
Relative hazards of virological failure after starting 
a regimen containing any NNRTI, NVP or EFV
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(baseline, max.) and number of other drugs in regimen (NRTIs and PIs, plus number of non-NNRTI active drugs in regimen and NNRTI baseline resistance (both
defined by Rega v7.1).
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INTRODUCTION 
Large-scale, prospective, randomised clinical trials demonstrate comparable clinical outcomes of first-line antiretroviral treatment (ART) with nevirapine (NVP) or 

efavirenz (EFV) in ART-naïve HIV-1-infected subjects.1 Conversely, observational comparative studies 2-6 consistently report inferior virological and immunological 

outcomes of NVP-based regimens relative to EFV. One possible explanation for such discrepancy among others is that observational studies usually include NNRTI-naïve 

but NRTI-experienced subjects. These subjects are more likely to be infected with HIV containing mutations in the reverse transcriptase (RT) connection (RT-C) or RNAseH

(RT-H) domains, which could modulate the virological outcomes of NNRTI-based ART.

Mutations in the RT-C and RT-H domains are coselected on the same genome as TAMs. RT-C mutations increase zidovudine resistance when combined with TAMs 7-9 by 

reducing template RNA degradation and enhancing AZT excision;10 to a lesser extent, they also increase cross-resistance to lamivudine, abacavir, and tenofovir.9

Importantly, three RT-C mutations (N348I, T369I, and E399G/D) also confer reduced NNRTI susceptibility in vitro, possibly by affecting dimerization of p66/p51 

heterodimers.10 Mutation N348I decreases susceptibility to NVP 7.4-fold and to EFV 2.5-fold and enhances NNRTI resistance in the context of K103N.7 Mutation T369I 

reduces susceptibility to EFV 3-fold.11 The double mutant T369I/N348I causes fold change of 11 and 60 to EFV and NVP, respectively. Mutation E399G increases EFV 

resistance 3.6-fold and reduces viral replication capacity when associated with other mutations in the NNRTI binding pocket.12

Despite the knowledge on the effect of RT-C and RT-R mutations on NRTI and NNRTI susceptibility in vitro is increasing and becoming more refined, the impact of these 

mutations on ART outcomes in vivo remains largely unknown. 

OBJECTIVE
To investigate the association between the RT-C mutations N348I, T369I, E399G/D, G335C/D, A360I/V, V365I, A371V, A376S, and the RT-R mutation Q509L with risk of 

virological failure to first NNRTI-based ART. 

To evaluate the coselection of RT-C and RT-H mutations with IAS-USA mutations in the RT. 

METHODS
Subjects: This study included NNRTI-naive patients enrolled in the EuroSIDA cohorts who: (a) started NNRTI-based 3-drug ART after July 1997, (b) had known pre-NNRTI 

therapy HIV-1 RNA (VL) and CD4+ counts, (c) had at least 2 VL measures after ART initiation and (d) had a plasma sample available within one year before NNRTI 

treatment initiation.

Population Sequencing: Blinded pre-NNRTI population sequencing of plasma HIV-1 comprising the protease (PR) and RT-coding regions of pol was performed using the 

TrugeneTM HIV-1 Sequencing Kit (Siemens Medical Solutions) plus a home-brew population sequencing method that included the C-terminal region of RT, i.e., 

Connection (RT codon: 289–423) and RNaseH (RT codon: 424–560) domains. Codon changes in the RT C-terminus relative to the corresponding consensus reference 

sequence were identified automatically with the HIVdb Program, available at the Stanford HIV Drug Resistance Database website 

(http://hivdb.stanford.edu/pages/algs/HIVdb.html). 

Statistical analyses: Standard descriptive statistics were used to illustrate the population characteristics. Virological failure was defined as two consecutive VL 

determinations above 500 copies/mL after NNRTI initiation (at least 6 months after initiation if the baseline viral load was above 500 copies/ml).  Time to virological

failure (the first of these two measurements) was evaluated using Cox regression models, stratified by clinical centre and adjusted for previous use of ART and AIDS 

diagnoses, year of NNRTI initiation, CD4 count at baseline, nadir CD4 count, VL at baseline, maximum VL, number of non-NNRTI active drugs in the regimen and NNRTI 

predicted susceptibility (both estimated using Rega v7.1), with follow-up time right censored at the time of the penultimate available viral load measurement.  A 

separate model for each of the candidate RT-C and RT-R mutations was fitted with and without testing for the interaction with specific NNRTI used.  A Wald test was used 

to test the significance of the interaction. 

