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Prevalence and Virologic Consequences
of Transmitted HIV-1 Drug Resistance in Uganda

Guinevere Q. Lee,1 David R. Bangsberg,2–5 Conrad Muzoora,2 Yap Boum,2 Jessica H. Oyugi,6,7

Nneka Emenyonu,2 John Bennett,6 Peter W. Hunt,6 David Knapp,1 Chanson J. Brumme,1

P. Richard Harrigan,1 and Jeffrey N. Martin6

Abstract

Few reports have examined the impact of HIV-1 transmitted drug resistance (TDR) in resource-limited settings
where there are fewer regimen choices and limited pretherapy/posttherapy resistance testing. In this study, we
examined TDR prevalence in Kampala and Mbarara, Uganda and assessed its virologic consequences after
antiretroviral therapy initiation. We sequenced the HIV-1 protease/reverse transcriptase from n = 81 and n = 491
treatment-naive participants of the Uganda AIDS Rural Treatment Outcomes (UARTO) pilot study in Kampala
(AMU 2002–2004) and main cohort in Mbarara (MBA 2005–2010). TDR-associated mutations were defined by
the WHO 2009 surveillance mutation list. Posttreatment viral load data were available for both populations.
Overall TDR prevalence was 7% (Kampala) and 3% (Mbarara) with no significant time trend. There was a
slight but statistically nonsignificant trend indicating that the presence of TDR was associated with a worse
treatment outcome. Virologic suppression (£ 400 copies/ml within 6 months posttherapy initiation) was
achieved in 87% and 96% of participants with wildtype viruses versus 67% and 83% of participants with TDR
(AMU, MBA p = 0.2 and 0.1); time to suppression (log-rank p = 0.3 and p = 0.05). Overall, 85% and 96% of
study participants achieved suppression regardless of TDR status. Surprisingly, among the TDR cases, ap-
proximately half still achieved suppression; the presence of pretherapy K103N while on nevirapine and fewer
active drugs in the first regimen were most often observed with failures. The majority of patients benefited from
the local HIV care system even without resistance monitoring. Overall, TDR prevalence was relatively low and
its presence did not always imply treatment failure.

Introduction

Transmitted HIV drug resistance (TDR) tends to im-
pact therapeutic outcomes. Studies on North American

and European patients infected with predominantly subtype-B
HIV showed that treatment-naive patients infected with drug-
resistant HIV who subsequently initiated antiretroviral therapy
suffered a 2- to 5-fold higher risk of virologic failure and/or a
faster rate of virologic failure compared to individuals infected
with drug-susceptible viruses.1–4 Based on this evidence,
treatment guidelines for treatment-naive patients in developed
countries strongly recommend genotypic resistance testing
before initiation of antiretroviral therapy.5–10

In contrast and despite an expanded access to antiretroviral
therapy in developing countries where non-B HIV subtypes
predominate, pretherapy genotypic resistance testing is gen-
erally not available for clinical use. Reports have shown an
increase in TDR prevalence in countries with expanding
access to antiretroviral therapy,11–15 though relatively little is
known about the impact of non-subtype-B TDR on treatment
outcomes specifically in resource-limited settings such as in
sub-Saharan African countries, especially in rural commu-
nities. One study reports TDR prevalence in Kampala, the
capital of Uganda, from 2009 to 2010 was 8.6%, but did not
examine virologic response.16 Due to narrower regimen
choices compared to developed countries and the lack of a
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posttherapy resistance monitoring system in Uganda, espe-
cially in rural settings, TDR is an important concern that
should be monitored and addressed.

The Uganda AIDS Rural Treatment Outcomes (UARTO)
cohort is a rollout setting in which patients were given anti-
retroviral regimens without guidance from pretherapy resis-
tance testing. In this study, we retrospectively evaluated the
prevalence, temporal changes of TDR, and virologic conse-
quences of pretherapy genotypic drug resistance using stored
plasma specimens collected between 2002 and 2004 from the
capital city of Kampala and between 2005 and 2010 from a
rural community of Mbarara, 280 km southwest of Kampala.
These results provided a glimpse into the prevalence and
impact of TDR in an African setting where drug resistance
monitoring is not available for clinical decision making.

