received ART for more than 12 months, while 13 
(61.9%), 4 (19.0%), 3 (14.3%) and 1 (4.8%) had 
received 1, 2, 3 and 4 different treatment 
regimens, respectively, since the initiation of ART 
(Table 1). 
 

3.3 HIV-1 Genetic Variants and Drug 
Resistance-associated Mutations 

 
3.3.1 Frequency of HIV-1 genetic variants 
 

The average plasma HIV-1 RNA level for the 21 
HIV/HBV co-infected participants was 36363.9 
(SD: 66096) copies/ml (4.5 Log10 copies/ml). 
Eighteen participants (85.7%) were infected with 
recombinant variants, while the remaining were 
non-recombinants (Subtypes D, J and K). HIV-1 
CRF02_AG was most frequently identified 
(52.4%) and CRF01_AE at a rate of 9.5%           
(Table 2). 

 
Table 1. Clinical characteristics of study population (N = 21) 

 
Characteristics Number (%) 
Classes of antiretroviral received   
Nucleos(t)ide reverse transcriptase inhibitors (NRTI) 21 (100) 
Non-nucleoside reverse transcriptase inhibitors (NNRTI) 21 (100) 
Protease inhibitor (PI) 1 (4.8) 
Duration of antiretroviral therapy (months)   
< 12 2 (9.5) 
12 to 24 9 (42.9) 
24 to 36 7 (33.3) 
≥ 36  3 (14.3) 
Antiretroviral regimen switch   
None 13 (61.9) 
Once 4 (19.0) 
Twice 3 (14.3) 
Thrice 1 (4.8) 
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Table 2. HIV-1 genetic variants 
 

HIV-1 genetic variant Number (%)  

CRF02_AG 11 (52.4) 

CRF01_AE 2 (9.5) 

CRF02_AG/F 3 (14.3) 

CRF01_AE/02_AG 1 (4.8) 

K/D 1 (4.8) 

D 1 (4.8) 

J 1 (4.8) 

K 1 (4.8) 

 
3.3.2 Rates of HIV-1 drug resistance-

associated mutations in protease-
reverse transcriptase region 

 
Of the 21 HIV/HBV co-infected participants, 14 
(66.67%) were infected with an HIV-1 variant 
with at least one mutation associated with 
resistance to NRTI or NNRTI class in their 
treatment regimen. Eighty-one percent of the 
participants (17/21) had plasma viral HIV RNA 
load ≥ 1000 copies/ml. 
  
3.3.2.1 Rates of drug resistance-associated 

mutations to nucleus (t)ide reverse 
transcriptase inhibitors (NRTIs) 

 
The most frequently detected RAM to NRTI 
included M184V/I identified in 13 patients 
(61.9%), T215F and V75I found in 5 (23.8%), 
respectively, and M41L and K70R found in 4 
(19.0%), respectively (Table 3). Among these 
patients, 8 (38.09%) had Thymidine Analog 
Mutations (TAMs), which included M184V/I, 
M41L, T215Y/F, L210W, D67N, K219E/Q, and 
K70R (Table 3). 
 

3.3.2.2  Rates of drug resistance-associated 
mutations to non-nucleoside reverse 
transcriptase inhibitors (NNRTIs) 

 

Thirteen patients (61.9%) harboured viruses that 
could modulate susceptibility of NNRTIs. There 
were eight major RAMs to NNRTIs, and the most 
frequent was K103N/S (40.9%), followed by 
Y181C/I/V (28.6%) (Table 3).  
 
3.3.2.3 Rates of drug resistance-associated 

mutations to protease inhibitors (PIs) 
 

Two (9.5%) participants had developed 
resistance-associated mutations to PI (including 
M46I/L, I84V, V82A/T/F/S and L76V) although 
only one was on second line protease inhibitor-
containing therapy.  

