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Abstract

Introduction—HIV-1 transmitted drug resistance (TDR) in treatment-naïve individuals is a well-

described phenomenon. Baseline genotypic resistance testing is considered standard of care in 

most developed areas of the world.

Methods—In the Strategic Timing of AntiRetroviral Treatment (START) trial, baseline 

genotypic resistance testing results were collected at study entry and analysed centrally to 

determine the prevalence of TDR in the study population. Resistance was based on a modified 

2009 World Health Organization definition to reflect newer resistance mutations.

Results—Baseline resistance testing was available in 1946 study participants. Higher rates of 

testing occurred in Europe (86.7%), the United States (81.3%), and Australia (89.9%) as compared 

to Asia (22.2%), South America (1.8%), and Africa (0.1%). The overall prevalence of TDR was 

10.1%, most commonly to non-nucleoside reverse transcriptase inhibitors (4.5%) and nucleoside 
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reverse transcriptase inhibitors (4%) compared to protease inhibitors (2.8%). The most frequent 

TDR mutations observed were M41L, D67N/G/E, T215F/Y/I/S/C/D/E/V/N, 219Q/E/N/R, 

K103N/S, and G190A/S/E in reverse transcriptase, and M46I/L and L90M in protease. By 

country, prevalence of TDR was highest in Australia (17.5%), France (16.7%), the United States 

(12.6%), and Spain (12.6%). No participant characteristics were identified as predictors for the 

presence of TDR.

Conclusion—START participants enrolled in resource-rich areas of the world were more likely 

to have baseline resistance testing. In Europe, the United States, and Australia, TDR prevalence 

rates varied by country.
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INTRODUCTION

Transmitted drug resistance (TDR) results from infection with an HIV-1 strain containing 

one or more resistance-associated mutations (RAMs). Transmission of a drug-resistant strain 

usually occurs at the time of initial infection but can also occur with a subsequent exposure, 

referred to as HIV-1 super-infection. These strains can be transmitted from treatment-naive 

individuals who may be unaware of their infection or from treatment-experienced persons 

whose virus may have evolved drug resistance in association with treatment failure. TDR 

has been associated with an increased risk of suboptimal virologic response to the initial 

regimen and can also impact future treatment options (1–5). When TDR is detected in a 

treatment-naïve individual this has implications for selection of the initial antiretroviral 

regimen, as it is currently recommended that three fully active agents be prescribed.

A number of studies have described the prevalence of TDR in treatment-naïve patients, 

which varies by geographic region (5–8). Studies from the United States and Europe have 

shown that the prevalence of transmitted HIV-1 containing one or more RAMs in treatment-

naïve individuals typically ranges from 5–15% (5, 6, 9–19). In these resource-rich countries 

TDR has been most commonly detected to the first generation non-nucleoside reverse 

transcriptase inhibitors (NNRTIs) and nucleoside reverse transcriptase inhibitors (NRTIs), 

with a lower prevalence usually reported for TDR to protease inhibitors (PIs) (6, 15). Given 

the prevalence of TDR, in most resource-rich areas of the world it is recommended that 

resistance testing be performed at the time of diagnosis or before initiating antiretroviral 

therapy in the setting of either acute or chronic infection (20–22).

In recent years, TDR has also been described as an emerging health issue in resource-limited 

countries, although limited surveillance data has been available (6, 23–25). In these regions 

antiretroviral therapy (ART) has been introduced more recently and has significantly 

impacted morbidity and mortality, but access to virologic monitoring techniques is often 

limited when compared to those available in resource-rich regions. In the absence of state-

of-the-art laboratory monitoring, there is increased opportunity for the development and 

transmission of drug-resistant HIV-1 given the prolonged time between the onset of initial 

virologic failure and subsequent clinical consequences. It is not surprising that TDR 
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prevalence in resource-limited countries is directly correlated with the number of years since 

ART roll-out programs were initiated (6).

The Strategic Timing of AntiRetroviral Treatment (START) study has recruited participants 

from both resource-rich and resource-limited regions of the world, including the United 

States, Europe, Israel, Australia, South America, Mexico, Africa, and Asia. Participants 

enrolled are required to have a CD4 cell count greater than 500 cells/μL and therefore are 

anticipated to have relatively recent infection with HIV-1. Baseline resistance testing was 

not an entry criteria for the study and therefore results were only available if performed 

according to local practice. Baseline data collected in the study thus provide an opportunity 

to examine the utilisation of resistance testing and prevalence of TDR in treatment-naïve 

individuals and assess differences by region. This analysis describes results from locally 

collected genotypic resistance testing performed on study participants at or before enrolment 

in START, when available.

