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Background. Pre-antiretroviral-treatment drug resistance (PDR) is a predictor of human immunodeficiency virus (HIV) treat-
ment failure. We determined PDR prevalence and correlates in a Kenyan cohort.

Methods. We conducted a cross-sectional analysis of antiretroviral (ARV) treatment-eligible HIV-infected participants. PDR 
was defined as ≥2% mutant frequency in a participant’s HIV quasispecies at pol codons K103N, Y181C, G190A, M184 V, or K65R by 
oligonucleotide ligation assay and Illumina sequencing. PDR prevalence was calculated by demographics and codon, stratifying by 
prior ARV experience. Poisson regression was used to estimate prevalence ratios.

Results. PDR prevalences (95% confidence interval [CI]) in 815 ARV-naive adults, 136 ARV-experienced adults, and 36 pre-
dominantly ARV-naive children were 9.4% (7.5%–11.7%), 12.5% (7.5%–19.3%), and 2.8% (0.1%–14.5%), respectively. Median 
mutant frequency within an individual’s HIV quasispecies was 67%. PDR prevalence in ARV-naive women 18–24 years old was 
21.9% (9.3%–40.0%). Only age in females associated with PDR: A 5-year age decrease was associated with adjusted PDR prevalence 
ratio 1.20 (95% CI, 1.06–1.36; P = .004).

Conclusions. The high PDR prevalence may warrant resistance testing and/or alternative ARVs in high HIV prevalence settings, 
with attention to young women, likely to have recent infection and higher rates of resistance.
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Human immunodeficiency virus type 1 (HIV-1) infection 
continues to be a serious health threat globally, particularly in 
low-resource countries. Whereas antiretroviral (ARV) therapy 
(ART) has significantly improved the health and quality of life 
of HIV-infected individuals [1, 2], the selection and transmis-
sion of drug-resistant HIV have increased with increasing time 
since ART “roll-out” [3]. Individuals with drug-resistant HIV 
(DR-HIV) are at increased risk for treatment failure, leading 
to poor health outcomes and higher risk of transmitting HIV 
[3–5]. While testing for DR-HIV is performed in resource-rich 
countries to guide clinicians in the selection of ART, most low-
er-resource countries do not routinely test for DR-HIV [6–8]. 
In lower-resource settings, first-line combination therapies 

containing nonnucleoside transcription inhibitors (NNRTIs) 
are provided gratis, and those who experience first-line treat-
ment failure are prescribed second-line combination therapies 
with protease inhibitors. Should treatment failure to second-line 
combinations occur, third-line combinations are generally avail-
able only to individuals with the means to purchase the drugs 
[9–14]. Thus, understanding the burden and epidemiology of 
DR-HIV in these populations is important for evaluating the 
effectiveness of currently dispensed ART and for determining 
when and how to modify programmatic ART strategies.

The World Health Organization (WHO) defines pre-antiret-
roviral-treatment drug resistance (PDR) as DR-HIV in adult 
populations starting ART, and transmitted drug resistance 
(TDR) as DR-HIV in recently infected populations [15]. TDR is 
often defined more broadly as DR-HIV infection among those 
who were previously uninfected with HIV [3]. Generally, PDR 
includes, but is not limited to, TDR. These terms are distinct 
from acquired drug resistance (ADR), which refers to likely 
selection of DR-HIV in ART-experienced individuals, usually 
after virologic failure [3, 15].

On average, younger HIV-infected adults have been 
infected for less time than older individuals [16]. Therefore, 
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in communities with increasing prevalence of DR-HIV, it log-
ically follows that those infected with HIV more recently may 
be more likely to have TDR. Young women, who account for 
25% of all new HIV infections in sub-Saharan Africa [17], may 
also be at a particularly high risk of TDR in the region, as they 
are more likely to have been infected with HIV via older part-
ners [18, 19] with potentially higher likelihoods of ART use due 
to longer duration of infection. An additional risk factor for 
DR-HIV is prior ARV experience, which may occur in women 
and children with a history of using mono- or dual-therapy 
ARVs previously recommended for prevention of mother-to-
child transmission (PMTCT) [20–24]. Geographic locations 
may differ in the risk of PDR. For example, persons in urban 
centers may have a higher DR-HIV prevalence compared with 
rural communities due to earlier ART scale-up [12].

