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Virological follow-up of adult patients in antiretroviral
treatment programmes in sub-Saharan Africa: a systematic

review
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Following large-scale roll-out of antiretroviral therapy in sub-Saharan Africa, the non-clinical efficacy of
antiretroviral therapy has received little attention. We aimed to systematically review virological efficacy and drug-
resistance outcomes of programmes of antiretroviral therapy in sub-Saharan Africa. 89 studies with heterogeneous
design, definitions, and methods were identified. Overall, in on-treatment analysis, 10351 (78%) of 13 288 patients
showed virological suppression after 6 months of antiretroviral therapy, 7413 (76%) of 9794 after 12 months, and
3840 (67%) of 5690 after 24 months. Long-term virological data are scarce. Genotyping results were available for
patients with virological failure (HIV-1 RNA greater than 1000 copies per mL). Most patients (839 of 849; 99%)
were infected with a non-B HIV-1 subtype. However, drug-resistance patterns were largely similar to those in
subtype B. Resistance profiles were associated with the antiretroviral drugs commonly used: the lamivudine-
associated M184V mutation was most common, followed by K103N which is associated with non-nucleoside
reverse transcriptase inhibitors. Thymidine-analogue mutations and the K65R mutation were less common. First-
line antiretroviral therapy regimens used in sub-Saharan Africa are effective. Profiles of drug resistance suggest
that a second-line treatment regimen based on protease inhibitors, with a backbone of nucleoside reverse
transcriptase inhibitors, is a reasonable option for patients with HIV in sub-Saharan Africa who experience first-

line treatment failure.

Introduction

An estimated 33 million people worldwide are infected
with HIV, most of whom live in sub-Saharan Africa.
Highly active antiretroviral therapy (HAART) was
introduced in 1996 in developed countries and
acknowledged as the standard of care for people with
HIV/AIDS ever since. When the Doha declaration was
adopted in 2001, which enabled developing countries to
circumvent patent rights to increase access to essential
medicines, HAART became more widely accessible in
resource-limited settings. Subsequently, large funds were
provided by the US President’s Emergency Plan for AIDS
Relief (PEPFAR), which was established in 2002, and by
the Global Fund for AIDS, Tuberculosis and Malaria,
operating since 2003. In that same year WHO launched
their 3 by 5 Initiative, aimed at providing 3 million people
with antiretroviral therapy by the end of 2005. Although
this goal was not met, the initiative led to a substantial
increase in the roll-out of antiretroviral therapy and
2 years later, by the end of 2007, nearly 3 million people
worldwide were receiving HAART. The greatest increase
in the number of people receiving treatment was in sub-
Saharan Africa.!

Early results from antiretroviral treatment programmes
in African countries have been promising, showing
similar results to those in developed countries.* However,
long-term data are scarce; the weighted average follow-up
in 32 papers included in a review* on retention of patients
programmes in sub-Saharan Africa was less than
10 months.

Because of insufficient financial and logistical means,
laboratory monitoring of patients receiving antiretroviral
therapy is limited in sub-Saharan African countries. The
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cost of laboratory monitoring of patients has meant that
HIV-RNA measurements and genotypic resistance tests
are not generally recommended by WHO and are
therefore not done consistently As a substitute,
recommendations have been made by WHO to define the
failure of antiretroviral therapy by use of clinical criteria
and CD4 T-cell counts. Several studies in African settings,
however, have shown that the association between these
determinants and virological failure is limited.””

Treatment switches in patients who do not experience
virological failure will increase treatment costs and might
limit treatment options in the future. Unnecessary loss
of treatment options is especially hazardous since only
one second-line antiretroviral therapy regimen is available
in most sub-Saharan African countries.

Alternatively, continuation of a treatment regimen
when patients experience virological failure might
compromise patients’ immunological and clinical status
and, because of ongoing viral replication, lead to the
selection of viruses with enhanced resistance to
antiretroviral drugs. Resistance outcomes across
programmes of antiretroviral treatment with differing
intensities of virological monitoring were compared,
showing how useful regular virological monitoring is in
both resource-rich and resource-limited settings.®

In our Review, we assess the results of programmes of
antiretroviral treatment in sub-Saharan Africa that
reported any relevant virological outcome of first-line
HAART in adults infected with HIV. We systematically
analyse virological suppression (virological success) and
failure as well as selection for drug resistance and discuss
the possible implications of these findings on future
treatment strategies in this region.
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Methods

Search strategy

We systematically reviewed published work in
accordance with QUORUM guidelines.’ We searched
the online databases PubMed and Embase for articles
available in English before June 1, 2009, with the terms
“Africa” or “Afrika” or “sub-Sahara Africa” or “sub
Sahara Africa” or “southern Africa” AND “HIV” or
“‘AIDS” or “human immunodeficiency virus” or
“acquired  immunodeficiency  syndrome”  AND
“antiretroviral therapy” or “antiretroviral*” or “HAART”
or “ART” or “ARV” AND *“viral load” or “HIV-RNA” or
“resistance” or “genotyp*” or “drug-resistance” or “drug
resistance”. We hand searched the abstract books from
selected conferences that were held between early 2007
and June 2009: International AIDS Society Conference
2007 and 2008, and Conference on Retroviruses and
Opportunistic Infections 2007, 2008, and 2009. The lists
of references from articles that were retrieved and
extracted were also screened for potentially relevant
articles and abstracts.