METHODS

The design of START has been described elsewhere (26). Baseline resistance testing was 

not required by the protocol. The study did however collect laboratory results from any 

locally performed genotypic resistance tests, where available. Specifically, enrolment sites 

were asked to submit results for the participant’s first ever performed resistance test and the 

most recent test available. The laboratory reports were collected centrally at the INSIGHT 

Statistical and Data Management Center, and data were entered into a standard format per 

the HIV Collaboration Data Exchange Protocol (HICDEP) by staff at the Copenhagen HIV 

Programme (CHIP) (27).

All resistance tests were conducted at local sites using a variety of genotypic testing 

systems, based on bulk (Sanger) sequencing of the protease and reverse transcriptase genes. 

The integrase gene was also sequenced in a small number of samples, but these data are not 

reported here. Each site submitted the results of local resistance testing in the form of 

mutations detected and, when available, the assigned HIV-1 subtype (sequences were not 

centralised). To obtain a standard interpretation across tests, HIV-1 transmitted drug 

resistance was defined according to the World Health Organization (WHO) 2009 

surveillance list, with the addition of T215N (a revertant of T215F/Y omitted from the list) 

and E138K (a nonpolymorphic rilpivirine-associated mutation) (28). Similarly, 

susceptibility to antiretroviral drugs was standardised using the Stanford HIVdb algorithm 

7.0.1, which defines resistance as: none, potential low level, low level, intermediate, or high 

(29).

A total of 11 participants had two or more prerandomisation resistance tests that showed 

different mutational patterns. Seven participants showed evidence of fading of mutations 

and four acquired new mutations, presumably as a result of super-infection or a lack of 

initial detection. For the purposes of this analysis mutations have been cumulated across 

tests, the highest level of predicted resistance (per individual drug) selected, and the date of 

the most recent test used. Furthermore, for analyses by region Israel was included with 

European countries and Mexico was included with South America.
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Statistical methods

Confidence intervals for proportions were derived using the method of Clopper-Pearson. 

Multivariate logistic regression was used to examine participant-level predictors of receiving 

a resistance test and, among participants whose virus was successfully sequenced, the 

likelihood of harbouring a TDR mutation. The former analysis also included a random effect 

for clinical site to allow for potential localised variation in the availability of resistance 

testing; in the latter analysis, geographical variation was adjusted using a fixed-effects 

approach (see footnote to Table 3). To maximise the available sample size, cases with 

missing data were included by creating an unknown/missing category for the variable in 

question, which is approximately valid when there is a small fraction of missing data, as in 

the present analysis. Significance tests in the logistic regression models are based on Wald 

tests, ignoring other and unknown/missing categories for the variable in question. Chi-

squared and Fisher’s exact tests were used to compare categorical variables. All statistical 

analyses were conducted using Stata, version 13 (StataCorp, Houston, Texas, United States).

RESULTS

Baseline resistance testing by region

The results of one or more prerandomisation resistance tests were available on 1946 (41.5%) 

of the total 4685 HIV-positive participants. The median interval between the date of the 

resistance test and date of randomisation was 19 weeks. Testing was infrequent at sites in 

South America (1.8%; 21/1,174), Asia (22.2%; 79/356), and Africa (0.1%; 1/1,000). Table 1 

examines predictors of having received a resistance test (whether or not this was successful) 

in sites in the remaining regions of Europe, the United States, and Australia. The overall 

frequency of testing was 85.6%, with no significant variation between these three regions 

after accounting for participant-level demographic and clinical variables. Testing was more 

frequent among participants with a later date of HIV diagnosis. Participants with a viral load 

of <400 copies/ml at their screening visit were less likely to have a genotype performed, 

presumably due to concern about insufficient virus to amplify. White ethnicity (versus black 

or Asian, but not versus Hispanic) and male-to-male sexual transmission were independently 

associated with a greater likelihood of testing. In subanalyses, these effects were apparent in 

each of the three geographical regions (data not shown).

All further analyses, which are based on the results of genotyping, consider sites in Europe, 

the United States, Australia, and Asia.