To address an objective of the WHO 2016–2021 Global 
Action Plan For HIV Drug Resistance, and generate evidence 
to inform policy [3], we report our analysis of risk factors asso-
ciated with PDR in a large cohort of HIV-infected individuals 
initiating ART at 3 sites, 1 rural and 2 urban clinics, in Kenya 
between May 2013 and November 2014, including among 
women of childbearing age, who may be at especially high risk 
of PDR. Understanding the burden of PDR is crucial to ensur-
ing that pregnant and breastfeeding women receive effective 
HIV treatment for PMTCT.

METHODS

Study Setting and Design

We conducted a cross-sectional analysis of PDR using pre-ART 
baseline data collected from individuals initiating ART at the 
Coptic Hope Center for Infectious Diseases, a network of HIV 
treatment clinics that administer care based on Kenya national 
guidelines [25]. In 2013–2014, Hope Center patients who were 
2 years of age and older and eligible to initiate ART were invited 
to enroll into a randomized clinical trial (RCT) examining 
the use of a sensitive point mutation assay to detect and man-
age PDR (RCT name: Oligonucleotide Ligation Assay (OLA) 
Resistance Study; ClinicalTrials.gov identifier: NCT01898754). 
This RCT was implemented at 3 Coptic Hope Center clinic 
sites, 2 located in urban Nairobi and the third in rural Maseno 
in Western Kenya. Participants with a history of prior use of 
ARV administered from another clinic, for PMTCT, or post-
exposure prophylaxis, were not excluded. At enrollment, prior 
to clinicians prescribing ART, blood samples were collected 
along with sociodemographic information, medical history, 
and risk behaviors. For this analysis, information regarding 
prior ARV use was obtained from the study enrollment form 
and the Hope Center medical records. All participants provided 
written informed consent prior to study enrollment as approved 
by Human Subjects’ Committees at Seattle Children’s Hospital 
in Seattle, Washington, and Kenyatta National Hospital in 
Nairobi, Kenya.

Pre-ART peripheral blood mononuclear cells (PBMC) under-
went nested polymerase chain reaction (PCR) of HIV pol to 
generate amplicons for oligonucleotide ligation assays (OLA) 
to detect point mutations K103N, Y181C, G190A, M184V, and 
K65R. Our and others previous studies have shown that virologic 
failure during ART with NNRTIs nevirapine or efavirenz is asso-
ciated with mutations K103N, Y181C, and G190A, to the NRTIs 
lamivudine and emtricitabine by M184V, and to the NRTI teno-
fovir disoproxil fumarate by K65R [4, 26–28]. PBMC were used 
because we have found that OLA detection of DR-HIV is similar 
to plasma among untreated individuals, and testing of PBMC is 
less costly compared to testing plasma. For OLA, the proportion 
of mutant in each participant’s HIV quasispecies was estimated 
by comparing optical densities to standards containing 0%, 2%, 
5%, 10%, 25%, 50%, 75%, or 100% mutant, with PDR defined by 
≥2% mutant [4, 28, 29]. In addition, Illumina sequencing was per-
formed to confirm PDR for low-level mutations (<25%) and for 
selected specimens with high frequency mutations detected via 
OLA for validation purposes. For Illumina sequencing, 2 approx-
imately 330-bp regions of HIV pol encoding reverse transcrip-
tase were amplified from approximately 1000 HIV DNA copies, 
quantified by an in-house qPCR assay targeting the long termi-
nal repeat region. First-round PCR amplicons were generated 
as previously described [4], except for using a high-fidelity PCR 
enzyme (FastStart, Roche Diagnostics, Mannheim, Germany). 
Second-round PCR primers targeting the regions of interest were 
synthesized with forward and reverse adapter sequences allowing 
subsequent tagging of PCR product from distinct study partic-
ipants with a unique combination of index sequences. Indexed 
amplicons were then pooled together and approximately 300 bp 
were bidirectionally sequenced on an Illumina Miseq. Trimming 
at the 5′ and 3′ ends of raw sequence reads used a sliding window 
of 9 base pairs and an average Phred quality score of less than 
30. Trimmed reads <75 bp in length or containing fully degen-
erate bases were filtered from the final data set. High-quality fil-
tered reads were aligned to the HXB2 reference HIV sequence 
using the Burrows–Wheeler algorithm [30]. Nucleotide variants 
(single-nucleotide polymorphisms and insertion-deletions) were 
called at relevant codons associated with resistance and filtered 
for statistical significance using the open-source LoFreq* [31] 
and FreeBayes [32] software. Remaining variants were annotated 
using SNPEff [33], indicating their frequency within the overall 
viral sequence population and their effects on encoded amino 
acids. PCR and sequencing error rates at each nucleotide gener-
ated from a plasmid DNA control were assessed by a perl script 
developed in house to allow more accurate estimation of genuine 
PDR populations. The average mismatch error rate for this PCR 
and sequencing method ranged from 0.6% to 0.65%, so a conser-
vative cut-off of 1% mutant detected by Illumina was used as a 
minimum frequency to confirm the presence of mutant via OLA. 
Mutations detected by OLA but not confirmed via Illumina were 
defined as wild type.
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Statistical Analyses

