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Abstract

Antiretroviral therapy programs in Africa are currently providing treatment for almost two million people.
The long-term success of large scale antiretroviral therapy programs in sub-Saharan Africa remains
uncertain because of the limited information currently available on rates of virologic failure and selec-
tion for drug-resistant variants in the different HIV subtypes. This article provides a comprehensive
review of the published literature on the prevalence of primary and secondary HIV drug resistance with
different subtypes and in various settings across sub-Saharan Africa. (AIDS Rev. 2009;11:59-70)
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10% of individuals on ART are currently receiving pro-
tease inhibitor (PI) regimens.

There is growing concern about the potential for
significant levels of drug resistance with expanded
access to ART due to (i) the lack of routine virologic
monitoring, such that patients are more likely to remain
on a failing regimen for a prolonged period, allowing ac-
cumulation of drug resistance mutations3#, and (ii) rou-
tine use of single-dose NVP for prevention of mother to
child transmission (PMTCT) of HIV, which may compro-
mise the effectiveness of first-line NNRTI-based regimens

most cormmonly prescribed for inital first-line therapy because it is associated with a significant rate of NNRTI-
in sub-Saharan Africa include either zidovudine (AZT ted mutations®. The pltimate impact of widespread

)
or stavudine (d4T) plus IamiN@)‘n é—@ V@}ﬁ (ﬂq Pgt u EEQQ{E@M)\/JJ@@ME} Eins largely hypothetical and

nonnucleoside reverse transcriptase inhibitors (NNRTH), requires documentation. In fact, some early evidence

either nevirapine (NVP) or efavirre@b(FB\@?ULfésdh?jwr @bl@ﬂf@@ Wﬁ@be feasibly administered [fh re-

source-limited settings without a laboratory infrastruc-
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The Joint United Nations Program on HIV/AIDS (UN-
AIDS) recently estimated that in sub-Saharan Africa
there are 22 million individuals infected with HIV and
seven million in urgent need of treatment'. In the last
few years there has been a rapid rollout of antiretrovi-
ral therapy (ART) in the resource-limited settings of the
world? that has provided treatment for 2.1 million peo-
ple in Africa alone'. The ART regimens available and
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Figure 1. Map of the world showing the various HIV subtypes prevalent in different regions. Image reproduced from AIDS Rev. 2003;5:205-13.

In general, the evidence suggests that the regimens
available in Africa select for similar drug-resistant
mutations as for the HIV-1 subtype B°. However, there
is still limited information on the HIV-1 resistance pat-
terns in non-B subtypes, and subtype differences
may influence reverse transcriptase (RT) genotypic
diversity and, therefore, the emergence of drug re-
sistance!®1.

In this report, we review the prevalence and patterns
of phenotypic and genotypic resistance to the cur-
rently available HIV drugs in different subtypes and
different regions of sub-Saharan Africa over time. Our
approach was to search the published literature from
PubMed from 1995 to 2007 using the following key
words: antiretroviral therapy, resistance, and-Africa. We
identified 127 articles, of WN:@
be relevant. For each of the studies, we abstracted core
data items: country of study pob@l?)fp@di[ﬂ(\:/@t@
failure, number of patients studied, most prevalent or

tested HIV-1 subtypes, fre%ﬁﬂ%@ﬂtﬂfh@‘ ?{y@?/

genotypic resistance and resistance patterns; natural
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Antiretroviral therapy has been beneficial
in Africa

Despite early concerns that the widespread availability
of ART would result in significant rates of treatment failure,
most ART programs in Africa have so far reported rates
of virologic and immunologic responses comparable to
those observed in the developed world®. Long-term theo-
retical models for ART have shown substantial declines
in mortality rates, HIV incidence rates, and ultimately HIV
prevalence. If high rates of ART were also accompanied
by reductions in risky behavior, then it is estimated that
the HIV incidence would also fall significantly™. In a
review of treatment outcomes from different sites in

ica, Akileswaran® reported that the median propor-
Eb[ 6 iehts Wﬁ@ééﬁﬂeed undetectable viral loads
by the end of the study period was 73%. Good health
ighéVels of treatment adherence were
comparable to those of industrialized countries®'3,

t? ?@crﬁﬂ ﬁ?ﬁlnsmute (IDI) in Kampala,
enter of excellence for HIV care, less than

polymorphisms, and frequency of secon QT/ ﬁ& émo- ug@g pﬂhéﬁ were on ART before May 2004. In August
typic/genotypic resistance and resistance patter ep l e massive expansion of available ART, more

objective was to describe resistance patterns by sub-

than 10,000 patlents had registered for care within

T PRTANYEr PUBEaHOHE 28 B



Hakim Sendagire, et al.: The Challenge of HIV-1 Antiretroviral Resistance in Africa in the Era of HAART

Global Fund and the World Bank Multi-country AIDS
program, by the end of 2007 the clinic had provided
ART to 6,451 patients. Analysis on a subgroup of pa-
tients who were participants in a more closely monitored
research cohort showed that 556 (82%) of 676 who
completed 12 months on ART had achieved viral sup-
pression to < 400 copies/ml™.

At the same time, there has also been more than a
50% reduction in vertical transmission of HIV from mother
to infant at the time of delivery through the administration
of single-dose NVP. The effectiveness of single-dose
NVP when used in successive pregnancies is an area
of active research, with preliminary evidence suggesting
that viral resistance selected by prior exposure to
single-dose NVP may wane with time®. Other treatment
programs have also examined the efficacy of regimens
other than NVP, and found comparable results with
AZT'817_ There were no mutations associated with a short
course of AZT in a randomized study of 240 patients
on AZT vs. placebo in Cote d'lvoire, and no adverse
HIV-1 virologic consequences for either mother or
baby'®"7. Comparable results between AZT and NVP
have also been reported from Uganda'®.

HIV-1 genes are highly polymorphic
in African subtypes

Genetic differences between subtypes
do not initially impact antiretroviral
therapy clinical outcome, but could
subsequently predispose to development
of resistance

The distribution of HIV subtypes varies widely in dif-
ferent parts of the world, with A, C, and D predominant
in Africa, and subtype B in the western world. Studies
have reported on the highly polymorphic nature of the
non-B subtypes, such that some wild-type viruses har-
bor mutations on sites that are otherwise associated

outcome, and all the studied non-B subtypes were fully
sensitive to ART?.