Materials and Methods

Cohort description

UARTO17 is a cohort of initially treatment-naive HIV-
infected subjects followed primarily at the Immune Sup-
pression Syndrome (ISS) Clinic in Mbarara, Uganda. Patient
identifier ‘‘AMU’’ denotes subjects from the UARTO pilot
study enrolled in Kampala between 9/3/2002 and 3/12/2004,
and ‘‘MBA’’ denotes subjects from the main cohort in
Mbarara between 6/27/2005 and 4/8/2010. These patient
identifiers were chosen to be consistent with previous
UARTO publications and for the ease of references within
this article. AMU participants received HIV RNA monitoring
at 12 and 24 weeks for up to 96 weeks. MBA participants
received HIV RNA monitoring at *3 month intervals for up
to 7.5 years. The AMU study was approved by the Makerere
University Faculty of Medicine Human Subjects Committee.
The MBA study was approved by the Mbarara University
of Science and Technology Human Subjects Committee
and Partners Healthcare Human Subjects Committee. Both
studies were approved by the Uganda Council of Science and
Technology. This study was approved by the University of
British Columbia/Providence Health Care Research Ethics
Board (H11-01642) and the University of California Human
Research Subjects Committee.

Drug resistance genotyping by Sanger bulk
sequencing

Total nucleic acid was extracted from 500 ll of plasma
samples using NucliSENS easyMag (bioMérieux); reverse
transcription and cDNA synthesis were performed with the
SuperScript III One-Step RT-PCR System (Invitrogen) fol-
lowed by ‘‘nested’’ second-round polymerase chain reaction
(PCR) as previously described.18 Bulk sequencing was per-
formed on an ABI 3730 DNA Sequencer using the BigDye
Terminator v3.1 Cycle Sequencing Kit (Applied Biosys-
tems). Resulting chromatograms were aligned with HXB2
and base called using in-house software RECall.19 Resulting
sequences corresponding to HXB2 pol 2253–3269 or 2253–
3749 were uploaded to GenBank (accession number KJ906625–
KJ 907196).

Definitions

The presence of transmitted drug resistance mutations was
defined as the detection of any one of the mutations listed in

the WHO 2009 surveillance mutations list20; this list contained
only resistance mutations associated with protease and
(non)nucleoside reverse transcriptase inhibitors [PI/(N)NRTI]
adjusted for non-B subtype polymorphisms. Posttherapy PI/
(N)NRTI resistance mutations were defined as the detection of
any one of the mutations listed in the Stanford University HIV
Drug Resistance Database updated in 2011/2012.21,22 HIV-1
subtypes were determined based on minimal Hamming dis-
tance compared to subtype reference sequences of HIV-1
pol downloaded from the Los Alamos HIV sequence data-
base; all sequences in this study were also subtyped by and
were confirmed to be 97% identical to the REGA HIV-1
Subtyping Tool Version 2.0 (http://dbpartners.stanford.edu/
RegaSubtyping/) and also were 97% identical to the Los
Alamos RIP 3.0 recombinant identification program (win-
dow size 400, confidence threshold 95%, www.hiv.lanl.gov/
content/sequence/RIP/RIP.html). For consistency, virologic
suppression was defined as having a viral load £ 400 copies
HIV-RNA/ml as the viral load detection limit changed from
400 copies/ml in early samples to 40 copies/ml in 2006 onward.