Study selection

We included original research papers or abstracts of
studies of adult patients infected with HIV-1 that were
treated with first-line HAART, defined as a combination
of three different antiretroviral drugs, in sub-Saharan
Africa. In the included studies HIV-1 RNA had to be
measured at least once after starting first-line HAART,
and the follow-up of patients needed to be at least
3 months after the start of treatment. The studies could
be randomised controlled trials, non-randomised trials,
cohort studies, cross-sectional studies, or case series.

We excluded studies in which most patients were either
infected with HIV-2, were children (defined as younger
than 15 years), received monotherapy or dual therapy, or
were on second-line HAART. We also excluded studies
done outside sub-Saharan Africa and papers that did not
report original data.

If the description of the study was unclear on some of
the inclusion or exclusion criteria (eg, minimum length
of follow-up), but there were no explicit grounds to
exclude the study, the study data were extracted and
included. The report was excluded if key data were
missing (location of study, number of people included,
treatment status of patients, HIV-RNA follow-up data). If
the same group of patients was described in more than
one article or abstract, the report with the most detailed
virological results was included, or, if the reports were
complementary, both were included and data combined.

Within the set of papers fitting the above inclusion and
exclusion criteria, we identified relevant papers on
presumably acquired drug resistance. Such reports were
included if they reported drug-resistance mutations of
patients experiencing virological failure while on first-
line antiretroviral therapy. Articles or abstracts were
included independently of the definition of virological

failure that was used, but patients had to have detectable
HIV-RNA at the time of genotypic testing.

All titles of identified reports were reviewed (exclusion
step one). Of the remaining reports the abstracts were
reviewed (exclusion step two). The full-length paper was
retrieved if it was not an abstract-only report. These
papers were checked (exclusion step three).

Validity checking and data extraction

All reports remaining after exclusion step three were
independently assessed in duplicate by two authors
(RB and MSvdL) according to a set format. We extracted
the following key data: first author, year of publication,
country (countries) of the study, period of enrolment, type
of study (randomised clinical trial, other trial, cohort,
cross-sectional study, patient series), number of patients,
median age of patients, proportion of females,
antiretroviral regimen (based on non-nucleoside reverse
transcriptase inhibitors, protease-inhibitors, or other
antiretroviral drugs), median or mean Dbaseline
(pretreatment) CD4-T-cell count and log, HIV-RNA
plasma concentration, method of analysis (intention to
treat or on treatment), months of follow-up, number
of patients with HIV-RNA tested at time of analysis,
definition of success used in the report, proportion
of patients experiencing virological success, definition of
virological failure used in the report, proportion of patients
experiencing virological failure, number of patients for
whom the HIV-subtypes were established, and HIV-
subtypes and their frequencies.

Because of the heterogeneous nature of the studies that
were included, we decided not to assess the validity of the
individual studies. Instead, we present the crucial study
characteristics.

Data analyses

HAART was defined as a combination of three different
antiretroviral drugs, irrespective of the number of drug-
classes used. Definitions of virological success and failure
varied between studies. All cut-off values used by
investigators were accepted for inclusion in our Review
and the definitions used are presented. We did several
analyses to compare the results of the various studies; for
this purpose we applied specific criteria to define viral
suppression, and virological success and failure. For
these analyses, suppression was defined as a viral load of
fewer than 50 copies per mL and virological success as an
HIV-1 RNA of fewer than 400 copies per mL at time of
measurement. Virological failure was defined as a viral
load of more than 1000 copies per mL in at least one test
and at least 3 months after the start of HAART.

Reported drug resistance in adults experiencing
virological failure on first-line HAART in a sub-Saharan
African treatment programme was summarised.
Mutations were analysed according to the International
AIDS Society 2008 update of drug resistance mutations."
Only major mutations that are not natural polymorphisms
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were included. A supplementary analysis was done on
the basis of a more extensive list of mutations associated
with non-nucleoside reverse transcriptase inhibitors."

Because the studies differed in design (size, length of
follow-up, location of study, overall quality of study,
intention-to-treat or on-treatment analysis, treatment
regimens), formal calculation of summary statistics for
virological success and failure was not appropriate.
Instead, we report the overall proportions of patients
with virological success at 6, 12, or 24 months (ie, number
of patients with virological success divided by all patients).
Also, the median and range of the proportion of
virological success across studies is provided. Similar
data are provided for virological failures.

Analyses included all studies, irrespective of first-line
regimen. Additionally, we did a subgroup analysis of
studies in which more than 90% of patients received
antiretroviral treatment based on the use of non-
nucleoside reverse transcriptase inhibitors.