Covariation between RT-C / RT-H mutations and IAS-USA resistance mutations in the RT was evaluated using the correlation Phi statistic, which takes value in the range 

[-1;+1]: phi=-1 means that mutations are negatively associated (i.e. two mutations are antagonists), phi=0 indicates no association whereas phi=+1 means that 

mutations are positively correlated (i.e. they cluster). The p-values were adjusted with the Benjamini-Hockberg method. The Covarius package in “R” developed by T 

Sing was employed.

RESULTS
Table 1 displays the characteristics of subjects.  Sequence data were obtained for 287 patients; 115 subjects started NVP, and 172 EFV. Sixteen percent of subjects were 

previously ART-naive (9% NVP, 22% EFV, p<0.001). Subjects starting NVP initiated NNRTI ART significantly earlier than those starting EFV, had greater previous exposure 

to NRTIs and were more likely to initiate PI therapy concurrently with NNRTIs. Marginal statistical significance was observed toward lower baseline CD4+ counts and 

lower number of active non-NNRTI drugs included in the new regimen (estimated by Rega v7.1) in subjects in the NVP arm, relative to those initiating EFV.  

In 162 (56%) subjects, the M184V mutation was detected (66 (57%) NVP, 96 (56%) EFV) and in 178 (62%) at least one TAM was detected (78 (68%) NVP, 100 (58%) EFV).

Prevalence of connection and RNAseH mutations at the initiation of NNRTI therapy (Figure 1)
Despite the fact that subjects in the NVP arm were having more extensive previous exposure to NRTIs than that in those who started EFV, frequencies of RT-C and RT-H 

mutations were similar in both NVP and EFV groups (p=0.185). The most frequent RT-C mutations were A371V=23%, G335C/D=14%, and A376S=9%. Regarding IAS-USA 

RT mutations, 162 subjects (56%) had the M184V mutation (66 (57%) NVP, 96 (56%) EFV) and 178 (62%) had at least one TAM (78 (68%) NVP, 100 (58%) EFV).

Covariation between mutations in the connection and RNAseH domains and RT IAS-USA mutations (Table 2, Figure 2).
Figure 2 shows the results of the covariation analysis between connection and RNAseH mutations with RT IAS-USA mutations using the Phi correlation analysis. As 

expected, the TAM1, TAM2 and 151M-type clusters can be identified as visible “hot spots”. After p-value adjustment, a number of weak correlations were identified 

between some RT-C and IAS-USA mutations (Table 2).  Mutation V365I was weakly associated with L210W (phi=0.23, B-H adjusted p=0.02), mutation A371V was 

associated with M41L (phi=0.21, p=0.02) and mutation E399D was associated with the 151M-cluster (phi=0.32, p=0.04). In this analysis, A376S did not cluster with any 

of the RT IAS-USA mutations (phi<0.2).
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Patient characteristics at the start of the NNRTI-
containing regimen

Table 1

NNRTI baseline resistance
(n, %)

No. of active non-NNRTI drugs
(Median, IQR)
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0.391(4.8, 5.6)5.1(4.7, 5.5)5.1(4.7, 5.6)5.1Max ever(log10copies/ml) 
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Antiretrovirals in regimen (n, %)
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0.75573.812772.28373.2210Male
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Connection and RNAseH mutations detected at 
start of NNRTI-containing regimen

Figure 1
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Table 2

Covariation of mutations in the connection and 
RNAseH domains with IAS-USA  RT  Mutations

The correlation Phi takes value in the 
range [-1;+1]; the pair wise Phi test 
value is shown in colors

phi=-1 means that mutations are 
negatively associated (i.e. two 
mutations are antagonists), 

phi=0 indicates no association 

phi=+1 means that mutations are 
positively correlated (i.e. they 
cluster). 