Although many of the naturally occurring polymor-
phisms in C and A subtypes are not associated with
phenotypic drug resistance on their own, there is evi-
dence that they may amplify the effects of drug-resistant
mutations such as V82F/I84V?6. In a study from Ethiopia,
the RT sequences of subtype C isolates had a KVEQ-
specific motif of silent amino acid mutations at sites 65,
106, 138, and 161, respectively. These mutations were
associated with broad phenotypic cross-resistance, par-
ticularly against NVP and delavirdine®’. These drug-re-
sistant variants were more rapidly selected at lower drug
doses in culture with subtype C than with subtype B
wild-type isolates. In subtype C, there were similar mu-
tations in RT as observed with subtype B (e.g. K103N,
V106A, V108I, and Y181C) as well as previously unseen
mutations, i.e. V106M and S98I, which were selected
rapidly by NVP and/or EFV together with a multidrug
resistance mutation A62V%’. As a result, it is now under-
stood that ART may drive the evolution of resistance
differently in the various HIV subtypes?2°.

Primary mutations associated
with nucleoside reverse transcriptase
inhibitor resistance

Some of the primary nucleoside reverse transcriptase
inhibitor (NRTI) mutations found in HIV subtypes from
Africa are T6IN/T, A62V, and M184V in various sub-
types in Cameroon, M41L and M41L+T69S in Burkina
Faso and Cameroon®, and K65R in subtype C in Dji-
bouti®!. Other mutations have been found at positions
118, 211, and 214 in subtype C in Malawi®* and posi-
tions 179, 211, and 214 in multiple subtypes, but main-
ly subtype A, in Uganda®. In one Ethiopian subtype C
isolate, the mutation K70R associated with resistance
to AZT and tenofovir, was susceptible phenotypically?’.
The D123N plus 1135V mutations were observed in

with resistance in B subtypes. . &RFOZ_AG isolates fror&Cote d'lvoire, which showed
The various subtypes (A, ?{%sz@,r}-t ﬂﬁREbﬂ_S\@U L|§ﬁ1£b@@a5@c@yr. Gbstitutions at positions 20,

that were studied in Cameroon and Uganda harbored
virtually no primary mutations wtgh
subtype C in Botswana and South Africa’®23. Minor

mutations were seen in Wgﬁﬁ‘dﬁ%tmtt]t%gw@?f

patients infected with various African su multi-
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36, 63, and 82 were also associated with some degree
lagotentially crucial role of the V82|
substitution in résistance to atazanavir®*.
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utations associated

ple polymorphisms were detected?. A total ffZLaHD ly- LMFI ?f#[pucleoside reverse transcriptase
morphisms were identified in the pol gene& 7' éop }é tor'resistance

tease and 96 in RT), with a mean of 9.0 in protease
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NNRTI, other isolates (CRFO1_AE, CRF02_AG and C)
from Cote d'lvoire were all sensitive to NNRTI3*, Major
resistance mutations (V106A/V and V1081) were found
in eight of 97 treatment-naive individuals from Burkina
Faso and Cameroon infected with various subtypes®.
However, an Ethiopian subtype C isolate that naturally
harbored the G190A mutation had high-level resis-
tance to NVP?7. Primary mutations found elsewhere
include: K103N in one strain in the Democratic Republic
of Congo (DRC)%, P236L and V1081 in Cameroon®,
K101E, K103T in subtype C, L100I and G190V in
CRF02_AG in Djibouti®'.

Primary mutations associated
with protease inhibitor resistance

High numbers of polymorphisms in the protease (PR)
coding region before ART have been reported from
many studies. In a study from Rwanda, these included
substitutions in secondary PR resistance sites in the
following subtypes: PR 35D, 36l, and 37N were always
present within subtype A, and PR 93L in subtype C
strains. The polymorphisms 10I/V, 20R, 33F, and 77V
were frequently found (11, 6, 1, and 1 of 34 respec-
tively) in subtype A, and PR 36l was highly prevalent in
subtype C strains. The A/C recombinant displayed sub-
stitutions known to be related to resistance (PR 10, 33,
36, and RT 118)%. In Uganda, frequent polymorphisms
were detected at positions 36 and 69. Most of the sub-
type A isolates had the amino acids DKKM at positions
35, 57, 69, and 89, whereas most subtype D sequences
had the amino acids ERHL at these positions®. In sub-
type C isolates from Malawi, minor mutations were
found at positions 10, 20, 36, 63, 77, and 93%. Other
mutations found were M461/L and L33F in various sub-
types from Burkina Faso and Cameroon®® and N88D
from at least one strain of subtype C and D in Dji-
bouti®'. Minor mutations L90OM and M46L were also
identified in the protease genes of recombinant sub-
types involving 2-5 subtypes from treatment-naive HIV-
infected individuals in thiill&r@aﬁﬁc(ﬁe

Congo®. Mutations associated with resistance to ata-

zanavir were frequently seen in 1;’!@)’5)“5@(@1@@@@13@![’

occasionally in CRF02_AG®.
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with non-B subtypes after ART initiation from various
countries across sub-Saharan Africa. Overall, the re-
sistance patterns were similar to those with subtype B
infections in North America and Europe. This therefore
supports similar treatment approaches to those used
for subtype B infections®’.

The observed rapid emergence of drug resistance
with the initial availability and use of ART prior to the
global rollout was associated with poor adherence to
treatment regimens, in part related to treatment costs*?,
and poor treatment guidelines involving dual therapy3%4.
There were also some subtype-specific factors. For
example, there was a higher frequency of resistance
with subtype D (21/33) than subtype A (7/25) infected
individuals in Uganda®. In a study from Zimbabwe,
81% (17/21) of subtype C patients rapidly developed
drug resistance mutations within about two months of
ART initiation. Mutations at 15 RT and 11 PR positions
were more common in subtype C than subtype B iso-
lates®®,

Unplanned treatment interruptions, usually among
patients who were unable to continue payment for their
drugs, were associated with a high rate of virologic
failure in many studies*344. In Kigali, Rwanda, 26 (43%)
of 60 patients had virologic failure with a viral load
> 1,000 viral copies/ml, and 11 of the 26 presented with
major drug resistance mutations, mainly because of the
high frequency of treatment interruptions*. Drug resis-
tance was observed in 58% of a patient cohort from
Gabon after a mean of 17.7 months of ART drug expe-
rience, and in 21 of 128 (16.4%) patients after a me-
dian ART treatment period of 10 months in Cameroon.