Screening pretherapy samples for the presence
of antiretroviral drugs

Since patients’ self-reported therapy history was used to de-
termine their antiretroviral drug-naive status, high-performance
liquid chromatography coupled with tandem mass spectros-
copy (HPLC-MS/MS) was used to measure drug concentra-
tions in pretherapy plasma samples that were found to have
baseline genotypic drug resistance. Drug level measurement
was performed as previously described23 using an Agilent
HPLC 1100, Applied Biosystem API 2000 mass spectrome-
ter, Agilent XDB-C8 guard column, and Agilent Eclipse
XDB-C18 column (50 mm). Briefly, 400 ll of acetonitrile was
added to 100 ll of plasma samples to precipitate plasma
proteins. Samples were filtered with a 30,000 MW cut-
off spin column (Millipore, Bedford, MA) diluted 1:1 in
ammonium acetate and subsequently put through the HPLC-
MS/MS system. The antiretrovirals measured were nevir-
apine (NVP), amprenavir (APV), indinavir (IDV), nelfinavir
(NFV), saquinavir (SQV), ritonavir (RTV), lopinavir (LPV),
efavirenz (EFV), atazanivir (ATV), tipranavir (TPV), dar-
unavir (DRV) and/or raltegravir (RAL), etravirine (ETV),
maraviroc (MVC), lamivudine (3TC), and abacavir (ABA).

Results

Baseline characteristics

In the UARTO pilot study (Kampala/AMU), a total of 62%
participants were female with a median age of 36 years (IQR
30–40), baseline log viral load of 5.5 (IQR 4.9–5.8), and
baseline CD4 count of 60 (IQR 12–136). All AMU partici-
pants received generic fixed dose combinations of d4T/3TC/
NVP as a first regimen. In the UARTO main cohort (Mbar-
ara/MBA), a total of 70% of participants were female with
a median age of 35 years (IQR 29–39), baseline viral load
of 5.1 log10 HIV-RNA copies/ml (IQR 4.7–5.6), and base-
line CD4 count of 131 (IQR 74–197). Initial regimens were
primarily NVP based (86%) and EFV based (12%) in com-
bination with lamivudine (3TC) and zidovudine (AZT)
backbones. HIV subtypes were predominantly A and D in both
communities (AMU 43% A, 44% D; MBA 49% A, 43% D).

UARTO TRANSMITTED DRUG RESISTANCE 897



In the current study, baseline genotypic drug resistance profiles
were successfully obtained for n = 81 AMU and n = 491 MBA
subjects.

Prevalence of pretherapy drug resistance

Among the AMU (Kampala) subjects enrolled between
2002 and 2004, pretherapy mutations defined by the WHO
2009 surveillance mutations list20 were detected in 6/81 (7%)
(Table 1). Three had NRTI-, one had NNRTI-, one had PI-,
and one had both NRTI- and NNRTI-associated mutations.
However, HPLC-MS/MS of these six resistant plasma sam-
ples revealed a detectable drug concentration (EFV) in one,
suggesting at least one patient was not really drug naive. All
six were female of age 27–41 years; all reported having
child(ren) and/or a history of pregnancy, but pregnancy dates
were not collected. Baseline viral load, CD4 counts, age, and
gender between those with and without TDR were not sig-
nificantly different (Supplementary Table S1; Supplementary
Data are available online at www.liebertpub.com/aid).

Among the MBA (Mbarara) subjects with collection dates
between 2005 and 2010, pretherapy mutations were detected
in 15/491 (3%) (Table 2). Four had NRTI-, nine had NNRTI-,
and two had both NRTI- and NNRTI-associated mutations.
None had PI-associated mutations. Of these 15 TDR cases,
14/15 (93%) were females of age 22–37 years; two reported
‘‘pregnancy within 12 months prior to study enrollment.’’
HPLC-MS/MS of the 15 resistant samples revealed detect-
able drug concentrations (all NVP) in three female subjects
(MBA 1118, 1309, and 1470, ages 22, 27, and 30 years; all
harbored K103N), suggesting unacknowledged NVP use;
however, none of these three subjects reported pregnancy in
the previous 12 months. Baseline viral load and CD4 count
between those with and without TDR were not significantly
different (Supplementary Table S1). Patients with TDR were
significantly younger (median 28 vs. 35 years; p = 0.001) and
were more likely to be female (93% vs. 69%; p = 0.05).