Table 3. Frequency of resistance-associated 
mutations of HIV-1 protease and reverse 

transcriptase region 
 

Mutation code Number (%)  

Confer resistance to NRTI   

T69D 2 (9.5) 

M41L 4 (19) 

D67N 3 (14.3) 

K70R 4 (19) 

L210W 2 (9.5) 

T215F 5 (23.8) 

K219Q/E 3 (14.3) 

K65R 1 (4.8) 

L74V 1 (4.8) 

V75I 5 (23.8) 

M184V/I 13 (61.9) 

Q151M 1 (4.8) 

Confer resistance to NNRTI    

K103N/S 9 (40.9) 

Y181C/I/V 6 (28.6) 

Y188L/C/H 2 (9.5) 

G190A/S/E 2 (9.5) 

M230L 1 (4.8) 

K101P/E 3 (14.3) 

V106A/M 1 (4.8) 

V179F 1 (4.8) 

Confer resistance to PI            

M46I/L 2 (9.5) 

V82A/T/F/S 1 (4.8) 

I84V 2 (9.5) 

L76V 1 (4.8) 
 

4. DISCUSSION 
 
HBsAg seroprevalence is more than double that 
of HIV in the general population in Cameroon, 
and > 10% of co-infection of these viruses has 
been reported.  Although HBV screening is 
recommended in routine care of AIDS patients, 
HBV acquisition and reactivation can go 
unnoticed and therefore make management of 
the patients challenging. Therefore, knowledge of 
HBV status and HIV drug resistance                      
pattern in HIV/HBV co-infected patients, would 
guide the choice of the treatment regimen and 
minimize the emergence of drug resistance-
associated mutations that may comprise 
treatment options. We, therefore, sought to 
investigate the rate of HBV infection among    
AIDS patients on ART regimens containing drugs 



 
 
 
 

Kouanfack et al.; MRJI, 23(5): 1-8, 2018; Article no.MRJI.40801 
 
 

 
5 
 

with activity against HBV infection, in two major 
AIDS Treatment Centres in Yaounde, Cameroon. 
  
We report a majority (57.1%) of the HIV/HBV co-
infected patients at CDC AIDS Clinical stage B, 
similar to the findings of Kouanfack et al. of 2012 
in Yaoundé [20], and Aghokeng et al. of 2013 
[21]. However, the rate of 21.9%  of HIV/HBV co-
infection found in this study is higher than the 
reports of Chambal et al. in 2017 of 9.1% [22] 
and of 9.8% by Fouelifack in 2012 [2],  8.99% by 
Molu et al. in 2018 [23] and 11.8% reported by 
Salpini et al. in 2016 [8]. This could be explained 
by the small sample size of our study. 
Notwithstanding, a broad diversity of HIV-1 
strains with a predominance of CRF02_AG 
(52.4%) was recorded. This is consistent with 
previous studies that have demonstrated that 
CRF02_AG is the most prevalent HIV-1 variant in 
Cameroon since the late 1990s [16,19,21]. The 
broad genetic diversity of HIV-1 implies that there 
is an increased risk of emergence of more 
complex recombinants with the propensity to 
emerge into antiretroviral drug-resistant variants 
in Cameroon. Similar studies showed that HIV-1 
recombinants predominate the AIDS epidemic in 
Cameroon with over 80% of circulating and 
unique recombinant forms (CRFs and URFs) 
[16,19].  
  
Although we could not detect when HBV infection 
occurred, we, however, reported that seventeen 
of the twenty-one patients (81%) could not 
maintain a sustained virologic response after an 
average duration on ART of 24.7+9.4 months. 
On the other hand, among HIV-mono-infected 
patients, Aghokeng et al. [21] reported 17.1% 
failing treatment after a median of 36 months of 
ART. HBV infection might reduce the response of 
HIV to ART, leading to HIV virologic failure, as 
reported in China in 2012 [24]. Another study in 
Nigeria reported by Idoko et al. in 2009 [25] 
showed a rate of 70% of HIV/HBV co-infection, in 
patients with an HIV-1 viral load < 400 copies/ml 
after a median treatment duration of 24 months. 
This could be explained by the fact that 
Aghokeng et al. and Idoko et al. described 
prospective studies with a better follow-up of 
patients and compliance to treatment, whereas 
most of our study subjects were followed-up in 
routine care services on irregular visits of their 
own schedule. 
 