PDR prevalence and 95% binomial exact confidence intervals 
(CIs) by age, gender, clinic location, prior ARV experience, and 
specific pol codon mutations were calculated. Age was defined 
as a continuous variable (years) and, to identify associations by 
age groups, categorized into 5 age groups (children <18, and 
adults 18–24, 25–35, 35–50, and over 50 years of age). Clinic 
locations were defined as urban (Ngong Road and Industrial 
Area) or rural (Maseno). “ARV experienced” was defined as 
any ARV use prior to study as reported by the participant at 
enrollment and/or by review of the Coptic Hope Center clinic 
and pharmacy records, and analyzed as a binary variable. 
Socioeconomic, health care access, and sexual risk behavior 
variables were evaluated to investigate other potential correla-
tions with PDR in exploratory analyses. Poisson regression 
with robust standard errors was used to conduct univariable 
and multivariable regression analyses to estimate the preva-
lence ratios of PDR (≥2% mutant virus at any pol codon) by 
potential correlates (alpha = 0.05). The unadjusted prevalence 
ratio was estimated for all variables. For regression analyses, 
age was defined as a continuous variable, and location was 
defined both as a categorical variable (3 clinic sites) and as a 
binary variable (rural vs 2 urban clinics combined) in separate 
analyses. Multivariable regression analyses were conducted 
to estimate the prevalence ratio of PDR by gender, age, and 
location adjusted for potential confounding variables, and to 
explore other potential correlates of PDR. An interaction term 
between age and gender was included in separate regression 
analyses to investigate differences in the effect of age by gender. 
Gender-stratified analyses were conducted to further investi-
gate our hypothesis that younger women have a higher prev-
alence of PDR. In addition to investigating the full cohort, all 
analyses were also stratified by prior ARV experience to poten-
tially differentiate between ADR and TDR. Children (<18 years 
old) were excluded from regression analyses due to a paucity of 
socioeconomic and demographic data. Participants ≥16 years 
of age were included in sensitivity analyses to investigate the 
impact of older adolescents on our results.

RESULTS

Enrollment and Eligibility

Between 25 May 2013 and 5 November 2014, 1198 HIV-infected 
Hope Center patients over 2 years of age, who qualified to initi-
ate first-line ART by Kenya national guidelines, were screened 
for eligibility into the parent RCT. Of these, 991 (82.7%) 
enrolled. OLA testing was successful on the entry specimen 
from 987 (99.6%) participants. Of the 987 individuals included 
in analyses, prior ARV use was identified in 138 (14.0%) partic-
ipants either by self-report or through Hope Center clinic and/
or pharmacy records, including 2 children. Overall, 815 of 951 
(85.7%) adults and 34 of 36 (94.4%) children were defined as 
ARV naive at enrollment.