Results

The search strategy identified 902 potential articles and
587 potential abstracts (figure). 1199 reports were excluded
after checking the titles, mainly because they dealt with
obviously different issues, and the abstracts of the
remaining 290 reports were reviewed consequently
excluding a further 149. Of the remaining 141 reports, the
full-length text (if it concerned papers rather than abstracts)
were retrieved and reviewed independently in duplicate.
In this process another 52 reports were excluded (figure).
89 reports were fully extracted (summarised in tables 1
and 2, and in full in the webappendix); >**** these are
69 full-text papers and 20 conference abstracts.

In total, virological data of 63684 patients on first-line
antiretroviral therapy in sub-Saharan African treatment
programmes for HIV/AIDS were described. Studies from
18 countries were included, and nine multisite studies.
Most of the treatment programmes were set in urban
centres; only seven papers****'%# and four abstracts®”>"*
contained reports of patients in rural areas. Sample sizes
ranged from 16 to 9060 patients; in 33 studies, fewer than
200 patients were included. Three of the included articles
were published in 2002*7% and four in 2003.%*%2¢ All
other studies had been published more recently. Length
of follow-up varied substantially between the studies,
ranging from 3 months to 60 months. Of all patients,
5021 (8%) participated in clinical trials.

Most patients were at an advanced disease stage when
starting antiretroviral therapy. Median baseline CD4 cell
counts were generally lower than 200 cells per pL, although
the variation in immunological suppression between
studies was substantial (range 43-387 cells per pL). HAART
regimens were specified for 58608 (92%) patients:
53129 (91%) of these were treated with a regimen consisting
of two nucleoside reverse transcriptase inhibitors and
either nevirapine or efavirenz as non-nucleoside reverse
transcriptase inhibitors; 3626 patients (6%) had regimens
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1489 titles (498 duplicates excluded)
546 from PubMed
848 from Embase
6 titles from hand-searched references
587 conference abstracts

Exclusion step one (on basis of title)*
1199 papers excluded

655 articles

544 abstracts

v

| 290 abstracts

Exclusion step two (on basis of abstract)*
149 papers excluded
126 articles
23 abstracts

A4

N

121 full-text articles
20 conference abstracts

Exclusion step three
52 papers excluded
19 duplicate data

4 non-english
5 majority non-HAART
7 majority second line
8 insufficient viral data
6 majority non-African
2 primary resistance
1 majority paediatric

A 4

A
89 studies included
69 full-text articles
20 conference abstracts

Figure: Search strategy

*Studies with no original or virological data, paediatric and in-vitro studies,
studies outside of sub-Saharan Africa, studies of prevention of mother-to-child
transmission, studies of primary resistance, studies of alternative therapies, and
studies on social-science subjects.

based on protease inhibitors, and 1853 (3%) were treated
with other regimens such as dual therapy or triple
nucleoside reverse transcriptase inhibitors.

Virological success
Tables 1 and 2 and the webappendix show the virological
outcome data of the included studies. Virological success
was reported in 57 articles and 17 abstracts. 47 papers
presented the proportion of patients reaching a viral load
of fewer than 400 copies per mL. A cutoff point of
500 copies per mL was used in six studies,*”%*** and
six additional studies had a stricter definition of either
200 copies per mL or 300 copies per mL.2*"*% Table 1
summarises data on virological success.

Short-term outcome, after antiretroviral therapy for
6 months, was reported in 25 studies. In total, virological
success was achieved in 10351 (78%) of 13288 patients in
the studies that did an on-treatment analysis. The median
proportion of patients with virological success across

