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Abstract

The last ten years have witnessed a significant scale-up and access to antiretroviral therapy in Africa, which 
has improved patient quality of life and survival. One major challenge associated with increased access to 
antiretroviral therapy is the development of antiretroviral resistance due to inconsistent drug supply and/or 
poor patient adherence. We review the current state of both acquired and transmitted drug resistance in 
Africa over the past ten years (2001-2011) to identify drug resistance associated with the different drug 
regimens used on the continent and to help guide affordable strategies for drug resistance surveillance. 
A total of 161 references (153 articles, six reports and two conference abstracts) were reviewed. Antiretroviral 
resistance data was available for 40 of 53 African countries. A total of 5,541 adult patients from 99 studies 
in Africa were included in this analysis. The pooled prevalence of drug resistance mutations in Africa was 
10.6%, and Central Africa had the highest prevalence of 54.9%. The highest prevalence of nucleoside reverse 
transcriptase inhibitor mutations was in the west (55.3%) and central (54.8%) areas; nonnucleoside 
reverse transcriptase inhibitor mutations were highest in East Africa (57.0%) and protease inhibitors 
mutations highest in Southern Africa (16.3%). The major nucleoside reverse transcriptase inhibitor mutation 
in all four African regions was M184V. Major nonnucleoside reverse transcriptase inhibitor as well as protease 
inhibitor mutations varied by region. The prevalence of drug resistance has remained low in several African 
countries although the emergence of drug resistance mutations varied across countries. Continued 
surveillance of antiretroviral therapy resistance remains crucial in gauging the effectiveness of country 
antiretroviral therapy programs and strategizing on effective and affordable strategies for successful treatment. 
(AIDS Rev. 2015;17:3-20)
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Introduction

With the support of international funding, more than four 
million HIV patients in Africa receive life-saving antiretro-
viral treatment1-3. This is an unprecedented success in 
medical history and represents a 100-fold increase as 
compared to the situation in Africa 10 years ago3-5. How-
ever, the widespread use of antiretroviral (ARV) drugs can 
introduce drug resistance, which eventually can make 
drugs ineffective. Drug resistance is caused by mutations 
in pathogens, which can develop when the patient uses 
insufficient or sub-quality drugs. This risk is particularly 
true in resource-limited settings (RLS), where treatment of 
diseases is challenged by drug stock-outs6,7, lack of lab-
oratory monitoring8, insufficient information for patients, 
lack of adherence to drugs9,10, use of counterfeit drugs, 
and lack of qualified medical staff, among others11. It is 
remarkable that to date there has been little attention paid 
to this evolving problem and that much-needed docu-
mentation on HIV drug resistance in Africa remains poor.

Over the past decade, worldwide antiretroviral ther-
apy (ART) coverage has been scaled up significantly 
with sub-Saharan Africa having the greatest increase 
in the number of people accessing it2,12,13. In 2010, the 
revised WHO treatment guidelines14 advocated treatment 
of patients whose CD4 count was ≤ 350 cells/mm3; these 
guidelines were revised in 201315 to initiate treatment 
at CD4 ≤ 500 cells/mm3. Whereas this immediately 
increases the number of people in need of treatment 
and costs, it is anticipated that it will reduce HIV-related 
morbidity, mortality16, and hospitalization in the long 
term. However, ART can lead to HIV drug resistance17. 
With the revised guidelines, by the end of 2011, the 
majority (> 8 million, 54%) of people eligible for ART in 
low- and middle-income countries received it, repre-
senting a 26-fold increase since 20033. 

There have been some reports on the effects of HIV 
subtype on the development of drug resistance muta-
tions (DRM). Several DRMs are more likely to occur in 
certain HIV-1 subtypes. For example, V106M occurs 
more commonly in subtype C viruses in patients treated 
with nevirapine or efavirenz than in viruses belonging to 
other subtypes because V106M requires a single base-
pair change in subtype C viruses (GTG [V] => ATG [M]), 
but a two base-pair change in all other subtypes (GTA 
[V] => ATG [M])18,19. By a similar mechanism, subtype G 
viruses are more likely to develop the protease inhibitor 
(PI) resistance mutation V82A20 and subtype A viruses 
from the countries of the Former Soviet Union develop 
G190S more commonly than any other nonnucleoside 

reverse transcriptase inhibitor (NNRTI) resistance mu-
tation. By virtue of a different mechanism, subtype C 
viruses may be predisposed to develop the nucleoside 
reverse transcriptase inhibitor (NRTI) resistance muta-
tion K65R21. However, most DRMs have been reported 
in nearly all subtypes and there is no evidence that any 
DRMs have different phenotypic effects in different sub-
types. Therefore, the nature of HIV care and treatment 
requires that monitoring strategies be dynamic and 
should blend well with prevalent subtypes22 to achieve 
maximum benefit. Furthermore, ART programs should 
be geared at achieving maximum benefit for patients 
through continuous monitoring of drug resistance to in-
form therapeutic change23. Increased access to ART in 
many African countries has brought many challenges 
regarding which monitoring of therapy response would 
be appropriate: independent virologic, immunologic, or 
drug resistance testing24-27. While many countries have 
adopted the former two, it has been shown that this may 
not be enough unless drug resistance is tested to deter-
mine the extent and to choose appropriate regimens24,27. 
The availability of affordable viral load and HIV-1 drug 
resistance testing would be best suited for patient care, 
treatment, and monitoring in resource-limited settings 
and this was strongly recommended in the new WHO 
treatment guidelines15.

According to the 2011 UNAIDS World AIDS Day report, 
there are 6.6 million people receiving treatment in low- 
and middle-income countries, nearly half of those eligible 
for therapy, and this has subsequently led to a reduction 
in AIDS-related deaths to 1.8 million (1.6-1.9 million) in 
2010, down from a peak of 2.2 million (2.1-2.5 million) 
in the mid-2000s28. One major challenge to ART scale 
up in Africa is development of drug resistance as a 
result of poor adherence, which is mainly due to failure 
to maintain uninterrupted supplies of ARVs leading to 
drug stock-outs29. In 2009 a WHO survey showed that 
38% (36/94) of reporting countries had documented at 
least one stock-out of ARV drugs in health facilities12. 
Though many of the ART country programs are donor 
funded, drug stock-outs are reported and this has been 
attributed to poor procurement and supply chain man-
agement systems in these countries29. The report further 
points out the procurement difficulties in projecting ARV 
requirements when patients start alternative first-line, 
second-line, and other pediatric regimens29 and this 
outlines the importance of investing in effective procure-
ment and supply chain management systems in Africa.

The WHO has developed a continuously updated 
consensus list of resistance mutations recommended 
for global surveillance of HIV transmitted drug resistance 
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(TDR)30,31; however, simulations have shown that TDR 
estimates can be overestimated as a result of natural 
sequence polymorphisms32. This has, therefore, called 
for a more accurate estimation of polymorphisms and 
adjustments for these in TDR surveillance studies32. A 
recent review (early 2000 to 2009) on the global prev-
alence of TDR showed prevalence in rank order: North 
America (12.9%), Europe (10.9%), Latin America (6.3%), 
Africa (4.7%), and Asia (4.2%). The TDR prevalence 
was shown to have significantly increased in Asia (p = 
0.047) and Africa (p < 0.001) and this was attributed 
to ART becoming more available in these continents33. 

The various available drug resistance interpretation 
algorithms may have a limitation as they are based on 
evaluation of each drug separately. However, the use 
of these different HIV-1 drug resistance interpretation 
algorithms (like IAS-USA mutation list of 201334, or the 
Stanford HIVdb version 4.3.0, 2007, or the Shafer list 
of 200735) was shown not to have a difference in levels of 
TDR36, but it remains important to have harmony across 
the various algorithms to get an accurate estimate of TDR. 

In this review we explore the extent and challenges 
of ART in Africa, with a focus on studies on both acquired 
and transmitted drug resistance mutations between the 
year 2001 and 2011.

Search strategies and statistical analysis

We searched for available drug resistance data in 
peer-reviewed articles written in English from PubMed, 
conference abstracts, and technical reports published 
in the 10-year period from 2001 to 2011 following the 
format published by Nkengasong, et al.37. We included 
studies in drug-naive and experienced adult, child, 
and infant patients in sub-Saharan Africa.