Participant Characteristics

Of participants with a successful OLA test, the median age was 
37 years (interquartile range [IQR], 31–45), 642 (65.1%) were 
female, and 849 (86.0%) were ARV naive. Of the ARV-naive and 
ARV-experienced participants, 519/849 (61.1%) and 123/138 
(89.1%) were women, respectively. ARV-experienced were 
slightly younger than ARV-naive participants (median 34 vs 
38 years). Most participants (76.7%) were enrolled at the urban 
study sites in Nairobi (67.5% from Ngong Road, 9.2% from 
Industrial Area). Table 1 presents descriptive statistics by ARV 
experience and PDR for adults. Of the 36 children, 20 (55.6%) 
were female and the median age was 10 years (IQR, 7–15 years). 
Unlike adults, children were enrolled in similar proportions 
from study sites in urban Nairobi (38.9% Ngong Road, 11.1% 
Industrial Area) and rural Maseno (50.0%).

Illumina Confirmation of OLA

Samples from 67 participants with mutations detected via OLA 
were retested via Illumina, and 49 (73%) were confirmed at a 
frequency >1%. Of these, 14 had mutations detected via OLA 
at <10% mutant frequency, 18 between 10% and 24%, and 17 
between 25% and 100%. Across a total of 71 mutant codons for 
these 49 samples, the median difference in mutant frequency 
between OLA and Illumina was 4.5% (IQR, 1.4%–13.8%). Of 
the 18 (27%) samples that were not confirmed via Illumina, 
the median mutant frequency detected via OLA was 2% (range 
2%–6%). These 18 were considered “wild type” in all analyses.

Pre-antiretroviral-Treatment Drug Resistance

PDR was detected by OLA in 94 adults (9.9%; 95% CI, 8.1%–
12.0%) with 130 total mutant codons, and only 1 child (2.8%; 
95% CI, 0.1%–14.5%), a 16-year-old ARV-naive male (Table 2). 
Among those with PDR, the median frequency of mutant virus 
within an individual’s HIV quasispecies was 67% by OLA (range 
2%–100%; IQR, 14%–92%). Of the 95 participants with PDR, 
30 (32%) had a mutant frequency <20% (11 women and 3 men, 
all >24 years old) and 16 (17%) had <10% (all women >24 years 
old) detected via OLA. The majority (96.8%) with PDR had at 
least 1 NNRTI mutation, and relatively fewer had NRTI muta-
tions (16.8% with M184V and 9.5% with K65R). Among the 
815 ARV-naive adults, OLA detected mutants in 77 (9.4%; 95% 
CI, 7.5%–11.7%) participants with a total of 111 mutant codons 
and a median mutant frequency in their quasispecies of 80% 
(range 2%–100%; IQR, 15%–92%); and in the child, Y181C was 
detected at 24%. PDR was 2.9% more prevalent among the 136 
ARV-experienced versus ARV-naive adults, with 17 (12.5%; 
95% CI, 7.5%–19.3%) participants harboring 19 mutant codons, 
though this was not statistically significant (Χ2 P value = .270). 
The median mutant frequency among ARV-experienced adults 
was 30% (range 4%–100%; IQR, 10%–83%), 50% lower than the 
ARV-naive adult median, though this was not statistically sig-
nificant (Wilcoxon rank-sum P value = .244).
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Women 18–24  years of age (n  =  41) had the highest PDR 
prevalence (19.5%; 95% CI,  8.8%–34.9%), with similar prev-
alence among ARV-naive 18–24-year-old women (n  =  32) 
(21.9%; 95% CI, 9.3%–40.0%). Figure 1 illustrates PDR preva-
lence by gender, age category, and ARV experience, and shows 
a declining trend in PDR prevalence with increasing age among 
women, specifically in the ARV-naive group who were the ma-
jority cohort of women in this study.