HIV-1 subtype distribution

A valid genotype result was available for 1869 (97.1%) of 1924 participants from Europe, 

the United States, Australia, and Asia who were tested at least once. Of these, HIV subtype 

was reported for 1228 participants: 961 (78.3%) were subtype B, 86 (7.0%) were 

CRF01(AE), 52 (4.2%) subtype C, 37 (3.0%) CRF02(AG), and 92 (7.5%) were other 

subtypes. Subtype CRF01(AE) was observed mainly in Asia (n=58), and subtypes C and 

CRF02(AG) mainly in Europe (n=48 and n=36, respectively).
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Prevalence of transmitted drug resistance

Overall, the prevalence of NRTI, NNRTI, and PI TDR mutations was 4.0%, 4.5%, and 

2.8%, respectively; 10.1% of participants had resistance-associated mutations to one or more 

of these drug classes (Table 2). Cross-class resistance (involving two or three classes) was 

observed in only 22 (11.7%) of 188 participants with any form of resistance. Major and 

statistically significant geographical variation in patterns of TDR was observed. Most 

strikingly, the overall prevalence of TDR was markedly higher in the United States (12.6%) 

than Europe (8.8%), driven by higher rates of NNRTI-related mutations (8.4% versus 3.4%, 

p<0.001). Highly significant heterogeneity was also observed between different European 

countries, with relatively high rates of TDR mutations in France and Spain and relatively 

low rates in the United Kingdom. Sites in Australia had the highest level of TDR and sites in 

Asia the lowest, although the estimates in these regions are imprecise due to smaller sample 

sizes. There were no clearly significant individual-level predictors of the presence of TDR 

mutations (Table 3). The large difference between the adjusted and unadjusted odds ratios 

for Asian participants is due to a strong association with geographical region, i.e., there were 

few Asian participants other than at Asian sites.

Specific TDR mutations are shown in Table 4. NRTI mutations were overwhelmingly 

thymidine analogue mutations, particularly M41L and T215 revertants. The M184VI 

(associated with lamivudine and emtricitabine exposure) and K65R (associated with 

didanosine, abacavir, and tenofovir exposure) mutations were not detected in any samples. 

The most prevalent NNRTI mutation was K103NS, observed in 62% (53/85) of samples that 

harboured virus with resistance to this class. Similarly, M46IL (42%; 22/52) and L90M 

(25%; 13/52) were the most common PI mutations. There was no evidence in variation of 

specific mutations (within drug class) by geographical region (data not shown).

Drug susceptibility

The mutations observed in START study participants did not have a significant impact on 

predicted drug susceptibility to most agents, other than to zidovudine and stavudine within 

the NRTI class, efavirenz and nevirapine within the NNRTI class, and nelfinavir within the 

PI class (Figure 1). Zidovudine resistance was mainly low or intermediate level. NNRTI 

resistance was mainly high level to efavirenz and nevirapine (at a frequency of 3–4%), 

largely reflecting the contribution of the K103N mutation. In isolation, this mutation is not 

associated with etravirine or rilpivirine resistance, and most viruses containing NNRTI 

mutations remained susceptible to these drugs.

DISCUSSION

HIV-1 TDR has been well documented in resource-rich countries ever since the introduction 

of antiretroviral therapy more than two decades ago (5–19). Initial reports from these 

regions involved TDR most commonly to the NRTI class, as these agents were initially 

widely available for the treatment of HIV infection. Subsequently, there were increasing 

rates of NNRTI and PI TDR reported, although this has varied by geographic region (6). The 

source for TDR is from infected individuals in a population with uncontrolled viraemia, who 

may be treatment naïve or experienced. It has been demonstrated that individuals infected 
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with drug-resistant strains may experience viral reversion to wild type over time after initial 

infection (17, 30, 31). This occurs when the major HIV population in an infected individual 

shifts from a predominantly drug-resistant variant to wild-type susceptible virus with 

improved fitness. However, TDR has been shown to persist in some individuals for many 

years after initial infection (3, 4, 13, 16, 32). Given that the population in START had CD4 

cell counts above 500 cells/μL at study entry, most of these individuals were early in 

infection and less likely to have experienced reversion to wild-type virus.