Among ART-treated patients in Uganda with sub-
types A and D and > 1,000 viral copies/ml, 61 of 94 (65%)
patients who had phenotypic testing had evidence of
phenotypic resistance, including resistance to a NRTI
in 51 of 92 (55%), to NNRTI in nine of 16 (56%), and
to a PI for eight of 37 (22%)%". In a further study from
Uganda, of the ART-resistant isolates, 68% had three or

re mutations in the RT gene. Resistance mutations in
B( 6&3@\@3@ IEEEaDYe leht, but only 34% of the pa-
tients were receiving a Pl upon sample collection®. Of
qq?ygSenegal, 39% of patients tested
had resistance to drugs that they had never received?.

Development of resi\!s\{lathQ QetchaR,” or Ws@EE%QaBenﬁmé lcsnlw(s), r:J)ssociated
to antiretroviral therapy in Africa Of Th e meA?éﬁfé:(eoside reverse transcriptase

in different subtypes
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resistance

ypic resis-
tions were

63



AIDS Reviews. 2009;11

(panunuoo)

(¢ =u) A9l
(¢ =u)0/36ley
(€=u)12.4 O
(9 =u) motel -
(LL=u) 1PN
(8¢ = U) d¥127 O
(o€ = u) N9Q
(L=U)ALLY (L =u)LHsrL — N
(1 =u) I12en (I =u)ary D) o w
(£ =u) AR\IOLT (1 =u) 1G/A (65171 = u) O -—
(6 = U) de9 (2 = W) WISLD o/diouet >~ o A -
(05 = u) 19N (¥ = U) HS9M um (71e/98 = u) (qe] — (%! O
"14V [enp Jo &sn (1 =u) A8l (81 = u) APSIIN JUBPJOOUOD soousnbas o .W?ofm e of
0} 8NP BOUEISISa (1 =u) No6 (1 = u) NEOIY (0g = u) oM syjuow 9 synsal a|qezAleUY 0002 udy ¢ (9849 660 HOA| D
[on8l-yBiH (1 =u)19vW (¢ =) v061D (87 = u) J/ASIeL 1sea| Iy o/dAjousyd iz || -866KBNY  Cwes) AW, g ©
'g UBY} O Ul UOWWOD (e =u)se/d (9 =u) H/NLoa a m aﬂu Nes o
sJow suomisod (z=Uu) 1017 (9 =u) 1IN U @) +— W s =
esesjold || pue (€ =U)ALL (£ =U) HoLM (Selle = u) = c X - b
oseydiosuel) (7 = U) Hoey (8 = u) 4/S/I/ASI 2L suoneINw O o = S
asianal (€ = ) 1287 (LL=U)AVBIN  Ppeyoads JUEISISoY S _ = N |
Gl 1e suonen|y (¥ = U) W06 (2 =U) 0I8IA (Le/L = u) euoN 10N - Ge Gz O w w@%gpp
A o B e
(e =u) W06 — (<P o + «
(e =U) A/N/88N ] O -
(L=u)Av8l = > O O D
(£ = U) ¥28A B = =
(L=U) 1A T = o (ann
(L=u)1€/9 qe) o =
(k= u) AVILY o v O 4 ®)
(€ = WAPSI (r2 =) ®) — m
(€=u)moyin (2 =) 1/doged IIN Av8HIN = (1= 5.%
‘g edfigns o1 (0L =u) 196N (I =U) H/dOBIA (6 =u) MOt2 (%cz) L&/8 1d (e=uv) e
Te|IwIS olom (e=u)izen (2 =U) D/AIBLA (91 =u) N9a (%96) (¥ =u)an (D)
sulelied souelsisel (9 = u) N/doea (1 =) 1/180kA (01 = u) HoZM 91/6 ILHNN (ev=u)a L
oidAlousb (8= U) Y/LINAOZY (0L = UN/MEOLM (61 = u) 1LY (%99) (e=wo
pue oidhlouayd (0L = U) 4/I/AOLT (¢ = u) g6y (cz=u)dlASlel  sAep 06 < 26/1S 114N 6 0002-666 - (ly =u) v 1cBpuED -
Id ILHNN ILUN aoduejsisal wwa&b:w @
syiewsal % /1LHY aauejsisal paisal pouad 1-AIH
/suianed anbiufn aouejsisal aidAjouay) g uo awi] oidAjouayd JaquinN awi] jusjenaid Aiuno)

Kdeiayy |esinoljaaiue Jo uolellUl JB}e puUNoO} suolelny ‘g a|qeL

64



Hakim Sendagire, et al.: The Challenge of HIV-1 Antiretroviral Resistance in Africa in the Era of HAART