In univariable and multivariable regression (Table  3), the 
PDR prevalence among all adult women was 1.63 times greater 

than men (95% CI, 1.04–2.56; P value = .033). ARV-experienced 
adults had a PDR prevalence 1.32 times greater than ARV-
naive adults, though this was not statistically significant (95% 
CI,  0.81–2.17; P value  =  .226). A  5-year decrease in age was 
associated with a 1.14-fold greater PDR prevalence (95% 
CI,  1.02–1.27; P  =  .033) among all adults, a 1.11-fold greater 
PDR prevalence (95% CI,  0.99–1.25; P value  =  .082) among 
ARV-naive adults, and a 1.35-fold greater PDR prevalence 
(95% CI, 1.00–1.83; P value =  .054) among ARV-experienced 
adults (Table 3). The interaction term between age and gender 

Table 1. Characteristics of Participants ≥18 Years of Age Initiating First-Line ARTa by History of ARV Use and PDR Detected by OLAb

Variablesc

Total (n = 951) ARV naive (n = 815) ARV exposed (n = 136)

No PDR
(n = 857, 90%)

PDR
(n = 94, 10%)

No PDR
(n = 738, 91%)

PDR
(n = 77, 9%)

No PDR
(n = 119, 88%)

PDR
(n = 17, 12%)

ARV-exposure status

 ARV naive 738 (90.6%) 77 (9.4%) – – – –

 ARV exposed 119 (87.5%) 17(12.5%)

Demographic

 Age in years 38 (32, 46) 34 (29, 42) 39 (32, 47) 35 (30, 44) 34 (30, 40) 32 (27, 36)

  18–24 40 (83.3%) 8 (16.7%) 32 (82.1%) 7 (17.9%) 8 (88.9%) 1 (11.1%)

  25–34 269 (87.1%) 40 (12.9%) 217 (87.9%) 30 (12.1%) 52 (83.9%) 10 (16.1%)

  35–49 410 (92.6%) 33 (7.5%) 359 (93.0%) 27 (7.0%) 51 (89.5%) 6 (10.5%)

  50+ 138 (91.4%) 13 (8.6%) 130 (90.9%) 13 (9.1%) 8 (100%) 0 (0.0%)

 Female 551 (88.6%) 71 (11.4%) 444 (89.0%) 55 (11.0%) 107 (87.0%) 16 (13.0%)

 Male 306 (93.0%) 23 (7.0%) 294 (93.0%) 22 (7.0%) 12 (92.3%) 1 (7.7%)

Location

 Study Site

  Ngong Rd Clinic in Nairobi, 594 (91.1%) 58 (8.9%) 526 (91.8%) 47 (8.2%) 68 (86.1%) 11 (13.9%)

  Industrial Area Clinic in Nairobi 76 (87.4%) 11 (12.6%) 62 (84.9%) 11 (15.1%) 14 (100%) 0 (0.0%)

  Maseno Clinic in rural Nyanza 187 (88.2%) 25 (11.8%) 150 (88.8%) 19 (11.2%) 37 (86.1%) 6 (14.0%)

Socioeconomic

 Married/steady partner 521 (60.8%) 59 (62.8%) 442 (59.9%) 46 (59.7%) 79 (66.4%) 13 (76.5%)

 Education in years 11 (8, 13) 10 (8, 12) 11 (8, 13) 10 (8, 12) 12 (8, 14) 11 (8, 15)

 Unemployed 157 (18.3%) 27 (28.7%) 130 (17.6%) 19 (24.7%) 27 (22.7%) 8 (47.1%)

 Monthly rent in US$d 22 (0, 66) 22 (0, 66) 28 (0, 66) 22 (0, 66) 22 (0, 66) 28 (0, 56)

 Flush toiletd 404 (47.2%) 41 (43.6%) 352 (47.8%) 33 (42.9%) 52 (43.7%) 8 (47.1%)

 Persons living in house 4 (2, 5) 4 (3, 5) 3 (2, 5) 3 (2, 5) 4 (3, 5) 4 (4, 5)

Access to care

 Cost of travel ≥US$2d 402 (47.6%) 45 (48.9%) 336 (46.3%) 36 (47.4%) 66 (55.9%) 9 (56.3%)

 Travel time to clinic in hrs 1 (0.5, 2) 1 (0.5, 1.5) 1 (0.5, 2) 1 (0.5, 1.5) 1 (0.5, 2) 1 (1, 2)