Our study findings are reflective of the routine use of screening resistance testing to detect 

TDR in resource-rich compared to resource-limited countries. While the majority of study 

participants had locally performed resistance testing as standard of care in Europe, the 

United States, and Australia, less than 2% of participants enrolled in clinics in Africa and 

South America, and only 22% of those enrolled in Asian clinics had testing. In Europe, the 

United States, and Australia, testing was performed more often in participants diagnosed 

with HIV closer to study entry, likely due to test availability and updated guidelines over 

time in these countries. Of note, white participants and men who had sex with men were 

more likely to have resistance testing in these three geographic regions. This may reflect 

socioeconomic differences in these populations and access to resistance testing at some sites. 

Of note, selective use of resistance testing in resource-rich countries is not in line with 

current guidelines for care (20, 21, 33–35). We did not find a significant gender difference 

in screening resistance testing, although a large antiretroviral trial in the United States 

recently reported that women were significantly less likely to have locally performed 

baseline genotyping (36).

The overall prevalence of TDR in study participants was 10.1%, which is consistent with 

other reports of TDR prevalence in resource-rich countries (5, 6, 9–19). Australia and 

France had the highest rates of TDR, although the sample sizes were smaller from these 

countries. The lowest rate of TDR was observed in the United Kingdom. Although data are 

limited, one prior study from Australia reported higher rates of TDR (23%) particularly to 

the NRTI class, which was also seen in our data (6). Interestingly, there have been reports of 

declining or stable rates of TDR over time in the United Kingdom (6, 37, 38). There were a 

limited number of available tests from Asia, however we found a 8.0% prevalence rate of 

TDR, which is higher than prior average prevalence rates (4.2%) reported from pooled 

Asian data (6). Given that only 22% of Asian participants in START had resistance testing, 

it is possible that physician selection of those with elevated risk for TDR may have 

occurred.

When examining the presence of resistance by drug class, we found that overall TDR to 

NNRTIs and NRTIs was more common that resistance to PIs, which has also been observed 

in other prevalence studies (6, 9–19). Only a minority of participants had TDR to more than 

one drug class. The highest rate of transmitted NNRTI resistance (8.4%) was observed in 

participants enrolled from the United States. A review of global TDR prevalence showed 

that transmitted NNRTI resistance has historically been higher in North America compared 

to Europe and that rates increased in North America after the year 2003(6). A large surv 

eillance study conducted in the United States revealed transmitted NNRTI resistance in 

7.8% of newly diagnosed individuals (13).
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Among European countries, higher rates of transmitted NNRTI resistance were seen in 

START participants from Greece and Spain. Higher prevalence of transmitted NNRTI 

resistance in some countries may reflect the increased use of these agents in initial therapy. 

In addition, the long half-life of these agents has been associated with the selection of 

NNRTI RAMs in individuals with treatment interruptions (39, 40). Treatment interruptions 

have also been associated with a higher risk of detecting drug resistant HIV-1 in female 

genital tract secretions, potentially increasing the risk for TDR (41). It is unclear why the 

highest rates of transmitted NRTI resistance were observed in subjects from France and 

Australia, but this likely reflects higher prior exposure to this class in viruses from the pool 

of individuals transmitting HIV in these countries.

Of the individual TDR RAMs identified, the two most common positions were T215 and 

K103 in reverse transcriptase. Most mutations at the T215 position were revertants of the 

T215Y or T215F mutations, which are associated with thymidine analogue (zidovudine or 

stavudine) exposure. The next most frequent transmitted NRTI resistance mutations were 

also thymidine analogue associated positions M41, D67, and K219. Of note, in this patient 

population we did not observe transmitted NRTI resistance with M184VI. This mutation is 

often detected in treatment-experienced patients failing therapy but has been less commonly 

reported in TDR prevalence studies using standard genotyping (3, 9–17, 42). However, the 

M184VI can be transmitted and may be linked with other RAMs, but tends to wane over 

time due to overgrowth of more fit wild-type virus (42). Studies employing more sensitive 

methods of detecting RAMs such as ultra-deep sequencing have found the M184VI in 

treatment-naive chronically infected individuals with TDR (3, 43, 44).

As a group, the NNRTI mutations were the most frequently identified TDR RAMs. The 

K103N mutation was the single most frequently identified mutation and has been commonly 

reported in transmitted NNRTI drug resistance in North America and Europe. This mutation 

is typically associated with viruses exposed primarily to efavirenz and also to nevirapine. 