See Online for webappendix
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Medianage  Proportion  Treatment regimen* Median CD4 countat  Time point ITT/OT Number of Proportion of
inyears* of women* baseline* (cells per pL) of analysis patientstested  patients with
(months) virological success
Botswana'*® 33-36 60-91% NNRTI 100% 67-199 6 oT 54 87%
12 oT 984 79-91%
24 oT 397 71%
36 oT 243 90%
60 oT 60 98%
Burkina Faso™t NA 100% NA 142 36 oT NA 91%
Burkina Faso, Mali?*+ 38 67% NNRTI 84%, Pl 16% 387 NA NA 606 86%
Cameroon®***f 35-41 66-73% NNRTI 99-100% 118-150 6 ITT/OT 162/108 80-90/95%
Pl 0-1% 1 study: NA 12 ITT/OT 135/381 80-87/78-97%
24 ITT/OT 85/247 67-82/75-90%
Cote d'lvoire®3*f 34-38 5-76% NNRTI 16-90% 122-253 6 oT 837 55-85%
P110-80% 1study: NA 12 ITT/OT NA/29 50/51%
Other 0-11% 24 oT 15 46%
37 oT 106 58%
Cote d'Ivoire, Kenya, 36 62% PI100% 119 22 ITT/OT 206/166 52/65%
Senegal, Uganda®
Kenya®* 37 64% NNRTI 100% 96-106 12 oT 137 82%
Malawi® 35 64% NNRTI 99%, PI 1% 114 10 or 397 84%
Malawi, Mozambique, 37 60% NNRTI 100% 166 6 oT 2112 77%
Tanzania*
Mali®t 35 61% NNRTI 100% 105 7 ITT 109 76%
Mozambique* 36 69% NNRTI 100% 115 23 oT 149 79%
Nigeria®™* 35-36 56-73% NNRTI 100% 129-260 6 ITT/OT NA/NA 72/78-92%
12 oT 145 79-91%
Senegal #4514 36-42 45-58% NNRTI 0-100% 109-144 6 ITT/OT NA/NA 71-73/78%
P10-100% 12 ITT/OT NA/NA 51-83/82%
Other 0-10% 24 oT 79 66%
36 oT 34 62%
South Africa?s5s5s860656697 3143 4-77%, NNRTI33-100% (median 100%) 43-268 6 ITT/OT 1601/>3961 83/75-92%
Two studies:  median 69%  PI0-50% (median 106) 12 ITT/0T >1784/>4009 55-77/66-90%
NA 2 studies: NA  Other 0-26% 2 studies: NA 24 ITT/OT/NA 482/1141/360 75/60-72/92%
4 studies: NA 36 oT 679 61%
Tanzania” 41 63% NNRTI 100% 114 12 oT 150 68
Uganda’s®##5 3339 27-71%, NNRTI 69-100% 19-160 6-9 ITT/OT 656/>258 68-72/66-97%
median 66% P 0-31% (median 99) 12 ITT/OT 1013/>454 61-75/83-86%
2 studies: NA 2 studies: NA 24 ITT/OT 559/246 55/86%
Uganda, Zimbabwe® 38 66% Triple NRTI 100% 101 6 ITT/OT 281/281 79/82%
12 ITT/OT 272/272 72[74%
Zambia® NA 52% NNRTI 100% 115 25 oT 913 74%
Zimbabwe?** 42 51% NNRTI 100% 117-129 4-6 ITT/OT NA/NA 85/85-96%
1study:NA  1study: NA 12 oT NA 74%
Nine countries in southern 36 62% NNRTI 97% 146 6 oT 3912 69%
Africa®® Pl <3% 12 oT 3192 62%
24 oT 2337 62%
ART-LINC% 35 49% NNRTI 57% Pl 29% Other 14% 137 6 oT 1914 75%

Virological success defined as HIV-RNA <400 copies per mL. NNRTI=non-nucleoside reverse transcriptase inhibitor. OT=on-treatment analysis. NA=data not available or applicable. Pl=protease inhibitor.
[TT=intention-to-treat analysis. ART-LINC=several countries in Africa, Latin America and Asia. *If more than one study is included, the ranges between studies is provided. TA stricter cut-off value of HIV-RNA
<200/<300 copies per mL was used by some studies. +A more lenient cut-off value of HIV-RNA <500 copies per mL was used by some studies.

Table 1: Summary of virological success data of sub-Saharan African antiretroviral therapy programmes
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studies was 82% (range 54-97%). In six studies with on-
treatment analyses,?#775%% the proportion of patients with
virological success after 6 months of antiretroviral therapy
was reported, but the number of people who received an
HIV-RNA test was not; in these studies, the proportion
with virological success was much the same as that in
other studies (range 78-92%). Virological success was

reported for 2257 (79%) of 2856 patients in intention-to-
treat analyses (median across studies 78%, range 71-90%).

Response data for 1 year were reported in 29 studies.
On-treatment data were similar to those at 6 months,
7413 (76%) of 9794 patients had virological success
(median across studies 82%, range 51-97%). 2233 (69%)
of the 3236 patients for whom an intention-to-treat
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Medianage  Proportion  Treatment regimen* Median CD4 countat  Time point of ITT/OT  Number of Proportion of patients with
inyears* of women* baseline* (cells per pL)  analysis (months) patientstested  virological suppression
Burkina Faso, 38 67 NNRTI 84%, PI 16% 387 6 oT 798 75%
Mali** Istudy:NA  1study:NA  1study: NA 1study: NA NA NA 606 77%
Cameroon®** 35 68 NNRTI 100% 118 6 ITT 60 65%
12 ITT/0T 60/48 68/79%
24 ITT/OT 60/42 48/64%
Coted'lvoire, 36 62 P1100% 119 22 ITT/OT 99/82 48/59%
Kenya, Senegal,
Uganda®
Malawit 35 64 NNRTI 99%, Pl 1% 114 10 oT 397 69%
Mozambique® 36 69 NNRTI 100% 115 23 oT 149 72%
Senegal 4 36-37 50-58 NNRTI100% 126-133 6 ITT NA 50%
12 ITT NA 43-73%
24 ITT NA 78%
South Africa***%  33-41 5-72 NNRTI 100% 67-158 4-6 oT >1909 63-83%
1study: NA 1study: NA 12 ITT/OT 609/1607 46/63-70%
24 oT 454 65%
Tanzania™t 34 73 NNRTI 100% NA 12 oT 97 85%
Uganda® NA NA NNRTI 50% 99 12 ITT 600 62-77%
Other 50%
Uganda, 38 66 Triple NRTI 100% 101 6 ITT/0T 281/281 59/63%
Zimbabwe® 12 ITT/OT 272/[272 61/62%
Zimbabwe® 42 51 NNRTI 100% 117 4-6 ITT/OT NA/NA 77/87%
Virological suppression defined as HIV-RNA <50 copies per mL. *If more than one study is included, ranges between studies are provided. TA cut-off value of HIV-RNA <40 copies per mL was used by some
studies. NNRTI=non-nucleoside reverse transcriptase inhibitor. NA=data not available or applicable. OT=on-treatment analysis. ITT=intention-to-treat analysis. Pl=protease inhibitor.
Table 2: Summary of virological suppression data of sub-Saharan African antiretroviral therapy programmes