65

(penuiuod)
(€ = U) H39M “emaequilz
(L=u)nvLe %L
"eousledxe (O =U) WYL #-L + APBLN  ‘epuebn %9 ‘pazheue O
BnJp Joud ou (7} = u) AVSIIN sel1doo YN
apdsep juened 000°0} < SYeam g AN
8UO Ul UBBS SEm (e = u) 4S9y e punogal U
uonenw |LHNN (0F =) APBLIN “omgequIZ [AIA YHM (1 =u)v/a zpdnol
“JINOJOUR) (0F = u) AINMHSLEL %Y sjusiied £ (s=u)a So_o?
INIQU0D (G=u) 4oy ‘epuebn %S ‘adAjoush  Buinuiuioo emqeEqUZ 14va
paAleoal (9 =U) N9 sal1doo [njSseoons I&m e (8 .u@ o) o?gng_NS
siualied suou (1 =) €0 (8=uyW 000"} < PRyESIO0C | upaLEIS (954D epuebnC
(€ = u) viized © £ c O
"esn 2 =Uu)N9a & > = - —
ereldoiddeul (¥ = uLpIN — (@R [aD) = —
o enp (8 =) Miiey o 9 (R O
souesisal pidey (1 =U) A9kH = av-lego D
+— o ()
(01e+12v pue (L=u.4 o 4= (=r rhb - ———
1v¥a+iaa) (¢ = u) IMSLA L O (14gH =  =—
'$Bnip g Ao Jo (1 = U) 4S9 = Sutms o O
SuoljeuIquIod (¢ =u) 18LLA S aWs > -
Buinigoas a1om (¥ = U) 3/5/INOLY o Wéﬁ@o o
oym siuaed (g = U) dg9] (2 = u) AP8LIN A Cwa o [C1_
poousliadxe (¢ = u) Hoey (G =u) AStelL ‘poousiadxe (se/ie =) = O exmo
¢ oy woy (¢ =u) Teel (L=U WSO  uswieanjo  gg pue Aenins suopeInu = 3 ey —
ale papodal (0} = U) 19€IN (1 = ULGA  suuow 2/} -019s Wouj 1uelsisay “— - @y r.m (@ D)
suomeIny - (9= U) /AOKT (1L = U) OLBLA (@ = u) N6aa/L SEE eARU-1HY €} S¢ | 000N O 20O UOBD |
+4—
= 2 avo —
‘suoneinul ‘suoneinu O O = usin
Arepuooss se (¢ =u) 43elex luelsisel Q. D Qg )
aJey peinided (v = u) AGHZL 215 psousliadxe o =40 m
lou ase dn-mojjof (| = u) 088N (9 =u) AVBIIN -Juswiess gL = U = (€ =u) 90380
le pejodal (1 =u) Av8l (L =u) 1G/A luelsisel (e=w g —
uebe aiem (g = u) 1/Ig8A (1 =u) HozM aJom 89/8 (=uo QD
yolym sujeseq (¢ =u) de9n (¢ =u) N29d 'spunogai (G=uv O
le peodal (1 =u) 102M (L=u)4dgoy  'siuow gl [B4IA UM BATEU 1002 9e4 (gg =u)
suoleIny (1 =u) A0LT - (¢=u) Tl uelpsy - -juswiess 89 -8661 BNy OV-204HO  orlebeus -
sydewal Id ILENN ILHN aouejsisal sadfigns @
/susaped % [LHV aouejsisal pouad 1-AIH
anbiun aouejsisal a1dAouay g uo awil oidAyouayd palsa} JaquinN awi) judjenaid Anuno)

(panuiuod) Adesay) [eainosBaUE JO UOKEBIIUI JSYJE PUNO) SUOKEIN g 8|gel



AIDS Reviews. 2009;11

2010

Jo1qIyul aseaj0id (|4 Hoyqiyul aseldLosUEL) 95198 BPISO3[ONULOU (| LHNN Honaiyul eselduosuefBsianal apisoajonu || delay [esin0nBIUE <]
S o o
(1 =u) ASleL > O wn |
(L =U) AVSIA "suoneInw g C =
(1 =u)aeaL 1ofew pey || &= = m - nlu
(L =U) 1PN ‘pazhleue gg — Q. e
(7 = UAPBII 000'} < o S eem (@ ®)
(¢ =u) N0B1 (¢ = u) "oz peo| [BJIA = @iﬁ% (D] )
(1 =u) 428A (1 = u) 19¢2d (¢ =u)N9Q pey ain|iey a ey <1 =T R — .
"suondnueiul (1 =u)19vIN (1 =u)DLo (9 =) 1BLIA ‘syuow ¢ aiBojoun ooz (g = wm Mzmccmf
uswies s1el ybiy (9 = u) €8l (¥ = U) NEOIM (¢ = u) 1G9 ey} 810 09/92 aunp-dy mm = __mﬁ
(1 = U) Ho = = = Wu -
(1 = u) Ogey =
(L =u)ary3 AN o O m O
(9 = U) N/I/AS 2L c O g 3
(v = u) moLe1 + —t Y— faD)
(5= U)TIpN 5 |w m o
(1 =u) de91 (1= U) WISID S = =
(1 =u) No61 (1 = u) HGzed (8 =) 18LIA = = 4 (s
(1 =u) 1we1 (1 =u) 10011 (1 =u) A9LLd qe) o =S
@ 5 /4e€ (€ = u) 3100 (b =U)4GHIA o v O 4 ®)
(¢ = u) L/veen (2 = u) ¥90LA (b =u) 1224 o — m
‘90UE)s|sal : u) ALLY (€ = u) 10e2N (1 =u)I1GA "adAjousyd = e
lons] ybiy snyL (¢ = u) A¥SI (€ = u) HB8LA (¢ = u) "oy pue adAjoush W B —
‘suondnuieiul (7 =) 1I9rN (G=U)OL8IA (£ =u)N/DL9a Juswiesl] INjs$900NS 9¢ (¢=u)3v QD
luswieas) (0 = u) 1/19eN (6 =) V0619 (I = u) A9V jo "80UBIS|Sa) "PeO [BUIA (e=uanv L
pauue|dun Auew (¥ = u) 4/10ex (7 = u) I80LA (¢ =u)D/36leH SYECU pamoys pey paipnis €002 (Sr=ua
‘spusped Buiked (7 =u) MOLT (7L = u) €01 (62 = U) I/AVBLIN 1see| Iy sluened 9g/ie L€} J0 9oF o8g-Bny (9L =u)v %_o%mw\/u
Id ILHNN ILYN  @duejsisal sadAygns C
syiewal % [14VY aauejsisal palsal pouad 1-AIH
/susaned anbiun aouejsisai o1dAoudy g uo awi oidAouayd JaquinN awil Judjenaid Anuno)

(panunuod) Adesay) [ein0ABI1UR JO UOKBIIUL J3}JE pUnoy suonenyy g a|qel

66



Hakim Sendagire, et al.: The Challenge of HIV-1 Antiretroviral Resistance in Africa in the Era of HAART

found after six months in 78% of patients who had re-
ceived AZT, and in 68.7% of those on 3TC%. In a further
study of phenotypic resistance, there was resistance to
at least one NRTI in treatment-experienced patients
in 39.7%: 42.6% to AZT, 14.7% to 3TC, and 1.5% to
didanosine (DDI)*.