Analysis of the overall prevalence of drug resistance 
mutations and proportion of total mutations due to each 
class of drug (NNRTI, NRTI, PI) in each region of 
Africa was done. The pooled proportions of individuals 
with DRMs among those genotyped was done for each 
of the African regions by assessing the heterogeneity in 
the proportions between studies and where the studies 
showed significant heterogeneity by the I2 statistic, the 
random effects estimate of the pooled proportions using 
DerSimonian-Laird weighting was reported. The same 
weighting method as described above was used to 
estimate the pooled prevalence of each type of mutation 
in each of the African regions. The fixed effects (inverse 
variance) proportion as opposed to the DerSimonian-Laird 
estimates was used to estimate the pooled proportions 
for mutations that showed homogeneity within studies.

East and Southern Africa

Angola

Surveillance data on both acquired and transmitted 
drug resistance in Angola is very limited38,39. A study 
in 2001 among 196 untreated HIV-1-infected patients 
found a TDR prevalence of 1.6% (n = 2) to NRTI (M41L, 
D67N, M184V, L210W, T215Y/F) and NNRTI (K103N) 
drug resistance mutations38. A study among 35 recently 
HIV-1-diagnosed pregnant women attending antenatal 
clinics in Luanda found an overall TDR prevalence of 
5.7%, with one woman harboring NRTI (M184V) and 
NNRTI (G190A) mutations and the second woman har-
boring a G190A NNRTI mutation39. In the above two 
studies, no PI resistance mutations have been reported 
from Angola and it emphasizes the need for continued 
periodic surveillance of TDR.

Botswana

One of the earliest studies in 2001 among 71 subtype 
C-infected ART-naive individuals in 11 northern and 
southern districts of Botswana found no resistance mu-
tations to all three drug classes40. Mathematical models 
have been used to predict the evolution of drug-resis-
tant epidemics during ART roll-out in Africa, and a 
study published in 2005 predicted low rates of TDR 
(< 5%) until 2015 in RLS41. Another study based on the 
Botswana treatment program predicted that TDR could 
reach 15% by 2009 if acquired resistance rates were 
high42. Such conflicting predictions highlight the impor-
tance of effective and routine surveillance. 

As part of the 2007 national sentinel survey, the 
prevalence of TDR among women presenting for routine 
antenatal care was found to be less than 5% with no 
resistance mutations found in one site, but prevalence 
could not be ascertained using the WHO strategy at 
the second site due to small sample size43. 

Ethiopia

Similar to most other countries, information on ac-
quired and transmitted drug resistance from Ethiopia is 
limited44,45. A study among 92 ART-naive HIV-1-infected 
patients in northwest Ethiopia found one patient harboring 
the V75I NRTI mutation, two patients harbored the G190A 
NNRTI resistance mutation, and there was no PI resistance 
mutation45. A study following the WHO guidelines to ac-
cess TDR among 39 of the 75 recently infected individuals 
in Addis Ababa in 2005 found the prevalence of TDR 
below 5%, with no TDR to any of the three drug classes44. 
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Kenya

The prevalence of HIV drug resistance (HIVDR) was 
investigated among 53 Kenyans initiating therapy in 
2005 and four (7.5%) were found to harbor NRTI muta-
tions (M184V, K65R, D67N, K70R, and K219Q) and NNRTI 
mutations (K103N and Y181C)46. This study showed the 
importance of HIVDR testing prior to initiation of therapy. 
A study among 16 HIV-1-infected patients to evaluate 
treatment success and development of ART drug resis-
tance in Mombasa, Kenya, found no major protease 
mutations but 14/16 (87.5%) patients were found with 
drug resistance mutations in the reverse transcriptase. 
The M184V (n = 12), K103N (n = 9), Q151M (n = 1) 
and the K65R (n = 2) mutations were found47. 

Another study looked at the naturally occurring poly-
morphisms within the pol-integrase among 42 Kenyan 
ART-experienced and naive patients and found no pri-
mary mutations to integrase inhibitors48. The emergence 
of HIV-1 drug resistance among 32 infants born to 
HIV-1-infected mothers after six months of breastfeeding 
was found in 16 infants: 13 (81%) had at least one NRTI 
resistance mutation (M184 I/V, n = 12; K65R, n = 2; 
and D67G, n = 1), and six (38%) had NNRTI resistance 
mutations (K103N, n = 2; Y181, n = 2; and G190A, n = 2). 
No primary PI mutations were detected in any infant49.

In a multicentre study to determine the prevalence of 
transmitted drug resistance mutations (TDR) among re-
cently infected African volunteers in the coastal town of 
Kilifi in Kenya, it was found that in 64 recently infected 
volunteers, the prevalence of TDRs was 3.1% (n = 2)50. 
In this study, the two patients were males, both reporting 
having had sex with men, and one harbored the D67N 
NRTI mutation whereas the other harbored the K101E 
NNRTI mutation50. The other multicentre study among 
drug-naive individuals in six African countries including 
Kenya found an overall TDR prevalence of 4.7% (19/404) 
in the two Kenyan sites of Mombasa and Nairobi23.

A recent survey among 68 newly diagnosed HIV-
1-infected ART-naive adults in Mombasa using HIVDR 
threshold surveillance strategy found a high preva-
lence of 13.2% (n = 9) of TDR (7.4% for NNRTIs, 
4.4% for PIs, and 1.5% for NRTIs). The mutations 
K70R (n = 1) and K103N (n = 5) in reverse transcrip-
tase and I85V (n = 1), N88D (n = 1) and L90M (n = 1) 
in protease were identified51. 

Madagascar

The only study so far reported in Madagascar, 
among 31 seropositive people identified during the 

2005 HIV surveillance using the ANRS 2005 DRM list, 
identified no NRTI or NNRTI mutations, but one patient 
harbored three (M46I, I84V and L90M) PI mutations52.

Malawi

The earliest studies in samples collected between 
1996 and 2001 in 21 ART-naive Malawians did not find 
any DRMs53. A study to compare and determine the 
presence of minority resistance mutations among 47 HIV-
infected pregnant women after single-dose nevirapine 
found no major resistance mutations using the ViroSeq® 
and LigAmp® assays54. Using the WHO threshold sur-
veillance method in 2006, dried blood spots were col-
lected from HIV-positive women aged < 25 years attend-
ing primagravida antenatal clinics in Lilongwe to determine 
prevalence of TDR55. From the 54 samples that were 
sequenced, no major DRM was found for any of the three 
drug classes55. A recent PEPFAR funded study to deter-
mine the prevalence of TDR among 53 patients using the 
WHO-recommended method found no TDR mutations56.

Mozambique

Earlier studies on resistance in Maputo, Mozambique, 
were done in 58 drug-naive HIV-1-positive individuals 
eligible for ART in 2003 and no major resistance muta-
tions were detected for any of the three drug classes57. 
In the city of Beira in Mozambique, the prevalence of drug 
resistance among 43 ART-naive patients was investi-
gated in 2003 and an overall prevalence of 14% (6/43) 
in protease and reverse transcriptase mutations was 
found: PIs 2.3% (1/42, I84V), NRTIs 4.7% (2/43, V75A, 
M184I) and NNRTIs 7.0% (3/43, K103N, Y181C, P236L)58.

In 2002 among 75 HIV ART-naive pregnant women 
in Mozambique, no primary resistance to all the three 
drug classes was found59. A study done between 
2002-2004 to determine TDR in healthcare settings in 
Maputo among 144 drug-naive patients attending 
public hospitals and private clinics using the Stanford 
Genotypic Resistance Interpretation Algorithm and a 
published list of TDR mutations35 found no PI-associated 
resistance mutations in the 68 samples that were fully 
analysed60. However 5.9% (4/68) of the patients harbored 
one or more NRTI mutations (M41L, D67N, M184V, 
L210W, T215F, T215Y and K219Q) and one patient in 
addition harbored the K103N NNRTI mutation60.