The emergence of drug-resistant variants of HIV-
1 or HBV is evident with or without antiviral 
drugs. About two-thirds of our study participants 
were infected with an HIV-1 variant with at least 

one major mutation that can confer resistance to 
NRTIs or NNRTIs.  Studies on HIV mono-
infected patients reported by Ceccarelli et al. and 
HIV/HBV co-infected patients described by 
Laurent et al. [16,26] in Yaoundé, 
Sungkanuparph et al in Thailand [27] and 
Hosseinipour et al. [28] in six sub-Saharan 
African countries (including  Cameroon), found 
similar rates of M184V/I  in HIV/AIDS patients 
failing first-line ART. The M184V/I mutation is 
known to confer a high level of resistance to 
lamivudine (3TC) and emtricitabine (FTC), both 
known for their dual activity against HIV and HBV 
infection, but may increase susceptibility to 
tenofovir.  We found that patients with                   
greater than 1000 copies/ml of plasma RNA HIV-
1 viral load, accumulated RAMs and TAMs,              
and RAMs that could modulate NRTI 
susceptibility including tenofovir and lamivudine. 
This could be explained by their low genetic 
barrier in addition to the high rate of their use in 
Cameroon.  
 
Similarly, high rates of K103N/S and Y181C/I/V 
had been reported by Aghokeng et al. Ceccarelli 
et al. and Laurent et al. in Cameroon [16,20,26]. 
This could also be explained by the frequent use 
of NNRTIs and their low genetic barrier. The 
mutation K103N/S affects nevirapine and 
efavirenz susceptibility. It should be noted that 
the extensive use of nevirapine as monotherapy 
a few years ago in pregnant women for the 
prevention of mother-to-child transmission of 
HIV, could have contributed to the development 
of acquired resistance to this drug. Burda et al. 
[29] reported a similar mutation rate of K103N/S 
(46%).  
 
The Cameroon National Guidelines for HIV/AIDS 
Management recommend tenofovir and 
lamivudine (or emtricitabine) for hepatitis B 
infected patients irrespective of mono-infection or 
HIV/HBV co-infection status. Hence, the use of 
these drugs in HIV mono-infected patients could 
compromise future treatment decisions if these 
patients become co-infected with HBV. Other 
common mutations T215F (23.8%), M41L 
(19.0%), K70R (19.0%), and D67N (14.3%) were 
found in higher frequencies compared to results 
by Kouanfack et al. of 2009 [30]. The low rate of 
RAMs in the latter study could be explained by 
the close monitoring of these patients according 
to “WHO Public Health Approach”. The high rate 
of TAMs found in our study is similar to other 
studies [27,31]. The main TAMs, M41L, D67N, 
K70R, T215Y/F, D67N and M41N detected are 
known to cause cross-resistance to tenofovir, 
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which is active on both HIV and HBV. 
Germanaud et al. [32] however low levels of 
TAMs were found in ARV-treated Malian children 
and associated it to the fact that combination of 
3TC and AZT or d4T could minimize the 
appearance of TAMs. 
 

The very low proportion of PI resistance reported 
in our study is similar to findings reported by 
Ceccarelli et al. [16]. This could be explained by 
the rarity of its use in Cameroon, recommended 
only for second-line treatment and also its high 
genetic barrier. The only patient (4.8%) with PI 
mutations had never received a PI. This could be 
a transmitted RAM, but baseline genotypic 
resistance testing was not done before treatment 
initiation for more clarity in this case. Other 
surveys in Yaoundé however, showed a low level 
(<5%) of transmitted PI-resistance mutations [29] 
similar to our findings. 
  