analysis was done had virological success; the median
proportion was 74% (range 51-87%). Similar response
rates (on treatment 74-85%, intention to treat 50-83%)
were reported in the seven studies®#*%7%% that did not
report the absolute number of patients tested.

On-treatment data at 24 months (range 22-25 months)
for 3353 patients reported by 14 studies!26¥23 35451536062
79% ghowed virological success in 3840 (67%) of
5690 patients. However, virological success ranged from
46% to 90% (median 72%) in individual studies.
Intention-to-treat data after 2 years were available in few
studies; the proportion with virological success was
lower overall than in on-treatment analysis (837 [63%)] of
1332 patients)®****#2 and the median across studies was
67% (range 52-82%).

Long-term data (more than 2 years of follow-up) were
scarce. Five studies"**% reported on-treatment data
after 3 years of treatment, with virological success
achieved in 712 (67%) of 1062 patients.

If analyses were done including only studies in which
more than 90% of patients received antiretroviral therapy
based on non-nucleoside reverse transcriptase inhibitors,
results were similar to those in the main analyses (data
not shown).

19 paperS2,3,24,25,28,29,35,38,41,47,4‘),53,56,59,68,72,81,89,91 reported Vlral
suppression with lower cut-off values for success (HIV-
RNA of fewer than 40 copies per mL or 50 copies per mL),
as is the standard in developed countries. By this stricter
criterion in on-treatment analysis, 67% of patients had viral
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suppression at 6 months (2352 patients) and 12 months
(2421 patients) and 66% at 24 months (727 patients).
Intention-to-treat data were less favourable, with viral
suppression in 60% (341 patients) at 6 months, 59% (1541)
at 12 months, and 48% (159) at 24 months. Table 2
summarises reported data on virological suppression.

Virological failure

36 articles and six abstracts reported virological failure
(webappendix). The duration of follow-up and the
definitions of failure varied substantially. Most studies
used a cross-sectional approach, establishing HIV-RNA
and genotypic resistance at one point in time. At time of
analysis patients had been on antiretroviral therapy for
3-48 months.

In most studies, virological failure was defined as an
HIV-RNA rebound of greater than 1000 copies per mL.
The proportion of patients in whom there were virological
failures according to this definition was presented in
19 Papers;2,3,12,27,29,41,42,46,51,52,54,68,72,73,84,87%9,95 the overall PI‘OpOI‘thl’l
was 15%. The median proportion of patients experiencing
virological failure across studies was 14% (range 0—43 %,
data derived from 17 of 19 studies). The highest proportion
of virological failure was seen in a Rwandan cohort (43%).
Patients in this study started antiretroviral therapy before
2003, 233 (9%) of whom received monotherapy or dual
therapy instead of HAART.

More lenient definitions of virological failure were
described in nine studies: HIV-RNA greater than
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Number of patients in whom HIV subtype was established (subtype)

Angola®

Botswana"
Botswana™
Burkina Faso™
Burkina Faso®

Burkina Faso,
Mali®

Cameroon”
Cameroon*

Malawi?
Mali®
Mozambique*
Rwanda*
Senegal®
Senegal”
South Africa®*
South Africa®
South Africa”
Tanzania”
Uganda®
Uganda®

Uganda,
Zimbabwe®

Zimbabwe®

Zimbabwe?*

23 (four A, four CRFO1_AE, three C, two B, two F, two G, two H, two CFR14_BG,

one CRF02_AG, one CRF13/CRF11)

16 (C)
24 (23 C, one CRF11_cpx)
6 (three CRF02, two CRF06, one CRF09)
75 (36 CRFO6_cpx, 30 CRF02_AG, 6 Unclear, one A, one B, one CRF09_cpx)
46 (26 CRF02_AG, 12 CRF_AGK/K, eight Other)

72 (44 CRFO2_AG, nine A, seven D, four F, three CRF11_cpx, two G, two CRF13_cpx,

one CRFO1_AE)

35 (22 CRFO2_AG, three F2, 2xCRFO1_AE, two CRF02_AG/F, two CRF11_cpx, two D,

one CRF13_cpx, one A)

50 (C)

22 (22 CRF_02 AG)

12 (eight C, four CRF08)

22 (11 A, eight C, three Other)

39 (23 CFRO2_AG, two O, two A, three B, four C, two G, two ?/K, one G/K)

47 (25 CRF02_AG, five A, five C, three B, three CRF06, two O, two G, one D, one UK)
21(Q)

112 (112 C, one A, one B, one C/))
100 (97 C, three Other)

27 (ten A, ten D, seven C)

NA (A [49%], D [43%], C[5%], Other [3%])
36 (16 A, 15 D, three A/D, two A/E)

20 (eight C, six A, five D, one D/A)

21(C)
20 (C)

CRF=circulating recombinant form. NA=not available.