Rwanda

An earlier study done in Rwanda among 43 treat-
ment-naive HIV-positive women who were about to 
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enroll in a prevention of mother-to-child transmission 
(PMTCT) program in 2000 found no TDRs61. A study 
among 37 untreated HIV-1-positive women from Rwan-
da found one woman with the G190A NNRTI mutation62. 

A multicentre study among recently infected African 
volunteers recruited between 2006 and 2009 found a 
prevalence of 7.7% (6/78) in Kigali, Rwanda50. In this 
study, one patient was found to harbor the M46L PI 
resistance mutation; there were no NRTI mutations, five 
harbored NNRTI mutations (two with L100I, two with 
K103N and one with both K103N and Y181C)50. 

Seychelles

Data on TDR is not readily available from the Sey-
chelles; however, one study among 40 remnant sera has 
shown no evidence of resistance to PI and RTI using 
the ANRS 2006 DRM list63.

South Africa

Due to the existence of an advanced healthcare sys-
tem in South Africa, there have been many published 
reports with regard to prevalence of acquired and trans-
mitted drug resistance23,64-74. In 2001 the prevalence of 
primary resistance was determined in the Limpopo prov-
ince, a region that was found to have an increased 
HIV-1 prevalence, and no DRMs were found64. 

A study among 72 treatment-naive patients (16 chil-
dren and 56 adults) found no major NRTI or PI muta-
tions; however, three patients harbored NNRTI mutations: 
one patient with A98G, another patient with K103N, 
and her partner with G190A in addition to the K103N 
mutation75. Between 2001 and 2004, 40 protease and 
35 reverse transcriptase patient sequences from ART-
naive HIV-1 subtype C-infected individuals were analyzed 
for DRMs65. There were 5% PI mutations (2.5% M46L, 
2.5% G73S) that were detected, and in the RT muta-
tions, V118I (8.5%) and Y318F (5.7%) were observed65. 
In Gauteng province between 2002 and 2004, the preva-
lence of resistance was determined using the WHO sur-
veillance methodology among drug-naive HIV-1-infected 
pregnant women73. Among the 65 samples analyzed in 
2002, none was found with any resistance mutations, 
and in 2004, 4.2% (2/48) were found to harbor T69D and 
K70R mutations73. The rapid accumulation of RTI resis-
tance mutations was shown among patients initiating ART, 
indicating prior TDR infection76. In this study, among the 
21 patients with virologic failure, only two didn’t have 
any resistance mutations, indicating poor ART adherence, 
whereas 58%, 26%, and one patient had at least two, 

three, and five NNRTI (K103N, V106M, Y181C, and V190A) 
mutations, respectively, using the IAS-USA 2007 resis-
tance list; the M184V NRTI mutation was also common76. 

In a randomized clinical trial between 2003 and 2007 
to reduce nevirapine resistance in PMTCT, NNRTI resis-
tance mutations were found in 12 of the 393 women who 
were fully analyzed: 12 had one NNRTI: A98G (n = 2), 
V101E (n = 2), K103N (n = 2), V106IM (n = 1), V108I 
(n = 1), V179D (n = 2), M230L (n = 1) and one had V106M, 
Y181C and G190A77. The prevalence of drug resistance 
among 140 HIV-1-positive treatment-naive patients in 
Cape Town was analyzed in samples collected from 
2002 to 2004 and it was found that five samples (3.6%) 
had RTI resistance mutations, of which three samples had 
NNRTI mutations68. A cohort of 120 treatment-naive HIV-
1-infected patients recruited between 2003 and 2006 in 
Cape Town showed four patients (3.3%) with NRTI mu-
tations K65R (n = 1; 0.8%) and V118I (n = 3; 2.5%) in 
addition to two patients (1.7%) with Y181C and G190A 
NNRTI mutations71. In the Free State among 425 HIV-
1-infected treatment-naive patients attending district 
centers for assessment to commence therapy in 2006, 
a low prevalence (2.3%) was found, representing nine 
patients with a total of 11 resistance mutations67. Surveil-
lance of TDR among 49 HIV-1-infected ART-naive infants 
aged < 18 months in the Western Cape Province found 
only three NNRTI mutations with no NRTI or PI muta-
tions74. In the study, the three infants with NNRTI mutations 
had received ART as part of the PMTCT program74.

An HIV-1 subtype C-specific assay was assessed to 
determine the prevalence of major integrase inhibitor 
mutations among 51 integrase-naive patient plasma 
samples (collected in 2009) and 22 ARV-naive patients 
from South Africa (collected in 2005) and no primary 
mutations associated with resistance to integrase 
inhibitors were found66. Resistance testing in young, 
newly diagnosed, treatment-naive, HIV-positive women 
in KwaZulu-Natal during the 2009 threshold survey re-
vealed that only one woman out of the 47 that were 
fully analyzed had the K103N NNRTI mutation72. Another 
study in the Limpopo province among newly diagnosed 
ART-naive patients in 2008 found a low prevalence 
(3.5%) of TDR comprising of Y181C and L33F mutations69.

In one multicentre study that included sites from 
South Africa among ART-naive adults found an overall 
prevalence of 3.6% in the three sites of Pretoria, White 
River, and Johannesburg23. In northeastern South Africa, 
the prevalence of ART drug resistance among 54 HIV-
1-infected individuals attending voluntary counseling 
and testing clinics was 9.3% (n = 5)70. Four (7.4%) 
were NRTI mutations (D67G, D67E, T69D and T215Y) 
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and one (1.9%) was a M46I PI mutation, but no NNRTI 
mutations were detected70. 

In a study to determine the long-term outcome in 
101 children receiving ART in rural South Africa, among 
23 children with virologic failure, 78% (n = 18) were found 
to have the M184V mutation whereas 52% (n = 12) had 
the K103N mutation78. A study among 44 ART-naive in-
dividuals in the Limpopo Province of northeastern South 
Africa found a prevalence of 4.5% (n = 2) with the K103N 
NNRTI mutation, but no NRTI or PI mutations were found79.

A study among 165 adults failing NNRTI-based 
regimens found 28 (17%) with no resistance mutations 
and 137 (82%) with NNRTI mutations: K103N (n = 59), 
V106N (n = 35), V108I (n = 15), G190A (n = 23), Y181C 
(n = 25), K101E (n = 12), and P225H (n = 10)80. In 
addition, the M184I/V (n = 101), K65R (n = 7) and 
thymidine analogue mutations (TAM, n = 20) were 
found, but no PI mutations were found80.

A survey among 72 seroconverters in KwaZulu-Natal 
province during the 2010 WHO surveillance found no 
TDR81. Analysis of 10 data sets including 1,618 sequenc-
es collected between 2000 and 2010 to determine 
trends in prevalence of TDR in South Africa found that 
the prevalence of TDR was highest in 2002 (6.67%; 
95% CI: 3.09-13.79%; n = 6/90), but was found to reduce 
to less than 5% after 2002 and did not have any sig-
nificant increase after 2002 to 2010. The commonest 
NNRTI mutations were K103N, Y181C and Y188C/L81.

Swaziland

Published work on the prevalence of HIV-1 TDR in 
Swaziland is also limited82,83. A study among 47 ART-
naive patient samples stored in Mbabane between 
2002 and 2003 following the WHO guidelines identified 
only one NNRTI mutation (Y181I), which was represen-
tative of < 5% prevalence; there were no NRTI or PI 
mutations detected in this population82. In another 
study in Mbabane in 2006 following the WHO truncated 
sequential sampling method, prevalence of TDR was 
assessed in 70 primigravidas aged < 25 years attending 
antenatal clinics, and there were no NRTI or NNRTI mu-
tations after analysis of the first consecutive 34 samples 
analysed83. On analysis of the first consecutive 44 sam-
ples, only one PI mutation (M46I) was identified and 
the study showed a TDR prevalence of < 5%83.