5. CONCLUSIONS 
 

From our findings and those of other 
investigators, we highlight the importance of 
screening for HBV infection in HIV/AIDS patients 
to determine the right treatment options for 
HIV/HBV co-infected patients. Several major 
RAMs were identified in the reverse transcriptase 
region which may have an overall impact on the 
response to first-line antiretroviral therapy of 
HIV/HBV co-infected patients. However, the 
limited number of participants in our study and 
lack of data from HIV-mono-infected individuals, 
make it difficult to draw tangible conclusions. 
Notwithstanding, these data point to challenges 
in the management of patients co-infected with 
HIV and HBV with unknown HBV infection status, 
but who are being treated with antiviral drugs 
with activity against both HIV-1 and HBV. These 
data are useful for designing other studies to 
understand the clinical and virologic outcomes of 
HIV/HBV co-infected, HIV-mono-infected and 
HBV-mono-infected patients. Genotypic HIV drug 
resistance testing should be promoted during 
treatment of HIV/HBV co-infected patients in 
Cameroon.   
 

CONSENT 
 
All authors declare that ‘written informed consent’ 
was obtained from the patient for publication of 
this case report. 
 

ETHICAL APPROVAL 
 
All authors at this moment declare that all 
experiments have been examined and approved 

by the appropriate ethics committee and have 
therefore been performed by the ethical 
standards laid down in the 1964 declaration of 
Helsinki. 
 
ACKNOWLEDGEMENTS 
 
The authors acknowledge the Chantal Biya 
International Reference Centre for Research on 
Prevention and management of HIV/AIDS 
(CIRCB) for providing the funds for this study, as 
well as the research participants for their 
collaboration. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Fomulu NJ, Morfaw FLI, Torimiro JN, Nana 

P, Koh MV, William T. Prevalence, 
correlates and pattern of Hepatitis B 
among antenatal clinic attenders in 
Yaoundé-Cameroon: Is the perinatal 
transmission of HBV neglected in 
Cameroon? BMC Pregnancy Childbirth. 
2013;13:158.  

2. Fouelifack Ymele F, Keugoung B, Fouedjio 
JH, Kouam N, Mendibi S, Dongtsa Mabou 
J. High rates of hepatitis B and C and HIV 
infections among blood donors in 
Cameroon: A proposed blood screening 
algorithm for blood donors in resource-
limited settings. J Blood Transfus. 2012; 
458372.  

3. Kye-Duodu G, Nortey P, Malm K, Nyarko 
KM, Sackey SO, Ofori S, et al. Prevalence 
of hepatitis B virus co-infection among 
HIV-seropositive persons attending 
antiretroviral clinics in the Eastern        
Region of Ghana. Pan Afr Med J. 2016;         
25(Suppl 1).  

4. Cameroon UNAIDS.  
[Accessed 5 February 2017] 
Available:http://www.unaids.org/en/regions
countries/countries/cameroon 

5. Noubiap JJN, Nansseu JRN, Ndoula ST, 
Bigna JJR, Jingi AM, Fokom-Domgue J. 
Prevalence, infectivity and correlates of 
hepatitis B virus infection among pregnant 
women in a rural district of the Far North 
Region of Cameroon. BMC Public Health. 
2015;15:454.  

6. Noubiap JJN, Joko WYA, Nansseu JRN, 
Tene UG, Siaka C. Sero-epidemiology of 



 
 
 
 

Kouanfack et al.; MRJI, 23(5): 1-8, 2018; Article no.MRJI.40801 
 
 

 
7 
 

human immunodeficiency virus, hepatitis B 
and C viruses and syphilis infections 
among first-time blood donors in Edéa, 
Cameroon. Int J Infect Dis IJID Off Publ Int 
Soc Infect Dis. 2013;17(10):e832-837.  

7. Frambo AAB, Atashili J, Fon PN, Ndumbe 
PM. Prevalence of HBsAg and knowledge 
about hepatitis B in pregnancy in the Buea 
Health District, Cameroon: A cross-
sectional study. BMC Res Notes. 2014; 
7:394.  

8. Salpini R, Fokam J, Ceccarelli L, Santoro 
M-M, Nanfack A, Sosso SM, et al. High 
Burden of HBV-Infection and Atypical HBV 
Strains among HIV-infected Camero-
onians. Curr HIV Res. 2016;14(2):165–71.  