Table 3: HIV subtypes in sub-Saharan African antiretroviral treatment programmes
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5000 copies per mL or 10000 copies per mL and two
consecutive measurements of high HIV-RNA titres.
Between 2% and 54% of patients had virological failure,
with a median across studies of 10%. Stricter definitions
(viral loads greater than 40-500 copies per mL) were used
in the remaining studies, resulting in higher proportions
failing (overall 1131 [19%)] of 5942 patients; median across
studies 22%, range 6-42%).

In most studies, duration of antiretroviral therapy at
time of failure was undefined and solely on-treatment
analyses were done.

Subtype analysis and drug-resistance development
HIV-1subtypes were reported in 849 patients in 22 studies
in whom treatment failed (table 3). The most prevalent
was subtype C, noted in 399 (47%) patients. The
recombinant form CRF-02_AG was found in 195 patients
(23%), subtype A in 66 patients (8%), and subtype D in
40 patients (5%). Subtype B, which is predominant in
developed countries, was only detected ten times (1%).
The remaining 136 patients (16%) were infected with
various other subtypes, mosaic, and recombinant forms
of HIV-1.

29 studies reported genotypic resistance data. The
frequency of specific mutations was provided in 27 of those
studies, including 734 patients with virological failure.
HIV-RNA genotypic tests were done with commercial
assays in all but two studies, in which in-house assays were
used. All patients had been exposed to nucleoside reverse
transcriptase inhibitors at time of failure. 600 patients
(82%) had also been treated with non-nucleoside reverse
transcriptase inhibitors. 116 (16%) had received protease
inhibitors. The antiretroviral drugs taken by the remaining
18 patients (2%) were not specified.

A summary of the drug-resistance mutations shows that
major mutations happened at 40 different codons (table 4).
All 16 mutations associated with nucleoside reverse
transcriptase inhibitors listed in the drug-resistance list of
the International AIDS Society were recorded.” The most
prevalent drug-resistance mutation was the M184V
mutation conferring resistance to lamivudine and
emtricitabine, which was recorded in 478 patients (65%).
The various thymidine analogue mutations (M41L, D67N,
K70R, L210W, T215Y/F, and K219Q/E) were seen in
540 patients (5-20%) and the K65R mutation in 36 (5%).

11 major mutations associated with non-nucleoside
reverse transcriptase inhibitors were reported. The K103N
mutation, conferring resistance to nevirapine and efavirenz,
was found in 310 patients (52%) exposed to non-nucleoside
reverse transcriptase inhibitors. Other common mutations
associated with non-nucleoside reverse transcriptase
inhibitors included Y181C found in 103 patients (17%),
G190A in 100 (17%), and V106A/M in 79 (13%).

In some studies, additional mutations associated with
non-nucleoside reverse transcriptase inhibitors were
reported.” K101E was detected in 38 patients (6%), M230L
in 16 (3%), and VI79E in 15 (3%). Other mutations
(L101Q, K103S, E138G, V1791/G/V, H221Y, F227L, P236L,
and K238N) were reported in less than 1% of patients
with treatment failure.

Among patients with exposure to protease inhibitors,
seven different major mutations associated with protease
inhibitors were noted. The L90M and the V82A/F/T/S
mutations were seen most common, both found in
18 patients (16%).

Discussion

We identified 69 peer-reviewed papers and 20 abstracts
that provided information on virological outcome of
antiretroviral treatment programmes in sub-Saharan
Africa.

Short-term results are promising. The proportions of
patients with on-treatment success after 6-24 months of
first-line therapy are comparable to those from developed
countries, but intention-to-treat data are less optimistic.