Uganda

Since the scale-up of ART in early 2000, a number 
of surveys have been carried out to determine the 

prevalence of TDR in Uganda23,84-88. A study to deter-
mine the development of phenotypic and genotypic 
resistance of ART in 150 patients on therapy in Ugan-
da showed 24 (16%) of the patients developing phe-
notypic NRTI (zidovudine and stavudine) resistance; 
22 of the 24 (92%) had genotypic resistance mutations: 
T215Y (n = 18), T215F (n = 4), M41L (n = 19), K70R 
(n = 10), D67N (n = 16), and L210W (n = 9)89. In the 
same study, 74 of 77 (96%) patients with phenotypic 
resistance to lamivudine had genotypic resistance muta-
tions: M184V (n = 64), M184M/V (n = 8), M184I (n = 2). 
There were 21 patients with phenotypic NNRTI resis-
tance and the commonest mutations were K103N/K, 
M230L, and Y188Y/H. In addition, 17 patients had PI 
phenotypic resistance, with D30N, M46I, N88S and 
L90M mutations present89. In Entebbe between 2006 and 
2007, a study to determine TDR among 37 of 46 newly 
diagnosed HIV-1-infected pregnant women aged < 
25 years found no evidence of resistance mutations 
for any of the three drug classes87. Among 104 drug-
naive, recently HIV-1-infected adults in Rakai district 
between 1998 and 2003, six (5.8%) samples had re-
sistance mutations: three NRTI (two with M41L, one 
with K219R), three PI (I47V, F53L and N88D), but there 
were no NNRTI mutations84. 

A study to document the evolution of HIV-1 drug 
resistance among 15 patients with virological failure of 
first-line ART in Uganda, 13 (86%) of the patients were 
found with lamivudine resistance mutations; the K103N 
and M184V mutations were the most common90. A 
study that combined results from four PMTCT clinical 
trials in Uganda among 80 infants using the ViroSeq 
HIV genotyping system and a sensitive point mutation 
assay found 45% (n = 36) with nevirapine resistance 
mutations: Y181C (n = 28), K103N (n = 9), Y188C (n = 3), 
G190A (n = 30), V106A (n = 2), V106M (n = 2), and 
K101E (n = 1)91. 

Among 401 drug-naive individuals initiating NNRTI-
based regimens in western Uganda, nine (2.2%) were 
found with resistance mutations: five had K103N NNRTI 
mutation, three NRTI mutations K219K/Q, T69A/D/N/T, 
M184V, and one had both NNRTI and NRTI mutations 
(T69A/D/N/T with Y181C/Y)92. In the DART trial to deter-
mine the evolution of drug resistance during 48 weeks 
of zidovudine/lamivudine/tenofovir in the absence of 
real-time viral load monitoring, of the 62 patients followed 
up, 41 had the M184V mutation and eight had the K65R 
mutation in addition to other mutations that occurred at 
lower frequencies93. Analysis of 74 HIV-1-infected children 
prior to initiation of ART showed two (2.7%) of the chil-
dren with NRTI mutations (T215A) and NNRTI mutations 
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(Y181C)94. In this study, among 12 children who initiated 
ART and had detectable viral load at week 48, all had 
the M184V NNRTI mutation. In addition, three samples 
had other NNRTI mutations: one sample each had 
K65R, D67G/T69N mutations and T251S=Y94.

A study to compare the viral rebound and emer-
gence of drug resistance in the absence of viral load 
testing using zidovudine/lamivudine plus nevirapine and 
zidovudine/lamivudine plus abacavir found that at week 
48, 88% of patients had one or more resistance muta-
tions in the abacavir arm compared to 82% in the nevi-
rapine arm93. It was also shown that the M184V mutation 
was present in all samples, except three samples in 
the nevirapine arm that had only NNRTI mutations93.

In a study among 70 newly HIV-1 diagnosed young 
individuals attending voluntary counseling and testing 
clinics between 2009 and 2010 in Kampala, the prev-
alence was 8.6% (6/70): two had NRTI mutations 
(D67G and L210W), three had NNRTI mutations (G190A, 
G190S and K101E), and one had the N88D PI mutation86. 
In a multicenter cross-sectional survey (2007-2009) in six 
African countries to determine prevalence of primary 
resistance among drug-naive HIV-1-infected adults, the 
overall prevalence in all three Ugandan sites was 11.6% 
(66/570)23. The other multicentre study (2006-2009) 
among recently infected African volunteers found an 
overall prevalence of 6.7% (6/89) in the two Ugandan 
sites: three had PI mutations (two with I85V and one with 
M46L), two had NRTI mutations (L210W and V118I), 
and two had the K103N NNRTI mutation50. In the study, 
one patient had both I85V and V118I mutations50. 

Studies among high-risk sexual behavior populations 
have been done in Uganda to determine the prevalence 
of TDR88,95. A study among 38 newly HIV-1-diagnosed 
female sex workers in Kampala between 2008 and 
2010 found a TDR prevalence of 2.6% (1/38) with the 
K103N NNRTI mutation; there were no NRTI or PI mu-
tations detected in this study88. The prevalence of TDR 
among 47 recently infected fisher-folks around the 
Lake Victoria basin in Uganda was 6.4% (3/47); only 
NNRTI mutations (two with K103N and one with V106A) 
were detected95. Early virologic failure and emergence 
of ART DRMs was documented in 14 Ugandan children 
and M184V mutation along with other mutations (E138A, 
Y181C and G190A) was shown to emerge within six 
months of early virologic failure96.

United Republic of Tanzania

In the Kagera and Kilimanjaro regions, the prevalence 
of drug resistance among 100 drug-naive HIV-1-infected 

pregnant women was investigated and found to be 7% 
(7/100): three with NRTI mutations (two with V118I and 
one with both V118I/T69D), four with NNRTI mutations (two 
with E138K, one V179E and P225H)97. Using the WHO 
surveillance methodology in Dar es Salaam between 2005 
and 2006, analysis of the first 39 dried blood spot (DBS) 
specimens found no primary mutations to any of the 
three drug classes98. The virological efficacy and emer-
gence of resistance among 22 adults on ART for one to 
four years in rural Tanzania found an overall prevalence 
of mutations M184I/V (64%), K103N (27%), Y181C 
(27%), and G190A (27%)99. 

A study to determine drug resistance among 19 chil-
dren receiving long-term ART in a rural Tanzanian hos-
pital found 11 children with RT resistance mutations: 
M184V (n = 11), Y181C (n = 4), G190A/S (n = 4) and 
K103N (n = 4) mutations were found100. The feasibility 
and reliability of using DBS to test for HIV-1 drug re-
sistance in patients who fail therapy was done in rural 
Tanzania and this showed a high concordance between 
DBS and plasma testing101,102 and the use of DBS has 
been adopted in some settings. 

The other study in Dar es Salaam was done among 
44 of 75 recently HIV-1-infected treatment-naive youths 
where three (7%) had NRTI mutations and four (9%) 
had NNRTI mutations: there were cross-resistance mu-
tations, with the first having M184V, T215F/K103N, 
Y181C, the second having M184V/K103N, the third 
with only Y181C, and the fourth with K65R/Y181C103. 
Among 88 HIV-1-infected ART-naive patients in Tanzania 
not eligible for the WHO threshold HIVDR survey, the 
prevalence of resistance was high at 14.8% (n = 13), 
with NRTI mutations present in seven patients: M41L 
(n = 2), M184I (n = 3), and one each of V75A and T215I. 
Six patients had NNRTI mutations: G190E (n = 2), 
k103n (n = 3), and one Y188H. Five patients harbored 
PI mutations: G73S (n = 2) and one each of D30N, 
V82T and V82A104.