9. De Luca A, Bugarini R, Lepri AC, Puoti M, 
Girardi E, Antinori A, et al. Coinfection with 
hepatitis viruses and outcome of initial 
antiretroviral regimens in previously naive 
HIV-infected subjects. Arch Intern Med. 
2002;162(18):2125–32.  

10. Konopnicki D, Mocroft A, de Wit S, 
Antunes F, Ledergerber B, Katlama C, et 
al. Hepatitis B and HIV: Prevalence, AIDS 
progression, response to highly active 
antiretroviral therapy and increased 
mortality in the EuroSIDA cohort. AIDS 
Lond Engl. 2005;19(6):593–601.  

11. Núñez M, Soriano V. Hepatotoxicity of 
antiretrovirals: Incidence, mechanisms and 
management. Drug Saf. 2005;28(1):53–66.  

12. Gupta RK, Hill A, Sawyer AW, Cozzi-Lepri 
A, Wyl V von, Yerly S, et al. Virological 
monitoring and resistance to first-line 
highly active antiretroviral therapy in adults 
infected with HIV-1 treated under WHO 
guidelines: A systematic review and meta-
analysis. Lancet Infect Dis. 2009;9(7):409–
17.  

13. Sanjuán R, Domingo-Calap P. Mech-
anisms of viral mutation. Cell Mol Life Sci. 
2016;73(23):4433–48.  

14. Marcellin P, Asselah T, Lada O. 
Traitement « à la carte » de l’hépatite 
chronique B; 2008. 
[Accessed 11 Apr 2017] 
Available:http://www.em-
consulte.com/en/article/179177. French 

15. National Guideline on the Prevention and 
Management of HIV in Cameroon 
[Internet]. AIDSFree; 2017. 
[Accessed 4 Nov 2017] 
Available:https://aidsfree.usaid.gov/resourc
es/national-guideline-prevention-and-
management-hiv-cameroon 

16. Ceccarelli L, Salpini R, Moudourou S, 
Cento V, Santoro MM, Fokam J, et al. 
Characterization of drug resistance 
mutations in naïve and ART-treated 
patients infected with HIV-1 in Yaoundé, 
Cameroon. J Med Virol. 2012;84(5):721–7.  

17. Vergne L, Diagbouga S, Kouanfack C, 
Aghokeng A, Butel C, Laurent C, et al. 
HIV-1 drug-resistance mutations among 
newly diagnosed patients before scaling-
up programmes in Burkina Faso and 
Cameroon. Antivir Ther. 2006;11(5):575–9.  

18. Aghokeng AF, Vergne L, Mpoudi-Ngole E, 
Mbangue M, Deoudje N, Mokondji E, et al. 
Evaluation of transmitted HIV drug 
resistance among recently-infected 
antenatal clinic attendees in four Central 
African countries. Antivir Ther. 2009;14(3): 
401–11.  

19. Torimiro JN, D’Arrigo R, Takou D, Nanfack 
A, Pizzi D, Ngong I, et al. Human 
immunodeficiency virus type 1 intersubtype 
recombinants predominate in the AIDS 
epidemic in Cameroon. New Microbiol. 
2009;32(4):325–31.  

20. Kouanfack C, Aghokeng AF, Mondain AM, 
Bourgeois A, Kenfack A, Mpoudi-Ngolé E, 
et al. Lamivudine-resistant HBV infection in 
HIV-positive patients receiving anti-
retroviral therapy in a public routine clinic 
in Cameroon. Antivir Ther. 2012;17(2): 
321–6.  

21. Aghokeng AF, Kouanfack C, Eymard-
Duvernay S, Butel C, Edoul GE, Laurent C, 
et al. Virological outcome and patterns of 
HIV-1 drug resistance in patients with 36 
months’ antiretroviral therapy experience in 
Cameroon. J Int AIDS Soc. 2013;16: 
18004.  

22. 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;31:12(7).  