After stratifying samples by year of collection (Table 3) no
statistically significant change in the prevalence of TDR was
observed over time (AMU 2002–2004 ptrend = 0.2, MBA
2005–2010 ptrend = 0.9, Cochran–Armitage test for trend).

Virologic consequences

We compared virologic outcomes in the first 6 months after
therapy initiation between subjects with and without pre-
therapy resistant viruses. Of the 81 AMU subjects, 74 (68
wildtype, 6 TDR) had at least one pretherapy viral load mea-
surement and one between > 0 and £ 180 days posttherapy.
Virologic suppression (at least one viral load £ 400 copies/ml
within 180 days posttherapy) was achieved in 63/74 (85%)
overall, or 59/68 (87%) pretherapy wildtype versus 4/6 (67%)
TDR cases (Fisher’s exact test, two-tailed, p = 0.2, Fig. 1a). Of
the 491 MBA subjects, 423 (411 wildtype, 12 TDR) had at
least one pretherapy viral load measurement and one between
> 0 and £ 180 days posttherapy. Virologic suppression (at least
one viral load £ 400 copies/ml within 180 days posttherapy)
was achieved in 404/423 (96%) overall, or 394/411 (96%)
pretherapy wildtype versus 10/12 (83%) TDR cases (Fisher’s
exact test, two-tailed, p = 0.1, Fig. 1b).

Next, we compared time to virologic suppression (duration
between the start of therapy and the date of the first post-
therapy viral load £ 400 copies/ml) between the pretherapy

wildtype and the resistance groups using Kaplan–Meier
methods in an intent-to-treat analysis. Of the 81 AMU sub-
jects, 74 (68 wildtype, 6 TDR) had at least one viral load
measurement pretherapy and one posttherapy; overall, 67/74
(91%) eventually achieved suppression with a median time to
suppression of 90 days (IQR 85–99). Of the 68 patients with
pretherapy wildtype HIV, 62/68 (91%) achieved suppression
in a median of 90 days (IQR 84–99) and the remaining six
were censored at 85, 176, 184, 188, 199, and 299 days
posttherapy. In comparison, 5/6 (83%) of the TDR indi-
viduals achieved suppression in a median of 97 days (IQR
85–100) and the remaining 1/6 was censored at 476 days
posttherapy (AMU037). This difference was not statistically
significant (Fig. 1c, Kaplan–Meier curve, log-rank test,
p = 0.3). Of the 491 MBA subjects, 439 (426 wildtype, 13
TDR) had at least one viral load measurement pretherapy and
one posttherapy; overall, 434/439 (99%) eventually achieved
suppression with a median time to suppression of 85 days
(IQR 83–97). Of the 426 patients with pretherapy wildtype
HIV, 422 (99%) achieved suppression in a median of 85 days
(IQR 83–97) and the remaining four were censored at 90, 92,
164, and 668 days posttherapy. In the pretherapy resistance
group, 12/13 (92%) achieved suppression in a median of 89
days (IQR 83–172); the remaining individual never achieved
virologic suppression while on continuous treatment and was
censored at 628 days posttherapy. The difference between the
two groups was of borderline significance (Fig. 1d, Kaplan–
Meier curve, log-rank test, p = 0.05.)

We further explored baseline characteristics that could
introduce bias to our observations. In both the AMU and the
MBA cohort, baseline viral load, CD4 count, age, and gender
were not significantly different between the group that
achieved and the group that did not achieve virologic sup-
pression in both populations with one exception. A signifi-
cantly higher baseline CD4 count (median 68 versus 19;
Mann–Whitney test, two-tailed, p = 0.04) was observed in
AMU participants who achieved suppression within 180 days
posttherapy (Supplementary Tables S2 and S3). Subtype bias
may be introduced because subtype D has been shown with
limited evidence to have a more rapid disease progression in
treatment-naive individuals in Africa24–27; no statistically
significant difference was found between D and non-D sub-
types (Supplementary Tables S1–3).