In guidance published by WHO, a list of targets for
antiretroviral therapy programmes in resource-limited
countries is provided. A virological suppression rate of
over 70% at 1 year after starting antiretroviral therapy is
one of these goals.”* Assuming that this advice is on the
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Number of patients (%) Number of patients (%)
NRTI-associated mutations (total 734) (Continued from previous column)
M41L 86 (12) NNRTI-associated mutations (total 600)
A62V 13(2) A98G 14(2)
K65R 36 (5) L1o0l 10 (2)
D67N 118 (16) K101E 38(6)
D67K/N 1(<1) K101KP 1(<1)
D67GN 1(<1) K103N 310 (52)
T69A 4(<1) V106A 12(2)
T69D 8(1) V106M 61(10)
T69I 3(<1) V106A/M 6(1)
T69S 4(1) V108I 40(7)
T69A/E 1(<1) V179D 2(<1)
T69N 5(1) V179F/V 1(<1)
K70E 1(<1) Y181C 92 (15)
K70R 78 (11) Y181l 2 (<1)
K70R/E 19 (3) Y181C/I 11(2)
L74v 9(1) Y188C 2(<1)
V75! 9(1) Y188L 18(3)
F77L 3(<1) Y188C/L/H 12(2)
Y115F 10(1) Y188H 2 (<1)
F116Y 5(1) G190A 81(14)
Q151M 10 (1) G190S 5@
M184l 4(1) G190A/S 19 (3)
M184V 478 (65) G190S/E 1(<1)
M184V/I 1(<1) P225H 29 (5)
M184G/V 1(<1) Pl-associated mutations (total 116)
L210W 38(5) D30N 2(2)
T215F 28 (4) L33F 1(1)
T215Y 85(12) M461 3(3)
T215Y/F 37(5) M46L 303)
T215N 1(<1) M461/L 303)
K219E 19(3) 147V 2(2)
K219Q 17(2) V82A 8(8)
K219Q/E/N/R 13(2) V82F 3(3)
(Continues in next column) V82T 4(4)
V82A/T 2(2)
basis of an HIV-RNA cut-off value of 400 copies per mL, VB2A/TIF/S 1@
80% of programmes with on-treatment analysis and 63% 184v 1@y
with intention-to-treat achieved this target. This is an L9OM 18 (16)
impressive accompliShment given the difficulties NRTI=nucleoside reverse transcriptase inhibitor; NNRTI=non-nucleoside reverse
associated with treatment roll-out in areas where HIV transcriptase inhibitor. Pl=protease inhibitor.
prevalence is high but resources are limited. Table 4: Reported major drug-resistance mutations in 734 patients who
Studies on treatment efficacy after the first years of experiénce A treatment failure

HAART in developed countries, in which similar viral
load cut-off values were used to those implemented in
the African treatment programmes (ie, HIV-RNA less
than 400 copies per mL), reported virological success in
57-75% of patients (intention-to-treat) after 6-12 months
of HAART based on non-nucleoside reverse transcriptase
inhibitors.” " These results are comparable to those seen
in cohorts in sub-Saharan Africa. However, in the reports
from developed countries, many patients were pretreated
with suboptimum regimens. More recent data on the
efficacy of antiretroviral therapy in developed countries
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are better, in particular for patients who were truly
treatment naive who were immediately started on a three-
drug regimen. A review of both clinical trial and non-
trial studies, for example, showed virological success
after 48 weeks of follow-up in 73% (intention to treat) of
patients taking a first line HAART regimen based on
non-nucleoside reverse transcriptase inhibitors. One
recent trial™ even reported viral suppression in 89% of
patients at week 96 (intention to treat).
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The proportions of patients with virological failure in
the treatment programmes in sub-Saharan Africa were
generally comparable to those for on-treatment failure in
patients receiving first-line HAART in the European
EuroSIDA cohort™ if a cut-off of HIV-RNA greater than
1000 copies per mL was used to define failure.

Genotypic-resistance analysis to establish resistance to
antiretroviral drugs is not usually available and therefore
the selection of drugs upon switches is generally
empirical. However, apart from counselling to improve
treatment adherence, insight into the level and
consequences of drug resistance in the treated population
is important to identify the best second-line treatment
regimens and achieve maximum treatment efficacy.

Most knowledge on drug resistance of HIV-1 has been
derived from studies in developed countries, where
subtype B is the predominant subtype. Drug-resistance
profiles might differ between B and non-B HIV-1
subtypes. However, recent data suggest that the overall
drug-resistance profiles in HIV-1 subtype B and
non-subtype B viruses are generally similar for known
resistance-related positions,” suggesting that the
subtype-B-based algorithms to interpret the consequences
of resistance mutations for drug activity, can also be
applied on non-B subtypes. Nevertheless, the possibility
remains that some subtype-specific mutations have not
yet been identified because few well-documented
resistance studies in non-B subtypes have been done.

Mutations recorded in the African cohorts were
associated with commonly prescribed treatment regimens.
Two-thirds of patients experiencing virological failure and
tested for resistance had the M184V mutation. Assuming
that patients who were not tested for resistance despite
virological failure show a similar mutation frequency and
assuming that patients without failure do not harbour this
mutation, virus in an estimated 10% of all patients starting
antiretroviral therapy in sub-Saharan Africa will develop
the M184V mutation within a few years. This mutation
causes high-level resistance to lamivudine and
emtricitabine, but increases the susceptibility of viruses
with initial mutations associated with tenofovir, zidovudine,
and stavudine, thereby delaying the emergence of high-
level resistance to these drugs. This increased susceptibility
is thought to explain the lower frequency of thymidine
analogue mutations™"* and the lower rate of acquisition of
the K65R mutation. Tenofovir, and less frequently
stavudine, can cause selection of this mutation. Although
in-vitro research suggested a more rapid development of
the K65R mutation for subtype C in the absence of
M184V,” we did not find many patients harbouring this
mutation in our Review. The low K65R prevalence in
studies where 399 patients (47%) were infected with
subtype C, might be explained by the limited use of
tenofovir in antiretroviral therapy programmes in Africa.
The K103N mutation was detected in most patients exposed
to non-nucleoside reverse transcriptase inhibitors. Various
other mutations associated with non-nucleoside reverse