Sexual risk behavior

 Age of sexual debut in yearsd 18 (16, 20) 18 (16, 20) 18 (16, 20) 18 (16, 20) 18 (16, 20) 17 (15, 18)

 Lifetime sexual partnersd 3 (2, 5) 4 (2, 5) 3 (2, 5) 4 (2, 5) 3 (2, 5) 4 (2, 5)

 Ever exchange money for sex 46 (5.4%) 4 (4.3%) 42 (5.7%) 3 (3.9%) 4 (3.4%) 1 (5.9%)

Sexual risk in 18–24-year-old girls n = 31 (3.7%) n = 7 (8.6%) n = 23 (2.9%) n = 6 (8.4%) n = 8 (7.1%) n = 1 (4.6%)

 Age of sexual debut in yearsd 18 (15, 19) 18 (15, 19) 17 (15, 19) 18 (15, 19) 19 (18, 20) 15

 Lifetime sexual partnersd 2 (1, 3) 1 (1, 4) 2 (1, 3) 2 (1, 4) 2 (1, 3) 1

 Ever exchange money for sex 1 (3.0%) 0 (0%) 1 (4.0%) 0 (0%) 0 (0.0%) 0 (0.0%)

Laboratory

 Median CD4 cells/uLd 230 (116, 311) 224 (73, 296) 211 (103, 306) 155 (69, 270) 277 (227, 332) 308 (257, 400)

Abbreviations: ART, antiretroviral therapy; ARV, antiretroviral; PDR, pretreatment drug resistance; OLA, oligonucleotide ligation assay.
aFirst-line ART indicates nonnucleoside reverse transcriptase inhibitor-based antiretroviral treatment.
bOligonucleotide ligation assay is a point mutation test designed to detect K103N, Y181C, M184V, G190A, and K65R.
cFor continuous variables, the median (interquartile range) are presented. For ARV-exposure status, age category, gender, and study site, the n (%) with and without PDR is shown. For other 
categorical variables, the n (%) within that category is shown.
dData are complete for all variables except the following: Monthly rent (n = 927, 834 PDR−, 93 PDR+); Type of toilet (n = 950, 856 PDR−, 94 PDR+); Cost of travel ≥$2.00 (n = 936, 844 PDR−, 
92 PDR+); Age of sexual debut (n = 891, 803 PDR−, 88 PDR+); Lifetime sexual partners (n = 893, 807 PDR−, 86 PDR+); CD4 count (n = 948, 855 PDR−, 93 PDR+).
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was statistically significant among all adults (P value  =  .026) 
and among ARV-naive (P value = .039), though not for ARV-
experienced (P value = .571).

When stratifying by gender, a 5-year decrease in age in adult 
women was associated with a 1.20-fold greater PDR prevalence 
(95% CI, 1.06–1.36; P value = .004), including a 1.18-fold greater 
prevalence (95% CI,  1.03–1.35; P value  =  .016) among ARV-
naive women and a 1.36-fold greater prevalence (95% CI, 0.97–
1.91; P value = .076) among ARV-experienced women, though 
the latter was not statistically significant (Table 3). Age was not 
associated with PDR prevalence among men. Similar results for 
gender and age associations were found in multivariable regres-
sion that included gender, age, and location (Table 3), and in 
exploratory models that also included marital/partner status, 
years of education, unemployment status, type of toilet, and age 
of sexual debut (results not shown). The increased prevalence 
of PDR by decreasing age remained similar in magnitude and 
was statistically significant only among females in all analyses.

Among all adult participants, being unemployed was asso-
ciated with a 1.68-fold greater prevalence of PDR (95% 
CI, 1.11–2.55; P value = .015), though this was attenuated and 
not statistically significant in multivariable analyses (results not 
shown). Among ARV-experienced adults, being unemployed 
was associated with a 2.56-fold greater PDR prevalence (95% 
CI, 1.07–6.15; P value =  .035), and a 1-person increase in the 
number of people living with the participant was associated 

with a 1.18-fold greater PDR prevalence (95% CI, 1.00–1.40; P 
value = .045). No other statistically significant associations were 
detected between PDR and clinic location, socioeconomic sta-
tus, access to care, or sexual risk behavior variables regardless of 
prior ARV use (Table 3). Sensitivity analyses that additionally 
included 8 participants ≥16  years old (7 women and 1 man), 
resulted in a slight attenuation of the associations between PDR 
and age overall and among women, but did not impact the over-
all interpretation of the results.