Other definitions of virologic suppression (defined as
having two consecutive viral loads £ 400 copies/ml) and
exclusion criteria (excluding patients with pretherapy de-
tectable drug levels and/or regrouping TDR cases that first
regimen did not contraindicate with their TDR profile as non-
TDR cases) were explored and showed similar results (results
not shown).

Finally, we explored the details of posttreatment virologic
and treatment history in the 6 AMU and 13 MBA TDR in-
dividuals with longitudinal viral load follow-up data. Among
the six AMU TDR cases (Table 1, lower half ), 2/6 (33%)
were prescribed initial regimens that were appropriate, given
their TDR profiles (i.e., three active drugs); both achieved
lasting virologic suppression until study cutoff (AMU001 and
AMU012). In the remaining 4/6 (67%) who were prescribed
initial regimens contraindicated by their TDR profiles, two
experienced virologic failure (defined as unsuppressed viral
load > 400 copies/ml, AMU037 and AMU049; one or no ac-
tive drug) while surprisingly the other two experienced lasting
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virologic suppression for 392 and 256 days until study cutoff
(AMU055 and AMU071; two active drugs each, despite pre-
therapy K103N in AMU071). Once suppressed, we observed
no cases of virologic rebound among these cases until study
cutoff.

Of the 13 MBA TDR cases with longitudinal viral load
follow-up (Table 2, lower half ), only one (MBA 1323) re-
ceived an initial regimen that was not contraindicated by the
pretherapy resistance profile (i.e., three active drugs). This
patient achieved and maintained virologic suppression
throughout the study duration. In the remaining 12/13 (92%)
who were prescribed initial regimens contraindicated by their
pretherapy resistance profiles, virologic failure was observed
in 4/12 (33%) for 252–835 days (MBA 1057, 1202, 1300,
1309; all had NNRTI-associated mutations K101E, K103N,
or Y181C; all received NVP; one to two active drugs). One of
them never achieved virologic suppression and did not have
their regimen modified until study cutoff, and three of them
achieved suppression only when removed from NNRTI-
containing regimens. Again surprisingly, 5/12 (42%) who
received contraindicated first regimens (MBA 1118, 1161,
1347, 1466, 1467; two active drugs each) experienced con-
tinuously suppressed viral loads (despite the presence of
K103N in two of them, and except for a single blip observed
in MBA 1118). The remaining 3/12 (25%) patients receiving

Table 3. Percentage Prevalence of Pretherapy

Drug Resistance Stratified by Year

Year

No
resistance

(n)a

Yes
resistance

(n)b

Pretherapy
resistance

(%)

AMU Kampala
2002 (n = 17) 15 2 11.8
2003 (n = 51) 48 3 5.9
2004 (n = 12) 12 0 0.0
AMU total (n = 80) 75 5 6.3

MBA Mbarara
2005 (n = 61) 60 1 1.6
2006 (n = 124) 122 2 1.6
2007 (n = 168) 162 6 3.6
2008 (n = 93) 90 3 3.2
2009 (n = 36) 36 0 0.0
2010 (n = 6) 6 0 0.0
MBA total (n = 488) 476 12 2.5

aThis table includes two individuals who were unenrolled later
due to suspected prior antiretroviral use or for reasons other than not
being antiretroviralnaive; pretherapy resistance was not detected in
either subject.

bPatients with pretherapy plasma drug concentrations detected by
HPLC-MS/MS were excluded for a closer estimate of the preva-
lence of transmitted drug resistance.

a c

b d

FIG. 1. Virologic consequences of pretherapy resistance. (a) Percentage of AMU individuals who achieved virologic
suppression ( £ 400 copies/ml) in the pretherapy wildtype versus the transmitted drug resistance (TDR) group. (b) Same as
(a), MBA. (c) Kaplan–Meier plot showing time to virologic suppression in AMU individuals with pretherapy wildtype virus
versus TDR. (d) Same as (c), MBA.
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contraindicated regimens (MBA 1450, 1294, and 1470; two
active drugs each) achieved initial suppression for 416, 754,
and 168 days despite pretherapy K103N mutations and NVP
in the first regimen, but later rebounded and remained with
detectable viremia without regimen modification for 1015,
1058, and 170 days until study cutoff. In comparison, among
the 397 pretherapy wildtype cases that had comparable data
(at least one pretherapy and four posttherapy viral load
measurements), 4/397 (1%) were never suppressed, 351/397
(88%) had suppressed viral load for the duration of follow-
up, and 42/397 (11%) experienced postsuppression viral load
rebound (defined as having two consecutive > 400 copies/ml)
at a median of 674 (IQR 416–1088) days posttherapy.