Zambia

One of the earliest studies among 28 ART-naive 
Zambians found no TDRs; however, most patients har-
bored secondary mutations in the protease and RT 
genes105. On assessing the presence of resistance 
among patients initiating therapy in Lusaka in 2007-
2008, it was found at 5.2% (27/523 participants) among 
drug-naive patients: NRTI 1.0% (5/523), NNRTI 3.6% 
(19/523), and PI 1.1% (6/523)106. There is a study that 
compared two cohorts with HIV-1-infected therapy naive 
patients that were enrolled in 1998-2002 before the 
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rollout of ART (cohort A) and in 2005 after the rollout 
of ART (cohort B)107. Analysis of 30 patients in co-
hort A found no major mutations to any of the three 
drug classes, whereas analysis in cohort B among 
the 86 patient samples showed one (1.16%) NRTI 
(M184V) and one (1.16%) K103N NNRTI mutation107. 
Drug resistance among 26 Zambian children receiving 
adult fixed-dose combination stavudine, lamivudine 
and nevirapine found 25 (96%) with NNRTI resistance: 
22 (84%) with M184V, two (8%) with Q151M and one 
(4%) each had K65R, L74V, or K70E108. In the multi-
centre study (2006-2009) among newly HIV-1-diag-
nosed African volunteers, in 169 patients from Zam-
bia, 2.4% (n = 4) had TDR: three with NRTI mutations 
(K70R, M184V and M41L), two with the K103N NNRTI 
mutation, and one patient had both the M184V and 
K103N mutations50. The other multicentre study (2007-
2009) showed the overall prevalence of primary resis-
tance in Lusaka at 5.0% (26/525)23.

Zimbabwe

In a study among 21 Zimbabwean patients failing ART, 
17 (81%) had at least one known resistance mutation; 
seven (33%), eight (38%), and two (10%) patients had 
resistance to one, two, and three drug classes, respec-
tively109. The NRTI mutations were M184V (n = 11), 
T215Y/I/S/F (n = 8), K70R (n = 7), M41L (n = 6), and 
D67N/G (n = 6). The NNRTI mutation was Y181C (n = 2) 
and PI mutations included L90M (n = 4) and V82I 
(n = 3)109. To study the extent of breast milk shading 
of drug-resistant HIV-1 in 32 women exposed to single-
dose nevirapine, resistance profiles in the plasma was 
compared to breast milk110. In plasma, 11 (34%) wom-
en had at least one NNRTI mutation, with the K103N 
mutation being present in nine (82%) of the 11 se-
quences. Breast milk was analyzed from 20 women, 
and 13 (65%) had at least one NNRTI mutation, with 
11 (85%) of the 13 sequences harboring the K103N 
mutation110. The DART trial that included sites from 
Uganda and Zimbabwe, among 18 patients that had 
viral rebound at week 24, found that all 18 had at least 
one major NRTI mutation: four had M184V alone, and 
one had three nucleoside analogue associated muta-
tions (NAM) alone; 10 had M184V and additional 
NAMs, and three had K65R (one with T215Y, one with 
Y115F, and one K65R alone)111. A study done in 2006-
2007 among 236 HIV-1-infected drug-naive pregnant 
women attending antenatal clinics, the prevalence of 
primary resistance was 0.8% (2/236) with NNRTI 
(Y181C) and PI (I85V) mutations112. The multicenter 

study to determine prevalence of TDR among newly 
HIV-1-infected individuals found an overall prevalence 
of 2.6% (5/190) in Zimbabwe23.

From our literature search there is paucity of data on 
TDR available from countries like Comoros, Eritrea, 
Lesotho, Mauritius, and Namibia. This may be attrib-
uted to several factors that might include, but are not 
limited to, lack of the necessary infrastructure and re-
sources to carry out surveillance of TDR.

Western and Central Africa

Provision of ARVs has improved but remains much 
lower in West and Central Africa (23%) compared to 
East and Southern Africa (68%) (http://www.usaid.gov/
our_work/global_health/aids/Countries/africa/hiv_sum-
mary_africa.pdf). Reports of drug resistance among 
those newly infected and receiving ART have emerged 
and the available country estimates are discussed below. 

Benin

In a study among 129 participants from Cotonou, 
Benin, (73 selected from the general population and 
56 from commercial sex workers) of HIV-positive drug-
naive individuals, the prevalence of surveillance DRMs 
was 3.9%. No NRTI mutations were detected in this 
population. According to the WHO surveillance DRM 
algorithm, 2009, four individuals had NNRTI mutations 
(K103N [n = 3] and G190A [n = 1]), while one had 
resistance mutation F53Y113.

Burkina Faso

Several studies carried out in Burkina Faso have 
reported varied prevalence of HIV-1 drug resistance. 
In a multicenter study that included 51 antenatal clinic 
attendees in Bobo-Dioulasso, the prevalence of HIVDR 
was reported to be low in 2006114. A study in 2003/2004 
among non-HAART and HAART patients (n = 33) in 
Ouagadougou showed presence of minor mutations only 
in the non-HAART group (n = 17), while 33.3% (n = 11) 
of the HAART group harbored major NNRTI mutation 
K103N after six months of ART115. In another study 
among drug-naive patients, the prevalence of HIVDR 
was reported to be 8.2% and most patients were resis-
tant to NNRTIs116. In another multicenter study of HIVDR 
among treatment-experienced individuals in Mali and 
Burkina Faso, high prevalence of mutations was reported 
among individuals exposed to ART for > 6 months, with 
M184V/I and K103N being most common117. Studies on 
HIVDR in Ouagadougou among 75 samples collected in 
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2007 from HAART-exposed patients with suboptimal vi-
rological response showed high-level resistance to NRTI 
(85%), with dominant mutations being M41L (37.3%), 
T215F/Y (48%), L210W (34.6%), and M184V (57.3%); 
NNRTI mutations were detected in 76%, with dominant 
mutations being K103N (44.4%), G190S/A (16%), and 
Y181C/I (16%); and PI mutations (40% of 43 sequences) 
showing M46I/V/L (37.2%), V82A/T/F (30.2%), and 
L90M and I84V (18.6% each) as predominant118,119.

Burundi

In an HIV surveillance study performed in 2002 
among the general population of urban and rural districts 
of Burundi, HIV-1 subtype C was reported as the major 
circulating strain (81.2%)120. Drug resistance analysis 
among 101 pol sequences revealed presence of NNRTI 
mutation G190E (n = 1, 1%) based on the 2005 classi-
fication of HIVDR120.

Cameroon

Cameroon is one of the countries in west-central Af-
rica with the highest HIV genetic diversity and reports 
of drug resistance121,122. As early as 2004, a year after 
the WHO’s 3 by 5 initiative, a study among 79 drug-
naive individuals in Yaoundé, showed the prevalence 
of PI and RTI mutations to be 2.6 and 9.3%, respec-
tively122. Almost at the same time (2002/2003), a study 
on 57 samples collected from drug-naive individuals 
did not show major RTI mutations; only polymorphisms 
associated with drug resistance were detected in seven 
patients (12.3%). These included V118I (n = 1), G333E 
(n = 1), and G190E (n = 1) among others123. Similarly, 
another study in rural western Cameroon reported pres-
ence of PI and RTI DRM among 54 newly diagnosed 
individuals: primary PI mutations were detected in 7.4% 
and RTI mutations in 9.8%121. Another study among 
newly diagnosed patients showed a prevalence of 
7.8%, with PI mutation M46I/L being detected in two 
individuals116. A similar study carried out between 2006 
and 2007 among newly diagnosed antenatal clinic at-
tendees in Yaoundé (n = 47) and Douala (n = 34) 
showed a moderate HIVDR prevalence based on the 
WHO HIVDR threshold survey124, with detection of both 
NRTI and NNRTI mutations: D67D/N (n = 2), K103N (n 
= 2), and M184V/K101E/G190A (n = 1). 

In a study to determine baseline genotypic and phe-
notypic susceptibilities of HIV-1 group O viruses, a 
panel of 171 samples was analyzed. Presence of T20 
resistance mutations was analyzed and showed that 

98% (168/171) of samples had mutation N42D in gp41. 
Other mutations included N42S (n = 1), N42D (n = 1) 
and N43K (n = 1). One sample had no mutation125. A 
cross-sectional survey of 573 HIV-1-infected patients 
undergoing treatment at the military hospital in Yaoun-
dé showed that of the 84 successfully genotyped samples, 
the frequency of mutations increased with time of ART. The 
NRTI mutations detected included: M41L (n = 5), K65R 
(n = 2), D67G/N/S (n = 5), K70E/R (n = 5), L74V (n = 1), 
Y115F (n = 1), Q151L/M (n = 3), M184V (n = 36), T215F9 
(n = 14), and K219E/N/Q (n = 4). Observed NNRTI mu-
tations included K101E/H/N/Q (n = 8), K103N (n = 20), 
V106A (n = 4), V108I/M (n = 8), Y181C/I/V (n = 18), Y188L 
(n = 1), G190A/V (n = 8), P225H (n = 2), F227L (n = 2), 
and M230L (n = 3). No major protease mutations were 
detected126.