DISCUSSION

In this study, we observed a high prevalence of PDR to currently 
recommended first-line ARVs [9–14] among individuals initiating 
ART in Kenya. PDR prevalence was highest among HIV-infected 
young women, 18–24 years old, particularly among ARV-naive 
women. This is consistent with younger women accounting 
disproportionately for incident HIV infections in sub-Saharan 
Africa [17], and younger adults becoming HIV infected more 
recently, and thus at a time with greater transmission of HIV-DR, 
compared with older individuals [16]. The observed prevalence 
of PDR in young women in our study exceeds the 10% thresh-
old at which the WHO recommends reassessment and modifica-
tions to the ART strategy [34]. While a high PDR prevalence was 
found in the population as a whole (10%), PDR may be especially 
problematic for young women and their children, as PDR may 
adversely affect the effectiveness of first-line ART that is recom-
mended for ARV-naive pregnant women for PMTCT.

The statistically significant association between lower age and 
higher PDR prevalence among women remained after control-
ling for potential confounders. The absence of an association 
in men may be due to differences in risk factors for HIV acqui-
sition. The increased PDR prevalence among young women 
compared with young men could be due to differences in their 
partners and their likelihood of DR-HIV, with women having 
greater acquisition of infection from older, potentially ARV-
experienced men [18, 19], or due to unreported prior ARV 
use. Additionally, our study is limited by the small number of 
younger men (n = 8 between age 16 and 24 years), and further 
research is needed to investigate PDR prevalence by age and 
other factors in this group. Very little PDR was observed in chil-
dren, which may indicate that untreated children were infected 
by mothers with lower rates of DR-HIV or that resistance had 
decayed to undetectable levels by the time of evaluation.

As expected, we found a higher PDR prevalence among ARV-
experienced compared to ARV-naive individuals. The 2.9% 
difference we observed is slightly lower than the 6% difference 
found in Zimbabwe (12% in ARV-experienced participants and 
6% in ARV-naive) [20]. The Zimbabwean study was conducted 
in 2008–2010, with likely less time since ART “roll-out” com-
pared to our study cohort that enrolled more recently, in 2013–
2014, which correlates with prevalence of resistance [35]. PDR 

Table 2. Frequency of PDR Detected by Oligonucleotide Ligation Assaya 
in Participants Qualifying for First-Line ARTb by History of ARV Use (n = 987)

Mutant Codonc
ARV naive
(n = 849)d

ARV experienced
(n = 138)

Total
(n = 987)

K103N 38 (4.5%) 11 (8.0%) 49 (5.0%)

Y181C 5 (0.6%) 2 (1.5%) 7 (0.7%)

G190A 5 (0.6%) 2 (1.5%) 7 (0.7%)

M184V 1 (0.1%) 0 (0.0%) 1 (0.1%)

K65R 2 (0.2%) 0 (0.0%) 2 (0.2%)

K103N + Y181C 4 (0.5%) 2 (1.5%) 6 (0.6%)

K103N + G190A 5 (0.6%) 0 (0.0%) 5 (0.5%)

K103N + M184V 8 (0.9%) 0 (0.0%) 8 (0.8%)

Y181C + K65R 2 (0.2%) 0 (0.0%) 2 (0.2%)

G190A + M184V 2 (0.2%) 0 (0.0%) 2 (0.2%)

K103N + Y181C + M184V 1 (0.1%) 0 (0.0%) 1 (0.1%)

K103N + M184V + K65R 1 (0.1%) 0 (0.0%) 1 (0.1%)

Y181C + M184V + K65R 2 (0.2%) 0 (0.0%) 2 (0.2%)