In a study of patients infected with subtypes A,
C, D from Uganda and Zimbabwe, M184V with or with-
out nucleoside analog mutations (NAM) was the most
common route to resistance, whereas K65R was iden-
tified less often. Eighteen of 20 genotypes from week
24 samples with a viral load > 1,000 viral copies/ml
showed key resistance mutations in RT. Fourteen had
M184V (10 with 1-4 additional NAM); one had three
NAM only; and the remaining three had K65R. One
participant with M184V had major NNRTI-associated
mutations, despite no disclosed treatment with this
drug class*.

Secondary mutations associated
with nonnucleoside reverse transcriptase
inhibitor resistance

The frequent use of NNRTI-based therapy, and the
low genetic barrier to resistance with this class of
drugs, explains why the majority of resistance muta-
tions is seen with this drug class in Africa*. The most
common mutation detected among patients who take
NVP as part of their therapy is K103N, which is invari-
ably associated with cross-resistance to EFV, while
Y181C is the most frequently selected mutation with
users of EFV®,

Secondary mutations associated
with protease inhibitors

Despite the presence of frequent polymorphisms pri-
or to ART in patients infected with non-B subtypes, as
already described, associated clinical Pl resistance is
rare. In a study conducted pver a two- year erl d from
2000-2002 in Cameroon, the&lv@va@aﬁ f@

at the following five sites was: L10I/V (16%), K20R (8%),

M361(98%), L63P (13%), and V777 (873 mdsg@@ alots[

identified were not specific to any part|ou|ar subtype®’.
Mutations to indinavir (

(G48V and L9OM), ntonaw 2}?@6] @ 5@6%@%

ipublica
I SO

Resistance mutations following
mother to child transmission according
to subtype

One or more NVP resistance mutations can be
selected in women as early as seven days after sin-
gle-dose NVP, and the K103N mutation may persist
for six weeks to 12 months*. This appears to vary
with HIV subtype®6:49-%1 The K103N-containing vari-
ants were rarely detected in pre-NVP samples in a
study of African women in the USA. After administra-
tion of single-dose NVP, the proportion of women
with K103N was lowest for subtype A (60/144; 41.7%)
and highest for subtype C (44/63; 69.8%), with an
intermediate prevalence for subtype D (52/94; 55.3%),
with statistically significant differences for A vs. C
(p = 0.0001), and A vs. D (p = 0.0465), but not C vs.
D (p = 0.09)°". In comparative studies of children
from Malawi and Uganda, mutations that confer resis-
tance to NVP were also more frequent in infants with
subtype C than with subtypes A and D (87 vs. 50%;
p = 0.016)%.

In Uganda, where subtypes A and D predominate,
K103N and Y181C were the most common mutations
detected®. Of 65 women with genotyping results on
day 7 or after 6-8 weeks of single-dose NVP, eight had
> 1 NVP resistance mutation detected seven days
after single-dose NVP, 21 had NVP resistance muta-
tions detected in one or both samples collected at
either time points, and 11 had NVP resistance at both
time points. Y181C was the most common NVP resis-
tance mutation detected at seven days, and K103N at
6-8 weeks?%3,

In South Africa, where subtype C is predominant,
K103N resistance variants were present in almost all
women at six weeks post-single-dose NVP, but this
declined rapidly over time. Detectable K103N variants
were found in 87.1% of RNA samples and 52.3% of
DNA samples collected six weeks after single-dose

P This declined to 65.4%, 38.9%, and 11.3% in RNA

tls@&fan mway%}%nths respectively®*. A nov-
el mutation, V106M, was also present in seven out of
|\ﬂ>gen (5%) infected with subtype C,
six weeks after receiving NVP%,

llTP pf@ﬁm‘ssgj?zﬁ study in Cote dllvoire

owe tha short-cour plus 3TC with single-dose

were found in 6% of patients in another sw fb)é epbgggéch d by three days of postpartum AZT plus
d'lvoire after only about six months on A | é evented most peripartum HIV-1 transmission,

mutation rates have been seen in Cote d’lvoire, with

and minimized the development of NVP resistance®®.
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Discussion

Major achievements have been made in the ART roll-
out in Africa, but several challenges remain. In general,
the data on prevalence and patterns of drug resistance
remain limited to inform practice and policy, but this is
likely to change over the next few years as rates of
treatment failure to first-line and then second-line ther-
apy increases, and results from resistance testing be-
comes available.

The major concern is that current ART scale-up contin-
ues in a setting where viral load monitoring is limited, and
patients have prolonged failure on their first-line regimens
prior to switching to second-line ART. Maintenance of
high rates of adherence to ART, coupled with ongoing
education about behavior change and other preventative
strategies, will be critical to avoiding widespread ART
resistance and onward transmission of drug resistance.

Although the high levels of resistance observed in
the early 2000s were of major concern, these studies
were small in size, and were representative usually of
the limited number of patients who were paying for their
own medications, with treatment interruptions and lack
of monitoring due to financial constraints, and in the
setting of a lack of management guidelines or support
for treatment adherence. Large-scale introduction of
ART in Africa has avoided the problem of sequential
mono or dual therapy that characterized the ART treat-
ment strategies of the late 1980s and 1990s in Europe
and the USA and that led to patients with multidrug
resistance and limited treatment options.

A further challenge in sub-Saharan Africa has been
the adoption of single-dose NVP in PMTCT, which is
associated with rapid selection of viral variants resistant
to NVP and other NNRTI. These observations have
raised several concerns; first about the long-term via-
bility of single-dose NVP for PMTCT of HIV-1; whether
single-dose NVP will be efficacious in subsequent preg-
nancies; and whether treatment with NNRTI-based regi-
mens will need to be avoided for NVP-exposed women
and infants, in light of the N@e@aeﬂel ﬁzrkﬂ
sistance and archiving of selected viruses that could
rebound in future treatment pr
studies show that the resistance mutations that develop

after single-dose NVP degwfhl@f[}’j’;v

and repeated PMTCT therapy is usefu ome

5rpU

The significance of subtype differences and their
genetic polymorphisms and response to ART remains
controversial. However, key findings are that multiple
polymorphisms are seen in the various non-B subtypes
prevalent in Africa, compared with the B subtype in
North America and Europe. There is also some pre-
liminary evidence for differences in the genetic barrier
to resistance across subtypes, which may result in a
differential rate of accumulation of resistance mutations
across subtypes. To date, there is no consistent evi-
dence that subtype-specific mutations are of clinical
relevance. However, the possibility remains that these
differences may affect the response to ART in Africa.