Data on HIVDR obtained from ART-naive individuals 
in both rural and urban areas of Cameroon (n = 369) 
between 1996 and 2007 showed an increasing preva-
lence in Yaoundé (from 0% in 1996 to 12.3% in 2007)127. 
In rural areas, the prevalence in 2006-2007 was 4.8%127. 
A study among 49 randomly selected individuals in 
southwest and northwest regions of Cameroon showed 
the prevalence of DRMs in 28 patients on therapy to be 
39% (11/28) for NRTIs, and 46% (13/28) for NNRTIs after 
a median of 12 months of therapy128. Among 21 drug-
naive individuals studied, five (24%) were infected with 
viruses that harbored genotypic DRMs, two of which 
had mutations to both the NRTI and NNRTI128.

A study to determine trends in virus evolution and 
drug resistance among 61 blood donors and HIV pa-
tients revealed presence of DRMs in 10/18 (55.5%) 
patients with ART exposure, while 19/43 (44%) drug-
naive individuals harbored mutations, but only 8/19 had 
mutations known to confer drug resistance. These were: 
M184V (n = 2), V108I (n = 2), Y181C (n = 2), K219Q 
(n = 1), V179E (n = 2), G190A (n = 1), V118I (n = 1), 
Q151M (n = 1), H221K (n = 1) and F116Y (n = 1). Among 
drug-naive individuals, observed mutations included: 
M184V/I (n = 5), TAMs (D67N, K70R [n = 2]), K103N 
(n = 3), Y181C (n = 2), G190A (n = 3), Q151M (n = 2), 
A62V (n = 2), and Y188L (n = 1). In the protease region, 
no mutation was detected in drug-naive individuals, 
but the I54L mutation was detected in ART-exposed 
individuals129. An analysis of 59 HIV-1 samples col-
lected between 2002 and 2005 in Yaoundé showed 
presence of mutations in the HIV-1 protease; two patients 
each harbored D30N and M46I mutations, respectively, 
while only one showed mutation (K219Q) in RT. In the 
RNaseH region, two samples had mutations: Q509L 
(n = 1) and Q547K (n = 1)130. Further, a 2004 survey 
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among 96 drug-naive HIV-1-infected pregnant women 
in Yaoundé showed presence of NRTI mutation L210W 
in one case. Sequence analysis of other regions of the 
HIV pol gene did not reveal presence of any other 
major mutations except for polymorphisms131.

Cape Verde

The first study to characterize the genetic diversity of 
HIV (HIV-1, n = 41, HIV-2, n = 14) in the Cape Verde 
Islands was done in samples collected in 2005 (n = 37), 
2006 (n = 14), and 2007 (n = 4)132. Drug resistance pro-
files from 41 samples with high genetic diversity showed 
presence of the M41L and K103N mutations, conferring 
resistance to NRTIs and NNRTIs, respectively, in 2/17 
(12%) untreated patients while it was detected in 3/10 
(30%) patients undergoing comprehensive ART132.

Central African Republic

In the Central African Republic, CRF06_cpx and 
CRF22_01A1 have been documented to be predomi-
nant subtypes, with the first data on HIVDR obtained 
in 2008-2009133. Though the exact number of patients 
was not reported, 12 developed resistance to either 
NRTIs, NNRTIs, or to both, while two patients on a PI-
containing regimen developed PI resistance mutations133. 
A study carried out in 2005 among antenatal clinic 
attendees in Bangui showed increased HIV-1 polymorphic 
diversity but no drug resistance mutation134. In a study 
among 242 children in Bangui who were mostly in-
fected with CRF11_cpx, 83% of 59 sequenced samples 
harbored NRTI drug resistance mutations while 85% 
developed NNRTI resistance135. Similarly, in a study to 
assess the rate of virological failure among 386 adults 
in Bangui, the prevalence of HIVDR was 76%136. 

Chad

In a study to evaluate the extent of TDR among 
newly infected antenatal clinic attendees (n = 34) in 
N’djamena, Chad, the prevalence was < 5% according 
to WHO HIVDR threshold survey124. At the time, country 
ART coverage was 27% and the 2005 HIV prevalence 
in antenatal clinics was 3.5%124. However, in a study 
among 88 infected adults on first-line ART, 56 (64%) 
had developed DRMs at six months137.

Côte d’Ivoire

Several studies in Cote d’Ivoire have documented HIV-
DR1,114,138. In a multicenter study that included 48 ante-

natal clinic attendees in Abidjan, the prevalence of HIVDR 
was reported to be < 5% in 2006114. In a study among 
395 children receiving HAART in Abidjan (Cote d’Ivoire 
HIV treatment program), it was reported that 47 of the 
68 children (69%) followed up for one year had resis-
tance mutations1. Sampling was done between August 
1998 and September 2003; the most common mutations 
were M184V/I, T215Y/F, K103N, and L90M1. In the same 
period, HIVDR among 645 adults receiving ART was de-
tected in 131 (20%), of which 115 (88%) were resistant to 
NRTIs, 42 (32%) to NNRTIs, and 28 (21%) to PIs138. The 
most common PI, NRTI, and NNRTI mutations were L90M 
(54%), M184V (75%), and K103N (95%), respectively138. 

Similarly, between 2003 and 2005, a study among 
247 HIV-infected women who had exposure to ART (for 
PMTCT of HIV) showed emergence of lamivudine re-
sistance in 15.1% and nevirapine resistance in 17.1%, 
four weeks after delivery139. The most common NRTI 
and NNRTI mutations were M184V and K103N, respec-
tively139. In blood donors, a study carried out between 
2002 and 2006 among 100 infected volunteers showed 
the prevalence of HIVDR to be 6% where all six 
patients were infected with HIV-1 CRF02_AG140,141.

Democratic Republic Congo 

The first study on the genetic diversity among uni-
formed personnel in Kinshasa in 2007 documented an 
extensive diversity of HIV-1 (n = 94), with one strain 
(1.2%) harboring a single PI mutation, I54V142. In a 
cross-sectional survey among patients on ART in four 
major cities in 2008 (Kinshasa, n = 289; Matadi, n = 198; 
Lubumbashi, n = 77; and Mbuji-Mayi, n = 103), drug 
resistance was shown in 83.9% of 93 samples that were 
successfully sequenced143. Similarly, among recently 
diagnosed individuals (n = 243), the prevalence of 
resistance was 7.9%143.

Equatorial Guinea 

In characterizing HIV strains circulating among the 
military in Malabo, a high diversity of HIV was reported 
among 41 blood samples and HIVDR was detected in 
two samples: PI mutation M46I (n = 1) and NRTI muta-
tion D67N (n = 1) from a 24-year-old woman and a 
26-year-old man, respectively144.

Gabon 

Gabon is one of West Africa’s countries with the lowest 
HIV prevalence145. A study conducted among miners 
(n = 857) at the Comilog Company in Moanda, in the 
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province of Haut-Ogouée in southeastern Gabon in 2007 
showed a prevalence of HIVDR of 0%145. Testing for 
HIVDR revealed presence of pol and RT polymorphisms 
that were not or less associated with drug resistance. 
In another study among ART-naive (n = 13) and ART-
experienced (n = 22) patients in Libreville, none of the 
ART-naive patients had HIVDR mutations, while 58% 
of treated patients (11/19) had at least one mutation 
conferring resistance to available regimens146.

Ghana

The prevalence of HIV in Ghana is relatively low 
(http://www.usaid.gov/our_work/global_health/aids/
Countries/africa/hiv_summary_africa.pdf). Few studies 
on HIVDR have been conducted: in a national ART pro-
gram between 2002 and 2004, data from 207 patients 
showed presence of RTI mutations in 20 of them147. Of the 
20, six had major resistance mutations according to 
the HIVDR guidelines at that time; five of them had been 
exposed to ART. No PI mutations were detected147. 