The next most commonly identified NNRTI mutations were at position G190, followed by 

Y181. The higher frequency of NNRTI mutations along with their effect on the first 

generation NNRTIs resulted in significantly reduced predicted susceptibility to these agents 

in approximately 5% of the study population.

Overall, transmitted protease resistance mutations were identified less frequently, with 

M46IL and L90M being the most common. The M46IL is considered a primary mutation for 

indinavir, but is also a common secondary mutation associated with the other PIs, except for 

saquinavir and darunavir (45). The L90M mutation has been associated with exposure to a 

number of PIs, but is classically associated with saquinavir and is considered a primary 

mutation for both saquinavir and nelfinavir (45). Given the transmitted protease mutations 

identified, darunavir was found to be the PI with the lowest predicted resistance.

Our analysis did not identify any significant individual-level predictors for the presence of 

TDR mutations in this patient population. Other prevalence studies from resource-rich 

countries have found predictors of TDR, such as age or gender, but others have not found 

any association with these factors, including socioeconomic status, duration of infection, 

race, risk group, homelessness, incarceration, or level of education (46). One recent Centers 
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for Disease Control and Prevention (CDC) study of TDR in recently infected individuals in 

the United States reported higher rates of RAMs in younger individuals (13–19 years), 

whites and blacks compared to Hispanics/Latinos. (43)

This analysis was based on laboratory results from standard genotypic testing using Sanger 

sequencing; more sensitive assays examining low-frequency drug-resistance mutations were 

not available. Some studies have demonstrated higher prevalence of TDR in treatment-naïve 

populations using more sensitive resistance detection assays, such as ultra-deep sequencing 

and allele-specific PCR (3, 43, 44, 47, 48). Given the limitations of genotype assays used in 

this analysis, the actual prevalence of TDR in the START study population is likely greater 

than what has been reported here. Other limitations of this analysis are that the genotypes 

were performed locally in different laboratories, which could contribute to variability in 

reporting of mutations; also, data are lacking from resource-limited regions. Additional 

analysis using more sensitive assays in a broader sample of the study population will be 

helpful in further defining the prevalence of TDR by region and would enrich the dataset by 

testing samples from participants without access to local resistance testing, which was 

particularly common in resource-limited countries.

Another limitation is that START study participants were selected for a randomised clinical 

trial and hence may not be entirely representative of recently diagnosed individuals at these 

sites, although the simple and broad eligibility criteria for the study should have minimised 

this potential bias. Furthermore, no participant characteristics were found to be predictive of 

TDR. Although different resistance test technologies were used at the sites, these assays 

have become routine in resource-rich regions of the world and have undergone 

standardisation in last decade. Furthermore, our approach to data capture of genotype 

information has been used extensively in the EuroSIDA study and proven very reliable 

compared to centrally performed resistance tests done on stored biological material. 

Importantly, this data capture approach of information on individual mutations from many 

study participants allows for central validation and interpretation.

Because this analysis was confined to prerandomisation baseline data, we are unable to 

assess the impact of TDR on response to the initial regimens prescribed in study 

participants. Given the lack of availability of baseline resistance testing for a significant 

portion of the START trial population, those participants who had TDR that was not 

detected through resistance testing may be at greater risk of suboptimal responses to initial 

therapy. Comparing baseline TDR in the entire study population, antiretroviral regimens 

prescribed, and virologic responses will be important in future study analyses. It may also be 

useful to examine the virologic impact of TDR and the timing of initiating ART. It is 

possible that over the course of the study initial regimens prescribed, particularly in the 

deferred treatment group, may be less vulnerable to the effects of TDR.

The general goals of ART include maximal sustained suppression of HIV replication and 

enhanced quality of life for persons living with HIV (20–22). The selection of the initial 

antiretroviral regimen provides the greatest chance for long-term success in optimally 

suppressing viral replication. The practical importance of identifying TDR in an individual 

is for clinicians to avoid prescribing inactive agents as initial therapy, which may result in a 
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higher likelihood of treatment failure. On a global level, data from TDR surveillance surveys 

can help guide the need for public health initiatives, such as improving antiretroviral 

treatment program effectiveness and potentially altering initial regimen selection, 

particularly in resource-limited countries.
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Figure 1. 
Figure 1A: Drug susceptibility for NRTI (Stanford v7.0.1)

Figure 1B : Drug susceptibility for NNRTI (Stanford v7.0.1)

Figure 1C : Drug susceptibility for PI (Stanford v7.0.1)
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