Posttherapy genotypic resistance (sequence) data were
available for eight MBA TDR cases; all eventually developed
other NRTI and/or NNRTI resistance mutations (Table 4).
The most common additional resistance mutation observed
was M184V; all eight developed this mutation after receiving
3TC/d4T and/or 3TC/AZT. Only 1/8 subjects received PI
lopinavir (LPV), but resistance to LPV was not detected.

Discussion

Our study showed that in the UARTO cohort, the overall
prevalence of HIV-1 TDR defined by WHO’s 2009 trans-
mitted drug resistance mutations list20 was 7% in Kampala’s
2002–2004 pilot study (AMU, n = 81) and 3% in Mbarara’s
main cohort 2005–2010 (MBA, n = 491) with no statistically
significant changes in prevalence over time. In both cities,
regardless of TDR status, we saw high overall rates of viro-
logic suppression (85% AMU and 96% MBA participants
suppressed 180 days posttherapy; 91% AMU and 99% MBA
participants eventually suppressed in a median of 90 and 85
days, respectively). We also observed that TDR cases were
often prescribed first regimens that were contraindicated by
their TDR profiles, but also showed a negative, but non-
statistically significant, impact of TDR on virologic outcome.
Importantly, patients with TDR, even K103N, did not always
experience virologic failure.

In the first part of the study, our reported TDR preva-
lence was comparable to WHO’s 2006 Kampala surveillance

Table 4. Posttherapy Resistance Profiles of MBA Patients with Pretherapy Resistance Mutations

Patient ID Date Timing NRTI NNRTI Regimen

MBA1057 11/1/2005 Pre-ARV T69A/D/N/T Y181C/Y —
MBA1057 5/22/2006 Post-ARV Wildtype Wildtype 3TC/d4T/NVPa

MBA1057 11/22/2006 Post-ARV D067N, T069D, K070K/R,
M184V, K219N

K103N, Y181C 3TC/d4T/NVP

MBA1057 6/14/2007 Post-ARV D067N, T069D, K070R,
M184V, K219N

K103N, Y181C 3TC/AZT/NVP

MBA1057 9/6/2007 Post-ARV D067N, T069D, K070R,
M184V, L210L/V,
K219N

K103N, Y181C 3TC/AZT/NVP

MBA1057 2/14/2008 Post-ARV D067N, T069D, K070R,
M184V, K219N

K103N, Y181C 3TC/AZT/NVP

MBA1118b 8/10/2006 Pre-ARV Wildtype K103K/N —
MBA1118 1/10/2008 Post-ARV Wildtype Wildtype 3TC/d4T/NVPa

MBA1118 5/27/2009 Post-ARV M184V K103N Untreated
MBA1202 1/18/2007 Pre-ARV Wildtype K103K/N, Y181C/Y —
MBA1202 6/11/2007 Post-ARV M184V K103K/N, Y181C 3TC/d4T/NVPa

MBA1202 7/4/2007 Post-ARV M184V K103K/N, Y181C 3TC/d4T/NVP
MBA1202 12/13/2007 Post-ARV M184V Y181C 3TC/d4T/NVP
MBA1294 6/28/2007 Pre-ARV Wildtype K103K/N/R/S —
MBA1294 11/30/2009 Post-ARV Wildtype K103N 3TC/AZT/NVPa

MBA1294 3/17/2010 Post-ARV M184V K103N, M230L 3TC/AZT/NVP
MBA1300 7/13/2007 Pre-ARV Wildtype K101E/K —
MBA1300 10/15/2007 Post-ARV M184V K101E 3TC/AZT/NVPa