Guinea

In Conakry, a recent report on drug resistance among 
HIV-positive drug-naive individuals showed a preva-
lence of 8.6%148. In the report, eight major DRMs were 
reported with multi-resistant NRTIs being identified in 
one case. 

Mali and Mauritania

In a study to determine genetic diversity and drug 
resistance among drug-naive patients in Bamako, 2/98 
(2%) drug-naive patients harbored drug-resistant HIV-1; 
one patient had NRTI mutation T215S and another 
K103N. The samples were collected in 2005149. A study 
among 109 treatment-experienced patients treated 
with stavudine/lamivudine/nevirapine between January 
2004 and August 2005 in Segou showed detectable 
viral load in 26 patients after 20 months on treatment. 
Drug resistance from 22/26 patient samples that were 
amplified showed presence of mutations in 11 (50%). 
Observed mutations included: M184V (n = 10), Y181C 
(n = 6), G190A (n = 3), K103N (n = 2) and V106A (n = 1). 
No TAMs were observed in this study150. In a study 
among 97 HIV-infected children attending the Gabriel 
Toure hospital, 22/30 (73%) samples that were geno-
typically analyzed showed presence of DRMs. The 
children had been on ART for 12 months151. Observed 
mutations included: M184V/I (n = 19), K103N (n = 11), 
Y181C (n = 5), Y188L (n = 3), V106A (n = 3), K101E/Q 

(n = 1), G190A (n = 4), K70R (n = 1), D67N (n = 1) 
and L210W (n = 1). Data from a multicenter study of 
HIVDR that included treatment-experienced individuals 
from Mali showed high prevalence of mutations among 
individuals exposed to ART for > 6 months117. Pre-
dominant mutations among the 46 successfully se-
quenced samples included NRTI mutations M184V/I 
(82.6%), TAMs (TAM1, 21.7%; TAM2, 30.4%), and NNRTI 
mutations K103N (50%), Y181C (19.6%), P225H (19.6%), 
G190A/S (17.4%) and K101E (13%)117. 

Niger

The first report on ARV drug resistance among drug-
naive patients in Niamey, Niger, showed prevalence of 
resistance at 6.5%148. 

Nigeria

Several studies on drug resistance have been con-
ducted in Nigeria. In a multicenter study that included 
patients recruited between 2007 and 2009, the overall 
drug resistance among drug-naive individuals in Lagos, 
Nigeria was 1.6% (3/186)23. Of this, NNRTIs accounted 
for most mutations, with TAMs and NRTIs appearing in 
equal proportions23. In a study among drug-naive ante-
natal clinic attendees in north-central Nigeria (n = 28) 
conducted in 2007, no major PI or NRTI DRMs were 
found; however, K101E mutation was detected in one 
individual and V179E together with Y181C in another, 
making the prevalence of DRMs to be 7%152. 

In a study among 338 ART-exposed individuals from 
Lagos (Lagos State), Ibadan (Oyo State), Jos (Plateau 
State), and Maiduguri (Borno State), the most common 
NRTI mutations observed in 2005 were M184V (301, 
89.1%), K70R (91, 26.9%), D67N (75, 22.2%), T215Y 
(61, 18.0%), T215F (51, 15.1%), M41L (46, 13.6%), 
K219Q (45, 13.3%), S68G (43, 12.7%), and K65R (37, 
10.9%)153. The most common NNRTI mutations includ-
ed: Y181C (168, 49.7%), K103N (123, 36.4%), G190A 
(89, 26.3%), A98G (66, 19.5%), K101E (59, 17.5%), 
V108I (52, 15.4%), and V90I (41, 12.1%). One patient 
had virus with a major PI-resistant mutation L90M153,154. 

A study to assess DRMs among 175 treatment-expe-
rienced individuals showed high level drug resistance 
after 30.5 months of ART. In the study, 90% of patients 
had the M184V/I mutation, 62% had TAMs, while 14% had 
the K65R mutation. The NNRTI resistance mutations 
were detected in 97%, with 47% harboring etravirine-
associated mutations155. In a study among patients on 
efavirenz- or nevirapine-based therapy in Plateau state, 
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and who were in virological failure after 24 weeks, the 
prevalence of NNRTI mutations M184V/I and TAMs 
were 38.9% (37/95) and 11.6% (11/95), respectively156. 
Among NNRTI mutations, Y181C/I/V was predominant 
(26.3%) followed by K103N (18.9%), G190S/A (11.6%), 
and K101E/H/P (8.4%)156. In a study among 14/102 
infants born to HIV-infected women, 4/13 successfully 
genotyped samples had NNRTI mutations: V179I (two 
infants), Y181C, and V179E157.

Republic of Congo 

In a WHO HIVDR threshold survey among pregnant 
women from Congo, the prevalence of HIVDR in Braz-
zaville (n = 31) and Pointe-Noire (n = 44) could not be 
determined because the eligible sample number was 
not reached. This was due to serology outcome after 
sample collection, which showed that 26 samples were 
HIV-1 negative. Only 15/31 and 23/44 samples from 
Brazzaville and Pointe-Noire, respectively, were HIV-1 

positive. Since the two sites were 400 km apart, the 
samples could not be pooled to represent Congo for 
classification of HIVDR124.

Senegal

Studies on HIVDR in Senegal have documented dif-
fering outcomes among different populations. In the 
initial years of the Senegalese government initiative of 
access to ART, no major HIVDR among 68 drug-naive 
individuals was observed after a follow up of 12-30 months, 
while NRTI mutations were detected in one treated 
(1/6 tested out of 12) patient. The NRTI mutations in this 
patient included M41L, D67N, L210W, and T215Y158. 
In a study among 200 ART-naive patients, of which 96 
samples were collected between 1998 and 2001, NRTI 
drug resistance mutations were detected in four pa-
tients: K65R (n = 1), V75S (n = 1), M41L (n = 1), and 
K219N (n = 1). There were no NNRTI mutations. One 
patient had PI resistance mutation M46L. Among the 

Table 1 A. Characteristics of included studies; contribution of different classes of antiretrovirals to drug resistance mutations 
in Africa (3 regions)

Number of 
genotypes 
(number of 
studies)*

Median 
number of 

genotypes per 
study (range)

Prevalence of 
drug resistance

fraction (%)

Proportion  
of total 

mutations  
to NNRTIs

Proportion  
of total 

mutations  
to NRTIs

Proportion  
of total 

mutations  
to PIs

East Africa 1,863 (24) 59 (19-401) 138/1,863 (7.4) 66.2 26.3 7.5

Southern Africa 3,393 (34) 56 (13-548) 99/3,393 (2.9) 50.0 37.5 12.5

West and Central 
Africa

285 (39) 6 (1-20) 102/285 (35.8) 33.0 58.6 8.4

NRTI: nucleoside reverse transcriptase inhibitor; NNRTI: nonnucleoside reverse transcriptase inhibitor; PI: protease inhibitor.
Total number of studies = 99. 
*2 studies did not record number of genotypes assayed.

Table 1 B. Characteristics of included studies; contribution of different classes of antiretrovirals to drug resistance mutations 
in Africa (4 Regions)

Region Number of 
genotypes 
(number of 
studies)*

Median 
number of 

genotypes per 
study (range)

Prevalence of 
drug resistance

fraction (%)

Proportion  
of total 

mutations  
to NNRTIs

Proportion  
of total 

mutations  
to NRTIs

Proportion  
of total 

mutations  
to PIs

East Africa 1,863 (24) 59 (19-401) 138/1,863 (7.4) 66.2 26.3 7.5

Southern Africa 3,393 (34) 56 (13-548) 99/3,393 (2.9) 50.0 37.5 12.5

West  Africa 231 (33) 6 (1-20) 74/231 (32.0) 33.1 58.9 7.9

Central Africa 54 (6) 9 (5-12) 28/54 (51.9) 30.7 51.4 17.9

NRTI: nucleoside reverse transcriptase inhibitor; NNRTI: nonnucleoside reverse transcriptase inhibitor; PI: protease inhibitor.
Total number of studies = 99. 
*2 studies did not record number of genotypes assayed. N
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Table 2. Pooled prevalence of drug resistance mutations in 
Africa and in each region

Region Prevalence (%), (95% CI)

Africa 10.6 (8.1-13.4)

East Africa 7.4 (4.0-11.8)

Southern Africa 2.5 (1.7-3.4)

West Africa 46.3 (34.4-58.4)

Central Africa 54.9 (16.3-90.3)

West and Central Africa 48.6 (36.1-61.2)

Number of genotypes with WHO drug resistance mutation/total number of genotypes.