Major challenges face HIV healthcare providers and
health delivery systems in Africa to sustain the current
ART scale-up effort. Currently, first-line therapies are
fairly uniform for most developing countries and may
select for similar mutations and resistance across Af-
rica. There is an urgent need to undertake surveillance
programs to map out resistance patterns since the
beginning of ART rollout, and to identify key areas that
can be strengthened to slow the development of resis-
tance. Although the WHO has published approaches
to track emergence of HIV drug resistance and trans-
mission in countries scaling-up HIV treatment, the
clinical and laboratory parameters most helpful in de-
ciding “when to switch” remain poorly defined. Many
other issues that could affect response to ART remain
understudied, including: pharmacokinetic properties in
African populations, interactions with African foods and
herbal medicines, the influence of diarrhea illness on
absorption, and the prevalence of counterfeit drugs.

In order to delay resistance, appropriate first- and even
second-line therapies need to be established based on
genetic and phenotypic documentation of resistance in
various parts of Africa. It is important to note that ART
monitoring in the majority of Africa is done using clinical
and immunologic assays, and not virologic monitoring,
which is the standard of practice in the developed world.
n,the patients who continue to have viral replication
Eﬂdﬁ@mﬁem@y obcﬂig—resistant viruses is/inevi-

table and may cause major challenges to HIV treatment

F@d@@@t@r@r ph@¢@f@@5ﬂﬁgn expanding population of indi-

viduals in Africa’who are failing therapy and will need a

|m§ri€r@r@]s V\?CPP?@H jﬁ@ﬁ?ﬁ?gﬁﬁwo are not identified in the

absence of virologic monitoring, which could lead to

others have showed this decay to be slow, | sﬁ t raﬁj evelopment of resistance. In addition, data from
SLdEpURlS

36 months®. Combination therapies have
to prevent the development of resistance, and this may

@gies have shown the poor predictive value of
immunologic criteria for ART failure, and that also a sig-
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Ongoing efforts by the WHO and research groups to
document the patterns of HIV drug resistance in Africa
should be encouraged and supported®. Most of the
research studies to date have reported on ART treat-
ment cohorts with considerable infrastructure support,
which may not be representative of the general popula-
tion. Population-based studies that could reveal a snap-
shot of the current resistance patterns within various
regions of Africa are urgently needed.

Acknowledgements

We are grateful to the people who have contributed
to this manuscript, Prof. Keith McAdam, Former Director
of IDI; Dr. Yukari Manabe laboratory technical adviser IDI,
all the visiting professors to IDI who have read through
and guided this manuscript; Allan Ronald, Department
of Medical Microbiology, University of Manitoba, Canada,
W. Michael Scheld School of Medicine, University of Vir-
ginia, USA, Paul Bohjanen Department of Microbiology
and department of Medicine, University of Minnesota,
USA, Andrew Stergachis of the University of Washington,
and Wally Schlech of Victoria General Hospital, Halifax,
Canada. Hakim Sendagire is receiving research support
from the Sewankambo Scholarship fund at the IDI.

References

1. UNAIDS. Report on the global AIDS epidemic: Global facts and figures.
In: 2008: http://data.unaids.org/pub/GlobalReport/2008/20080715_fs_
global_en.pdf.

2. WHO. Antiretroviral drugs for the treatment of HIV infection in adult and
adolescents in resource limited settings: Recommendations for a Public
Health Approach (2005-6 Revision). Web 2005.

3. Barth R, Wensing A, Tempelman H, Moraba R, Schuurman R, Hoepel-
man A. Rapid accumulation of nonnucleoside reverse transcriptase in-
hibitor-associated resistance: evidence of transmitted resistance in rural
South Africa. AIDS. 2008;22:2210-12.

4. Petersen M, van der Laan M, Napravnik S, Eron J, Moore R, Deeks S.
Long-term consequences of the delay between virologic failure of high-
ly active antiretroviral therapy and regimen modification. AIDS. 2008;
22:2097-106.

5. Harries A, Nyangulu D, Hargreaves N, Kaluwa O, Salaniponi F. Preventing
antiretroviral anarchy in sub-Saharan Africa. Lancet. 2001;358:410-14.

6. Akileswaran C, Lurie M, Flanigan T, Mayer K. Lessons learned from
use -of highly active antiretroviral therapy in-Africa. Clin-Infect Dis.
2005;41:376-85.

7. Robertson D, Anderson J, Bradac J, et al. HIV-1 nomenclature proposal.
Science. 2000;288:55-6. N

8. Butler |, Pandrea I, Marx P, Apét Q
cal and public health consequences. Review. Curr HIV Res.
2007,5:23-45.

&tt\'(Q\'ferL\h Lg\o@ U b | I%ﬁﬁﬁ?m

15. Martinson N, Ekouevi D, Dabis F, et al. Transmission rates in consecutive
pregnancies exposed to single-dose nevirapine in Soweto, South Africa
and Abidjan, Cote d’lvoire. J Acquir Immune Defic Syndr. 2007;45:
206-9.

16. Ekpini R, Nkengasong J, Sibailly T, et al. Changes in plasma HIV-1-
RNA viral load and CD4 cell counts, and lack of zidovudine resistance
among pregnant women receiving short-course zidovudine. AIDS.
2002;16:625-30.

17. Eshleman S, Hoover D, Hudelson S, et al. Development of nevirapine
resistance in infants is reduced by use of infant-only single-dose
nevirapine plus zidovudine postexposure prophylaxis for the preven-
tion of mother-to-child transmission of HIV-1. J Infect Dis. 2006;
193:479-81.