MBA1300 3/26/2008 Post-ARV M184V K101E/K, G190A 3TC/AZT/NVP
MBA1300 6/19/2008 Post-ARV M184V G190A 3TC/AZT/NVP
MBA1300 8/28/2008 Post-ARV M184V G190A 3TC/AZT/NVP
MBA1300 4/1/2009 Post-ARV M184V G190A 3TC/AZT/NVP
MBA1309b 7/31/2007 Pre-ARV M184V K103N —
MBA1309 10/24/2007 Post-ARV M184V K103N, E138E/Q 3TCa/AZT/NVPa/LPV
MBA1309 1/15/2008 Post-ARV M184V K103N, E138E/Q 3TC/d4T/NVP/LPV
MBA1309 4/8/2008 Post-ARV M184V K103N, E138Q 3TC/d4T/NVP/LPV
MBA1450 9/11/2008 Pre-ARV Wildtype K103N —
MBA1450 2/3/2010 Post-ARV M184V K103N 3TC/AZT/NVPa

MBA1470b 11/4/2008 Pre-ARV Wildtype K103N —
MBA1470 7/20/2009 Post-ARV K070K/R, M184V K103N 3TC/AZT/NVPa

MBA1470 1/6/2010 Post-ARV M184V, L210L/W, T215Y K103N, M230L 3TC/AZT/NVP

aDrugs in the initial ARV regimens that the patients might not have received if their pretherapy resistance profiles were known.
bPatients who had detectable plasma drug concentration pretherapy (see Table 2).
All other patients developed additional drug resistance mutations over time. No PI-associated resistance mutations were detected.
Only MBA, not AMU, patients had follow-up resistance genotyping. MBA 1130 and 1306 were lost to follow-up. MBA 1161, 1323,

1347, 1466, and 1467 had no longitudinal sequences available.
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estimate at < 5%28; no rural community surveillance data are
available for comparison with our Mbarara results. Mutation
types observed were also consistent with claims that TDR in
resource-limited settings is driven mainly by (N)NRTI re-
sistance29,30 and with the fact that AZT/3TC/NVP or AZT/
3TC/EFV is the recommended first-line regimen in the
Ugandan national guidelines.31

The lack of time trends in pretherapy resistance prevalence,
however, contrasted with reports that TDR is on the rise
globally,3,29,30,32,33 with the most extreme being East Africa
experiencing a 29% increase/year,34 but could be limited by
our small number of TDR cases leading to a lack of statistical
power, or differences in antiretroviral rollout staging com-
pared to previous reports. These results were also limited by
the cohort’s heterogeneity in disease progression status,32 the
reversion and/or persistence of selected mutations,35–41 as well
as the often inaccurate self-reported treatment-naive status as
shown by our HPLC-MS/MS analysis and the lack of pregnancy-
related NVP usage information.

In the second part of the study, we reported that the ma-
jority of study participants achieved virologic suppression;
patients with TDR defined by WHO’s 2009 transmitted drug
resistance mutations list, even those with K103N, did not
always experience treatment failure when prescribed regi-
men(s) that were contraindicated by their TDR profiles. In
other words, even though studies have shown that NNRTI-
based regimens negatively affect treatment outcomes more
than mutations from other drug classes,1 our results suggest
that the detection of one or more of the mutations in the WHO
TDR mutation list does not immediately imply treatment
failure.

In fact, the total number of these observed TDR mutations,
their identities, as well as the subsequent antiretroviral regi-
men prescribed all seemed to play a role in therapy outcome.
For instance, P225H, the only TDR mutation from the WHO
list observed in patient MBA 1323 (Table 2), is an NNRTI-
associated nonpolymorphic mutation that usually occurs in
combination with K103N.21,22 In vitro, P225H alone causes
only a 3-fold increase in IC50 against NVP,42,43 but a 150-fold
increase if it occurred in combination with K103N.43 Patient
MBA 1323 subsequently received 3TC/AZT/NVP (two fully
active drugs) and stayed on this same regimen with sup-
pressed viral load for almost 5 years until the study cutoff,
suggesting that the observation of a lone transmitted P225H
in this particular case did not impact treatment outcome.