Color code: red shades for the 
highest positive correlations, green 
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correlations

Figure 2

Risk of virological failure in subjects starting nevirapine vs. 
efavirenz in the presence or absence of the A376S mutation
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Figure 3

A total of 231 (80%) had previously started zidovudine or stavudine (ZDV/d4T) before the date of their plasma sample tested for resistance.  Of these, V365I and L210W 
were detected in 10 (4%) patients (p=0.218), A371V and M41L in 41 (18%) (p<0.001), and E399D and 151M in 3 (1%) (p=1.000).  No patients in which any of the three 
clusters were detected were ZDV and d4T naive.

Association between detection of mutations in the connection and RNAseH domains and risk of virological failure (Table 3, Figure 3)
142 (49%) patients experienced virological failure over a median of 19 months of follow-up; virological failure was observed in 77 individuals starting NVP (67%), versus 
65 subjects initiating EFV (38%) (p<0.001).
In the multivariable model adjusting for the potentially confounding factors listed in the methods, there was a 2-fold increased risk of virological failure in patients 
starting NVP versus those starting EFV, RH=2.0 (95% CI: 1.2-3.3, p=0.006).  None of the mutations in the connection or RNAseH RT domains evaluated were associated 
with an increased risk of virological failure independently of the other factors considered (Table 3).  After Bonferroni adjustment for multiple comparisons, there was a 
tendency for mutation A376S to be strongly predictive of virological failure in patients who had started NVP and largely less predictive of failure in those starting EFV. 
Specifically, detection of mutation A376S was associated with an adjusted RH of virological failure of 10.4 (95% CI: 2.0-54.7, p=0.006) in patients who started NVP and 
a RH=0.6 (95% CI: 0.1-2.2, p=0.389) in those who started EFV (Bonferroni-adjusted p-value for interaction=0.088).  
Similar results were obtained after excluding ART-naive patients, those with IAS NNRTI-associated mutations and those with D67N, K70R or T215F mutations (Figure 3).
In the multivariable model adjusting for potential confounders, all RT-C and RT-R mutations and for the interaction between NVP/EFV use and A376S, the RH of 
virological failure in those starting NVP versus those starting EFV was 1.7 (95% CI: 1.0-2.8, p=0.039).  

CONCLUSIONS
• Mutation A376S in the reverse transcriptase connection domain is associated with more than a 10-fold increased risk of virological failure to NVP-based ART in 

subjects with prior NRTI exposure; in contrast, A376S does not seem to have a large effect on the virological outcome to EFV-containing ART in our study 
population. These findings suggest that mutation A376S may reduce HIV-1 susceptibility to NVP. In addition, our results suggest that genotyping the RT connection 
domain might be useful  in subjects with prior NRTI exposure who need to be treated with first-generation NNRTIs

• Given that subjects initiating NVP still had a higher risk of virological failure than those initiating EFV and that the magnitude of the effect was similar to that 
observed in previous analyses of the database after controlling for the detection of the A376S and other mutations in the connection or RNAseH domains, the effect 
of  such mutations does not seem to fully explain the increased risk of virological failure of NVP regimens relative to EFV in EuroSIDA

• This study did not detect a significant association between mutations N348I, T369I or E399D, shown to decrease NNRTI susceptibility in vitro, and risk of virological
failure to NNRTI therapy 

• Covariation of RT-C mutations V365I, A371V and G399D with some TAMs confirms previous data suggesting that RT-C mutations are co-selected with TAMs under 
zidovudine or stavudine exposure 

STUDY LIMITATIONS
• The main limitations of our analysis are: (a) the sample size of this study is limited; a larger sample size is needed to decrease the uncertainty around our relative 

hazards estimates, (b) the NVP and EFV arms are unbalanced regarding several key baseline characteristics; provided that these differences have been properly 
accounted for by our multivariable analysis, we cannot rule out that there could be other unmeasured confounders (adherence, prescription patterns, etc) 

• Currently, there is no in vitro evidence that the A376S mutation is associated with reduced phenotypic susceptibility

• Our findings should be at least replicated in an independent cohort before drawing firm conclusions regarding the clinical utility of routine testing of RT-C and RT-R 
regions of HIV 
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