18. Bajunirwe F, Massaquoi |, Asiimwe S, Kamya M, Arts E, Whalen C. Ef-
fectiveness of nevirapine and zidovudine in a pilot program for the
prevention of mother-to-child transmission of HIV-1 in Uganda. Afr Health
Sci. 2004;4:146-54.

19. Bussmann H, Novitsky V, Wester W, et al. HIV-1 subtype C drug-resis-
tance background among ARV-naive adults in Botswana. Antivir Chem
Chemother. 2005;16:103-15.

20. Pillay C, Bredell H, McIntyre J, Gray G, Morris L. HIV-1 subtype C reverse
transcriptase sequences from drug-naive pregnant women in South
Africa. AIDS Res Hum Retroviruses. 2002;18:605-10.

21. Konings F, Nyambi P. V118l substitution in the reverse transcriptase
gene of HIV type 1 CRF02_AG strains infecting drug-naive individuals
in Cameroon. AIDS Res Hum Retroviruses. 2004;20:673-8.

22. Jackson J, Becker-Pergola G, Guay L, et al. Identification of the K103N
resistance mutation in Ugandan women receiving nevirapine to prevent
HIV-1 vertical transmission. AIDS. 2000;14:F111-15.

23. Weidle P, Kityo C, Mugyenyi P, et al. Resistance to antiretroviral therapy
among patients in Uganda. J Acquir Immune Defic Syndr. 2001;26:
495-500.

24. Kinomoto M, Appiah-Opong R, Brandful J, et al. HIV-1 proteases from
drug-naive West African patients are differentially less susceptible to
protease inhibitors. Clin Infect Dis. 2005;41:243-51.

25. Frater A, Chaput C, Beddows S, Weber J, McClure M. Simple detection
of point mutations associated with HIV-1 drug resistance. J Virol Meth-
ods. 2001;93:145-56.

26. Velazquez-Campoy A, Vega S, Freire E. Amplification of the effects of
drug resistance mutations by background polymorphisms in HIV-1 pro-
tease from African subtypes. Biochemistry. 2002;41:8613-19.

27. Loemba H, Brenner B, Parniak M, et al. Genetic divergence of HIV-1
Ethiopian clade C reverse transcriptase (RT) and rapid development of
resistance against nonnucleoside inhibitors of RT. Antimicrob Agents
Chemother. 2002;46:2087-94.

28. Gale C, Yirrell D, Campbell E, Van der Paal L, Grosskurth H, Kaleebu P.
Genotypic variation in the pol gene of HIV type 1 in an antiretroviral
treatment-naive population in rural southwestern Uganda. AIDS Res Hum
Retroviruses. 2006;22:985-92.

29. Cornelissen M, van den Burg R, Zorgdrager F, Lukashov V, Goudsmit
J. pol gene diversity of five HIV-1 subtypes: evidence for naturally oc-
curring mutations that contribute to drug resistance, limited recombina-
tion patterns, and common ancestry for subtypes B and D. J Virol. 1997;
71:6348-58.

30. Vergne L, Diagbouga S, Kouanfack C, et al. HIV-1 drug-resistance
mutations among newly diagnosed patients before scaling-up pro-
grammes in Burkina Faso and Cameroon. Antivir Ther. 2006;11:575-9.

31. Maslin J, Rogier C, Caron M, Grandadam M, Koeck J, Nicand E. Short
communication. Antiretroviral drug resistance among drug-naive HIV-
1-infected individuals in Djibouti (Horn of Africa). Antivir Ther.
2005;10:855-9.

32. Petch L, Hoffman I, Jere C, et al. Genotypic analysis of the protease
and reverse transcriptase of HIV type 1 subtype C isolates from anti-
retroviral drug-naive adults in Malawi. AIDS Res Hum Retroviruses.
2005;21:799-805.

33. Becker-Pergola G, Kataaha P, Johnston-Dow L, Fung S, Jackson J, Es
hleman S. Analysis of HIV type 1 protease and reverse transcriptase in

gbdéw adults. AIDS Res Hum Retroviruses.

34. Fleury H, Toni T, Lan N, et al. Susceptibility to antiretroviral drugs of
CRFO1_AE, CRF02_AG, and subtype C viruses from untreated patients
rative genotypic and phenotypic data. AIDS

o simeon . B Veznet . Ot &, ot g el e [ e R ooy

10. Frater A, Beardall A, Ariyoshi K, et al. Impact of baseline polymorphisms
in RT and protease on outcome of,highly active antiretroviral thetapy in
HIV-1-infected African patients.

11. Frater J. The impact of HIV-1 su
J HIV Ther. 2002;7:92-6.

12. Blower S, Bodine E, Kahn J, McFarland W. The antiretroviral rollout and
drug-resistant HIV in Africa: insights from empirical dat@ d
models. AIDS. 2005;19:1-14.

13. Qrrell C. Antiretroviral adherence in a resource-poor setting. Review.
Curr HIV/AIDS Rep. 2005;2:171-6.

14. Kamya M ja- H, Kambugu A, et al. Predictors of long
viral failu U drerifand adul 1t hiantir
ral therap! uir Immiine Defic Sy 146! .

r@c{) u

35. Vidal N, Mulanga C, Bazepeo S, et al. HIV type 1 pol gene diversity and
. antiretroviral drug resistance mutations in the Democratic Republic of

Roitele, DO Wi eSS s s, b, o

archived nevirapine resistance mutation in pregnant women in Rwanda.
AIDS Res Hum Retroviruses. 2004;20:279-83.
bl g@iEﬁg,f‘Downing R, Sozi C, et al. Development of phenotypic and
n C resistance to antiretroviral therapy in the UNAIDS HIV Drug
Access Initiative--Uganda. AIDS. 2003;17(Suppl! 3):S39-48.

8. Kantor R, Zijenah L, Shafer R, et al. HIV-1 subtype C reverse

a'nscriplase afid protease gen im@alwean patients

i ili ahtitefrovirél ther . AIDS um Retradviruses. 2002;
811407

69



70

AIDS Reviews. 2009;11

39.

40.

4.

42.

43.