104 samples collected between 2003 and 2007, no 
DRMs were identified in RT, but PI mutations were 
present in two strains, G73S (n = 1) and I54T (n = 1)159. 
In a multicenter study that included 48 voluntary coun-
seling and testing attendees in Dakar, the prevalence 
of HIVDR was reported to be low (0/48) in 2006114.

Sierra Leone

The WHO estimates that 20-39% of HIV-infected in-
dividuals in Sierra Leone are on treatment. There is not 

much data on the diversity of HIV or treatment out-
comes in Sierra Leone. This is probably due to the past 
political instability. However, a case report of a patient 
harboring CRF02_AG with multi-NRTI resistance has 
been reported160. In this 33-year-old patient, multi-NRTI 
resistance mutations Q151M, K65R, M184I and Y181I 
were reported after 36 months of stavudine/lamivudine/
nevirapine treatment.

Togo

The prevalence of drug resistance mutations in 
Togo was reported as 10.7%, with M41L being most 
common161. In one patient, PI mutation L90M was de-
tected161. A similar study among 188 patients on first-
line ART showed the prevalence of resistance mutations 
to be 24.5%162. Of 46 patients with resistance, 25 were 
resistant to NRTIs while 12 were resistant to NNRTIs, with 
eight patients resistant to all first-line drug classes. M184V 
was the most common mutation in this population162.

Data on HIV drug resistance was available for 21 of 
the 24 west and central African countries; Gambia, 
Guinea-Bissau and Liberia had no readily available 
data. Absence of data from these countries may be 
attributed to low or absence of HIV prevalence data, 
socio-political and cultural practices.

Table 3 A. Pooled prevalence of each type of mutation in each region

NRTI
Prevalence (95% CI)

NNRTI
Prevalence (95% CI)

PI
Prevalence (95% CI)

p-value

East Africa 32.5 (18.3-48.5) 57.0 (38.6-74.5) 12.8 (5.9-21.8) < 0.0001

Southern Africa 41.1 (28.2-54.7) 46.4 (33.3-59.8 16.3 (11.0-22.3 < 0.0001

West and Central Africa 55.0 (50.6-59.4) 33.3 (27.7-39.3) 12.4 (7.0-19.0)  < 0.0001

West Africa 55.3 (51.1-59.5) 33.9 (27.6-40.4) 11.9 (6.3-19.1) < 0.0001

Central Africa 54.8 (32.1-76.5) 31.0 (16.0-48.5) 14.7 (3.2-32.7) < 0.0001

Table 3 B. Pooled prevalence of each type of mutation in each region

East Africa
Prevalence (95% CI)

Southern Africa*
Prevalence (95% CI)

West and Central Africa
Prevalence (95% CI)

p value

NRTI 32.5 (18.3-48.5) 41.1 (28.2-54.7) 55.0 (50.6-59.4) 0.005

NNRTI 57.0 (38.6-74.5) 46.4 (33.3-59.8) 33.3 (27.7-39.3) 0.003

PI 12.8 (5.9-21.8) 16.3 (11.0-22.3) 12.4 (7.0-19.0) 0.565

NRTI: nucleoside reverse transcriptase inhibitor; NNRTI: nonnucleoside reverse transcriptase inhibitor; PI: protease inhibitor.
Number of PI or NNRTI or NRTI mutations/total number of drug resistance mutations.
*For Southern Africa (PIs), the fixed effects (inverse variance) proportion was used as inconsistency between studies was not significant, I² (inconsistency) = 6.9% (95% CI: 
0-39.4%); p = 0.3528. N
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Figure 2. Prevalence of nonnucleoside reverse transcriptase inhibitor mutations.

Overall prevalence of HIV drug  
resistance in Africa

We analyzed datasets from 99 studies carried out in 
the four (East, Central, South, and Western) African 
regions. A total of 5,541 patients were included in this 
analysis. The overall proportion of DRMs to NNRTIs was 
highest (66.2%) in East Africa, whereas the highest muta-
tions to NRTIs was observed in West (58.9%) and Central 
(51.4%) Africa. The highest proportion of mutations to PIs 
was observed in Central (17.9%) and Southern Africa 
(12.5%) (Table 1 A and 1 B). The pooled prevalence of 
DRMs in Africa was 10.6% (95% CI: 8.1-13.4), and Cen-
tral Africa had the highest pooled prevalence of 54.9% 
(95% CI: 16.3-90.3) (Table 2). The highest observed 
pooled prevalence of NRTI mutations was in the West 
(55.3% CI: 51.1-59.5) and Central (54.8% CI: 32.1-76.5); 
NNRTIs was East Africa (57.0% CI: 38.6-74.5), and PIs 
was Southern Africa (16.3% CI: 11.0-22.3) (Table 3).

With respect to the contribution of the various classes of 
drugs, NRTIs were the major causes of DRMs in West and 
Central Africa, whereas NNRTIs were the major causes in 
East and Southern Africa (Fig. 1). The major NRTI mutation 
in all four regions was M184V (Fig. 2). In West and Central 
Africa, the major NNRTI mutation was K103N, in East 
Africa it was K103N and Y181C, and in Southern Africa 
it was also K103N (Fig. 3). The major PI mutation(s) in 
Central Africa was V82A, in West Africa M46I/L, in East 
Africa N88D and I85V, and in Southern Africa it was L90M. 
The regional distributions of individual subtypes and re-
combinants are broadly stable, although unique recom-
binant forms/circulating recombinant forms may play an 
increasing role in the HIV pandemic. Few subtypes, 
namely, A (A1, A2, A3, A4 and A5), C, CRF02_AG, and 
D accounted for about 85% of new infections. Subtype 
A and D have been stable in East Africa; C in Southern 
Africa; A, G, CRF02_AG and CRF06_cpx in Western 
Africa, subtype B and CRF02_AG in Northern Africa.
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Figure 1. Prevalence of nucleoside reverse transcriptase inhibitor mutations.
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With the overall regional distributions of HIV sub-
types and recombinants being stable, it was expected 
that HIV drug resistance would follow similar trends. 
However, it was observed that in West, Central, and 
Southern Africa where subtypes A, G, CRF02_AG and 
CRF06_cpx and subtype C are predominant, respec-
tively22, the major NNRTI mutation was K103N. In East 
Africa, where Subtype A and D have been stable, 
K103N, Y181C and G190A were the major NNRTI mu-
tations. The major PI mutations in each region were V82A 
in Central Africa, M46I/L in West Africa, N88D and I85V 
in East Africa and L90M in Southern Africa. This out-
come would likely be attributable to different countries 
having adopted different strategies in treating patients. 
This differences were, however, not significant.

Conclusion

This review has shown varying geographic trends of 
prevalence of DRMs in Africa, with West and Central 
Africa having predominantly NRTI mutations and East 
and Southern Africa with NNRTIs. It remains important 
to understand the geographic HIVDR trends in relation to 
subtypes and at-risk populations such as men who 
have sex with men, commercial sex workers and hetero-
sexual populations. Several published works across 
Africa have shown low levels of both acquired and 
transmitted drug resistance and this is a possible indi-
cation of successful ART roll-out in these countries. The 
increasing reports of HIVDR in some countries high-
light the importance of routine surveillance of HIVDR 
as part of national ART programs. The major cause of 
poor adherence in Africa has mainly been due to ART 
drug stock-outs as a result of poor procurement and 
supply chain practices and these have to be urgently 

addressed to improve on the ART roll-out programs. 
Unfortunately, a few countries that are affected by the 
HIV/AIDS epidemic and are rolling out therapy do not 
have resistance data and such countries should initiate 
surveillance studies before the roll-out programs are 
compromised.
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Figure 3. Prevalence of protease inhibitor mutations.
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