transcriptase inhibitors were reported, some of which have
not yet been included in the International AIDS Society-
USA list of drug-resistance mutations because they are
also natural polymorphisms. Not all studies that included
genotyping tests might have included these additional
mutations in their analyses. Therefore, the prevalence of
mutations associated with non-nucleoside reverse
transcriptase inhibitors might be higher than reported
here. Indeed, in one study* that did report on such
additional mutations, mutations associated with non-
nucleoside reverse transcriptase inhibitors accumulated
within patients. Such accumulation might limit future
treatment options with second-line non-nucleoside reverse
transcriptase inhibitor drugs even further.

Since only a few patients received protease inhibitors,
data on resistance mutations associated with this drug
class were scarce. Second-line regimens based on
protease inhibitors therefore seem to be an appropriate
empirical choice for patients experiencing treatment
failure in sub-Saharan Africa. On the basis of the
published resistance data, the commonly available fixed-
dose combination of lamivudine and zidovudine seems
to be a reasonable nucleoside reverse transcriptase
inhibitors backbone treatment for patients given a high
genetic barrier protease inhibitor. By retaining the M184V
mutation, the selection of resistance against thymidine
analogues will be delayed. Even in patients who harbour
virus with the K65R mutation, a zidovudine-containing
salvage regimen might be appropriate because this
mutation increases viral susceptibility to zidovudine.
However, in settings in which treatment switches are
solely on the basis of clinical failure and long-term
virological failure at time of antiretroviral-therapy change
is probable, thymidine-analogue mutations will be more
prevalent. In the presence of thymidine-analogue
mutations, the potency of a lamivudine and zidovudine
containing backbone might be impaired to an extent that
its use can no longer be recommended.

There are some limitations to this Review. First, studies
included were rather heterogeneous in their design, the
definitions used to establish virological success and
failure, and the methodology of data analysis. Second,
even though the reported data on virological efficacy for
antiretroviral treatment programmes in sub-Saharan
Africa are promising, long-term data are still scarce and in
most cases result from on-treatment analyses. Because
retention of patients in antiretroviral therapy programmes
in sub-Saharan Africa is about 60% after 2 years,* results
from intention-to-treat analyses would clearly be lower.
Furthermore, caution is warranted when comparing
results from sub-Saharan Africa with those from developed
countries, because some important differences might
exist between cohorts from both settings. African cohorts
typically have high early mortality and large numbers of
patients lost to follow-up soon after starting antiretroviral
therapy. This pattern is attributed to the advanced disease
stages and low counts of CD4 T cell at start of treatment in
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many patients. Most patients in African treatment
programmes are womern, whereas men are predominant
in settings in developed countries. This probably does not
influence virological treatment outcomes,” but other,
often unreported, differences, such as comorbidities,
dietary intake, socioeconomic status, drug stock outs, and
distance to the hospital might exist, which could have an
effect on the overall treatment success rate. Last, most
data on genotypic resistance come from treatment
programmes in which virological monitoring is available.
In programmes in which such monitoring is not feasible,
patients are at greater risk of continuing a failing treatment
regimen, possibly causing an accumulation of resistance
mutations. As a result, the actual frequency of drug-
resistance mutations might be higher as reported here.

Conclusion

Achieving similar response rates in sub-Saharan Africa
with those seen in developed countries is a substantial
accomplishment considering the rate at which programme
expansions have taken place since 2003 and the substantial
limitations in patient monitoring. However, results from
intention-to-treat analyses showed decreased response
compared with on-treatment analyses, probably caused
by a more advanced stage of infection at start of treatment
in African patients. Therefore, efforts should be made for
earlier detection and treatment of infections with HIV in
sub-Saharan Africa.

The resistance profiles in the included studies, which
all had some viral monitoring, mainly show reduced
susceptibility to lamivudine and non-nucleoside reverse
transcriptase inhibitors. This reduction of susceptibility
suggests that in the absence of thymidine-analogue
mutations, second-line boosted regimens based on
protease inhibitors can still be complemented with a
backbone of nucleoside reverse transcriptase inhibitors.

The continued massive roll-out of treatment and the
absence of regular laboratory monitoring might result in
many patients experiencing (long-term) virological
failure without notice. The continued replication of HIV-1
in these patients might further comprise treatment
options. Therefore, serious efforts should be made to
make newer antiretroviral drug classes available in sub-
Saharan Africa, in conjunction with regular virological
monitoring of all patients on antiretroviral therapy.
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