44.

45.

46.

47.

48.
49.

50.

51.

Adje-Toure C, Celestin B, Hanson D, et al. Prevalence of genotypic and
phenotypic HIV-1 drug-resistant strains among patients who have re-
bound in viral load while receiving antiretroviral therapy in the UNAIDS-
Drug Access Initiative in Abidjan, Cote d'lvoire. AIDS. 2003;17(Suppl!
3):523-9.

Vergne L, Kane C, Laurent C, et al. Low rate of genotypic HIV-1 drug-
resistant strains in the Senegalese government initiative of access to
antiretroviral therapy. AIDS. 2003;17(Suppl 3):S31-8.

Vergne L, Malonga-Mouellet G, Mistoul I, et al. Resistance to antiretro-
viral treatment in Gabon: need for implementation of guidelines on anti-
retroviral therapy use and HIV-1 drug resistance monitoring in develop-
ing countries. J Acquir Immune Defic Syndr. 2002;29:165-8.

DART Virology Group and Trial Team. Virological response to a triple
nucleoside/nucleotide analogue regimen over 48 weeks in HIV-1-infect-
ed adults in Africa. AIDS. 2006;20:1391-9.

Spacek L, Shihab H, Kamya M, et al. Response to antiretroviral therapy
in HIV-infected patients attending a public, urban clinic in Kampala,
Uganda. Clin Infect Dis. 2006;42:252-9.

Fischer A, Karasi J, Kibibi D, et al. Antiviral efficacy and resistance in
patients on antiretroviral therapy in Kigali, Rwanda: the real-life situation
in 2002. HIV Med. 2006;7:64-6.

Richard N, Juntilla M, Abraha A, et al. High prevalence of antiretroviral
resistance in treated Ugandans infected with non-subtype B HIV-1. AIDS
Res Hum Retroviruses. 2004;20:355-64.

Adje C, Cheingsong R, Roels T, et al. High prevalence of genotypic and
phenotypic HIV-1 drug-resistant strains among patients receiving anti-
retroviral therapy in Abidjan, Cote d’lvoire. J Acquir Immune Defic
Syndr. 2001;26:501-6.

Konings F, Zhong P, Agwara M, et al. Protease mutations in HIV-1 non-
B strains infecting drug-naive villagers in Cameroon. AIDS Res Hum
Retroviruses. 2004;20:105-9.

Eshleman S, Jackson J. Nevirapine resistance after single dose prophy-
laxis. AIDS Rev. 2002;4:59-63.

Grossman Z, Istomin V, Averbuch D, et al. Genetic variation at NNRTI
resistance-associated positions in patients infected with HIV-1 subtype
C. AIDS. 2004;18:909-15.

Eshleman S, Hoover D, Chen S, et al. Resistance after single-dose
nevirapine prophylaxis emerges in a high proportion of Malawian new-
borns. AIDS. 2005;19:2167-9.

Flys T, Chen S, Jones D, et al. Quantitative analysis of HIV-1 variants
with the K103N resistance mutation after single-dose nevirapine in

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

women with HIV-1 subtypes A, C, and D. J Acquir Immune Defic Syndr.
2006;42:610-13.

Jones D, Parkin N, Hudelson S, et al. Genetic linkage of nevirapine re-
sistance mutations in HIV type 1 seven days after single-dose nevirap-
ine. AIDS Res Hum Retroviruses. 2005;21:319-24.

Eshleman S, Guay L, Mwatha A, et al. Comparison of nevirapine (NVP)
resistance in Ugandan women 7 days vs. 6-8 weeks after single-dose nvp
prophylaxis: HIVNET 012. AIDS Res Hum Retroviruses. 2004;20:595-9.
Loubser S, Balfe P, Sherman G, Hammer S, Kuhn L, Morris L. Decay of
K103N mutants in cellular DNA and plasma RNA after single-dose nevirap-
ine to reduce mother-to-child HIV transmission. AIDS. 2006;20: 995-1002.
Morris L, Pillay C, Chezzi C, et al. Low frequency of the V106M mutation
among HIV-1 subtype C-infected pregnant women exposed to nevirap-
ine. AIDS. 2003;17:1698-700.

Chaix M, Rouet F, Kouakoussui K, Genotypic HIV-1 drug resistance in
highly active antiretroviral therapy-treated children in Abidjan, Cote
d'lvoire. Pediatr Infect Dis J. 2005;24:1072-6.

Siliciano J, Kajdas J, Finzi D, et al. Long-term follow-up studies confirm
the stability of the latent reservoir for HIV-1 in resting CD4+ T cells. Nat
Med. 2003;9:727-8.

Flys T, Mwatha A, Guay L, et al. Detection of K103N in Ugandan
women after repeated exposure to single dose nevirapine. AIDS. 2007;
21:2077-82.

Volmink J, Siegfried N, van der Merwe L, Brocklehurst P. Antiretrovirals
for reducing the risk of mother-to-child transmission of HIV infection.
Cochrane Database Syst Rev. 2007;1:CD003510.

Giaquinto C, Rampon O, De Rossi A. Antiretroviral therapy for prevention
of mother-to-child HIV transmission: focus on single-dose nevirapine.
Clin Drug Investig. 2006;26:611-27.

Moore D, Awor A, Downing R, et al. CD4+ T-cell count monitoring does
not accurately identify HIV-infected adults with virologic failure receiving
antiretroviral therapy. J Acquir Immune Defic Syndr. 2008;49:477-84.
Mee P, Fielding K, Charalambous S, Churchyard G, Grant AD. Evaluation
of the WHO criteria for antiretroviral treatment failure among adults in
South Africa. AIDS. 2008;22:1971-7.

Reynolds S, Nakigozi G, Newell K, et al. Failure of immunologic criteria
to appropriately identify antiretroviral treatment failure in Uganda. AIDS.
2009;23:697-700.

Bennett D, Bertagnolio S, Sutherland D, Gilks C. The World Health Or-
ganization’s global strategy for prevention and assessment of HIV drug
resistance. Antivir Ther. 2008;13:1-13.

No part of this publication may be

reproduced or photocopying

without the prior written permission

of the publisher
ermanyer Publications