Similarly, K103N is an NNRTI-associated nonpolymor-
phic mutation that alone causes a 50-fold increase in IC50

against NVP in vitro44,45 but a > 1,600-fold increase in
combination with Y181C.42 In this study, when K103N was
the only TDR mutation identified (in AMU 071, MBA 1118,
1466, 1450, and 1470, Tables 1 and 2), all patients experi-
enced either sustained or prolonged but transient virologic
suppression despite receiving an NVP-containing regimen,
presumably due to the two other fully active NRTIs in the
background. In contrast, when K103N was observed together
with other TDR mutations (in AMU 049 and MBA 1202 and
1309), all patients failed to achieve virologic suppression
with NVP-containing regimens. Note that although AMU
049 and MBA 1309 had zero or only one fully active drug,
MBA 1202 did receive two fully active NRTIs, but this did
not seem to be enough to overcome the effect of K103N in
combination with Y181C. In addition, we observed that

MBA 1202 and 1309 achieved immediate virologic sup-
pression when NVP was switched-out and was replaced with
a protease inhibitor (LPV).46,47

The same can be said about NRTI-associated mutations:
the phenotypic effect of a lone detection of M41L, K70E,
M184V, or K219Q (in AMU001, 071, MBA1161, 1347, and
1467) was simply not large enough to compromise the 3TC,
d4T/AZT with NVP regimens (two fully active drugs); those
who failed to achieve virologic suppression either had zero or
one active drug in the regimen or had multiple TDRs. Taken
together, these observations suggest that the mere observa-
tion of TDR does not doom a treatment regimen to failure; the
net phenotypic effect on the treatment regimen needs to be
considered.

Finally, it must be noted that although we did observe a
slight but nonstatistically significant trend indicating that the
presence of any TDR mutations would negatively impact
treatment outcome, our statistical analysis was limited by the
small number of cases in the TDR group. These results were
also limited by the inability of bulk sequencing technology to
detect low-frequency variants that had been shown to affect
treatment outcomes,48–53 and that patients with HPLC-MS/
MS detectable pretherapy plasma drug levels were included
in all virologic outcome analyses because HPLC-MS/MS
was not performed on plasma samples with wildtype viruses.
Our results agreed with reports that subtype-D infection was
not associated with a worse virologic outcome,54,55 which
implied that the observed difference in suppression was not
biased by subtype differences.

In terms of clinical management of TDR cases if pretherapy
resistance testing were ever going to become available in these
communities, our study provided the following insights: (1) for
those failing therapy, a change to a potentially active drug led
to immediate virologic improvement, (2) some patients were
kept on the same failing regimens with a continuously moni-
tored and detectable viral load for as long as 3 years, sug-
gesting that viral load information was sometimes not used in
clinical decision making or that regimen options were severely
limited, and (3) three of the MBA TDR cases were initially
suppressed and then experienced virologic rebound, demon-
strating that antiretroviral-induced virologic suppression in
individuals with TDR could be transient.

Conclusions

In conclusion, we showed that there was a low TDR prev-
alence in both Kampala and Mbarara with no significant time
trend and that over 90% of the study participants benefited
from the HIV therapy. Importantly, we showed that almost half
of the TDR cases defined by WHO did not experience treat-
ment failure. Together, these observations imply that even
without pretherapy resistance testing, this health care system
was largely beneficial at least until virologic rebound and/or
until the further development of resistance. It also points out
that although the WHO’s 2009 list of transmitted drug resis-
tance may be important for surveillance purposes, the presence
of one or more mutations in the list did not predestine a patient
to treatment failure even if the patient was put on a regimen
that was partially contraindicated by the TDR mutation(s).
Future studies should also examine the long-term impact of the
lack of posttherapy resistance testing on clinical outcome and
survival in such resource-limited settings.
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