23. Molu JP, Essome MCN, Monamele CG, 
Njouom R. Sero-prevalence of HBsAg in 
naive HIV-infected patients in a rural 
locality of Cameroon. BMC Res Notes; 
2018. 
[Accessed 11 Jan 2018] 
Available:https://www.ncbi.nlm.nih.gov/pm
c/articles/PMC5771100/ 

24. Sheng WH, Hung CC, Chang SY, Liu CJ, 
Chen MY, Hsieh SM, et al. Differential 
clinical and virologic impact of hepatitis B 
virus genotypes B and C on HIV-coinfected 
patients receiving lamivudine-containing 



 
 
 
 

Kouanfack et al.; MRJI, 23(5): 1-8, 2018; Article no.MRJI.40801 
 
 

 
8 
 

highly active antiretroviral therapy. Clin 
Infect Dis Off Publ Infect Dis Soc Am. 
2012;54(4):548–55.  

25. Idoko J, Meloni S, Muazu M, Nimzing L, 
Badung B, Hawkins C, et al. Impact of 
hepatitis B virus infection on human 
immunodeficiency virus response to 
antiretroviral therapy in Nigeria. Clin Infect 
Dis Off Publ Infect Dis Soc Am. 2009; 
49(8):1268–73.  

26. Laurent C, Kouanfack C, Vergne L, Tardy 
M, Zekeng L, Noumsi N, et al. Antiretroviral 
drug resistance and routine therapy, 
Cameroon. Emerg Infect Dis. 2006;12(6): 
1001–4.  

27. Sungkanuparph S, Manosuthi W, 
Kiertiburanakul S, Piyavong B, 
Chumpathat N, Chantratita W. Options for 
a second-line antiretroviral regimen for HIV 
type 1-infected patients whose initial 
regimen of a fixed-dose combination of 
stavudine, lamivudine, and nevirapine fails. 
Clin Infect Dis Off Publ Infect Dis Soc Am. 
2007;44(3):447–52.  

28. Hosseinipour MC, van Oosterhout JJG, 
Weigel R, Phiri S, Kamwendo D, Parkin N, 
et al. The public health approach to identify 
antiretroviral therapy failure: High-level 
nucleoside reverse transcriptase inhibitor 
resistance among Malawians failing first-
line antiretroviral therapy. AIDS Lond Engl. 
2009;23(9):1127–34.  

29. Burda ST, Viswanath R, Zhao J, Kinge T, 
Anyangwe C, Tinyami ET, et al. HIV-1 

reverse transcriptase drug-resistance 
mutations in chronically infected individuals 
receiving or naïve to HAART in Cameroon. 
J Med Virol. 2010;82(2):187–96.  

30. Low levels of antiretroviral-resistant HIV 
infection in a routine clinic in Cameroon 
that uses the World Health Organization 
(WHO) public health ap... - PubMed - 
NCBI.  
[Accessed 30 Mar 2018] 
Available:https://www.ncbi.nlm.nih.gov/pub
med/?term=Kouanfack+C%2C+Montavon+
C%2C+Laurent+C%2C+Aghokeng+A%2C
+Kenfack+A%2C+Bourgeois+A%2C+et+al
.+Low+levels+of+antiretroviral-
resistant+HIV+infection 

31. Kumarasamy N, Madhavan V, Venkatesh 
KK, Saravanan S, Kantor R, Balakrishnan 
P, et al. High frequency of clinically 
significant mutations after first-line generic 
highly active antiretroviral therapy failure: 
implications for second-line options in 
resource-limited settings. Clin Infect Dis 
Off Publ Infect Dis Soc Am. 2009; 
49(2):306–9.  

32. Germanaud D, Derache A, Traore M, 
Madec Y, Toure S, Dicko F, et al. Level of 
viral load and antiretroviral resistance after 
6 months of non-nucleoside reverse 
transcriptase inhibitor first-line treatment            
in HIV-1-infected children in Mali. J 
Antimicrob Chemother. 2010;65(1):118–
24.  

_________________________________________________________________________________ 
© 2018 Kouanfack et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sciencedomain.org/review-history/24360 