G190A + M184V + K65R 1 (0.1%) 0 (0.0%) 1 (0.1%)

K103N + Y181C + G190A + K65R 1 (0.1%) 0 (0.0%) 1 (0.1%)

Total cases of PDR 78 (9.2%) 17 (12.3%) 95 (9.6%)

Abbreviations: PDR, pretreatment drug resistance; OLA, oligonucleotide ligation assay; 
ART, antiretroviral therapy; ARV, antiretroviral.
aOLA is a point mutation test designed to detect K103N, Y181C, M184V, G190A, and K65R.
bFirst-line ART indicates nonnucleoside reverse transcriptase inhibitor-based antiretroviral 
treatment.
c1 ARV-naive child had PDR detected at Y181C. All other mutations were detected in adults.
dARV naive includes 815/951 adults and 34/36 children.
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prevalence among ARV-experienced participants in our cohort 
was lower than that found in studies of mothers and children who 
received mono- or dual-ARVs for PMTCT (approximately 36%)  
[21, 23]. This could be due to greater decay of mutant viruses 
[36, 37] in our study compared with other cohort studies, 

resulting from a longer time interval between ARV use and DR 
testing, although TDR to NNRTI has been shown to persist at 
high frequencies for years [38].

We found a similar PDR prevalence (9%–13%) across urban 
and rural sites, which was contrary to our expectation that PDR 
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Figure 1. Pretreatment HIV drug resistance (PDR) by age, gender, and antiretroviral (ARV) experience. Bar charts illustrate the prevalence of PDR and 95% confidence 
intervals by 5 age categories (<18, 18–24, 25–35, 35–50, and 50 years and older). Data are shown for all 987 study participants (A), 849 ARV-naive participants (B), and 138 
ARV-experienced participants (C). In each panel, data are shown stratified by gender.
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prevalence would be lower at the rural than the urban clinics. 
Whereas some previous studies have generally found lower 
PDR in rural settings [39–49], our more recent results may re-
flect improved access to ART in the rural regions. Our observed 
12% PDR prevalence among 212 adult participants (11% among 
ARV-naive) at the rural Maseno clinic was slightly higher than 
the 9% TDR prevalence observed in another recently published 
study of 87 ARV-naive participants conducted in 2012, also 
based in Western Kenya [50], providing further evidence of 
PDR in this rural setting. In addition, the higher HIV incidence 
and prevalence in Western Kenya suggests a greater proportion 
of recent infections among these subjects, which may have con-
tributed to the rate of PDR.

Our study has several limitations. The relatively few 
18–24-year-old males and few children limit the precision 
of PDR estimates in these subgroups. Prior ARV experience 
was based on self-report and clinic and pharmacy records 
and could be subject to misclassification. Additionally, OLA 
testing may have underestimated PDR because only 5 codons 
were examined for mutations as opposed to more compre-
hensive testing. While our previous studies at these sites did 
not find that mutations at other codons were associated with 
virologic failure [4], if mutations were missed, PDR may actu-
ally be higher than what was detected. While we found unem-
ployment to be correlated with PDR prevalence in unadjusted 
analyses, no other socioeconomic status or sexual risk behav-
iors were identified as potential correlates. Because those we 
defined as unemployed included women who considered 
themselves to be housewives, a category for which there is 
no male equivalent, the association is likely in part due to 
more unemployed participants being women. Our study 
may be underpowered to detect associations and larger sur-
veillance cohorts that allow for multiple comparison adjust-
ment may be necessary to identify other risk factors of PDR 
transmission.

Strengths of this study include its relatively large, represen-
tative cohort of HIV-infected Kenyans who initiated ART in 
2013–2014, and testing for PDR by a sensitive method, with 
results available from 99.7% of participants. This study provides 
recent evidence of a high prevalence of PDR in Kenyan patients. 
The especially high prevalence in young women could compro-
mise the outcomes of ART programs for women’s health and 
interventions given for PMTCT. ART outcome data are needed 
to determine whether testing for PDR and/or if scale up of 
alternative ARV combinations without NNRTI cross-resistance 
should be implemented throughout Kenya or within PMTCT 
programs.
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