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Tendencias mundiales de la resistencia de VIH 

•  La resistencia pre-TAR está incrementándose en partes del mundo donde se usan 
ampliamente regímenes de primera línea basados en NNRTI.  
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Tendencias mundiales de la resistencia de VIH 

•  El incremento de la resistencia pre-TAR a NRTI no es evidente como a NNRTI.  
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Avila-Ríos et al, PLoS One 2016 

K103N 

Tendencia de aumento de la resistencia transmitida a NNRTI en 
Latinoamérica 
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Clutter et al, 2016 Inf Gen Evol 
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La factibilidad de desarrollo de resistencia depende de la 
potencia y la barrera genética de los fármacos antirretrovirales 
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Coordinando una respuesta ante la farmacorresistencia del VIH 

•  El Plan Global de Acción 2017-2021 de la OMS provee un marco de respuesta 
global de cinco años hacia la farmacorresistencia del VIH.  
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Encuestas de resistencia pre-TAR de OMS 

Desde 2014, la OMS desarrolló una metodología 
estandarizada para conducir encuestas de resistencia pre-
TAR (y adquirida) de VIH con representatividad a nivel 
nacional.  
 
Estimación con representatividad nacional de los niveles 
de resistencia pre-TAR en tres grupos: 
 
1) Todos los iniciadores de TAR (Personas vírgenes a ARV y re-
iniciadores con previa exposición a ARV) 
2) Iniciadores de TAR con previa exposición a ARV (auto-reporte 
basado en cuestionario de entrada) 

–  Mujeres expuestas a ARV para prevención de 
transmisión de madre a hijo. 

–  Personas que dejan el TAR y re-inician con primera línea 
después de al menos tres meses después de la 
interrupción. 

3) Personas vírgenes a ARV que inician TAR por primera vez 
(auto-reporte basado en cuestionario de entrada) 
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Países implementando encuestas de resistencia pre-TAR de OMS 

Mexico 

Guatemala 
Nicaragua 

Colombia 

Argentina 

Brasil 

Camerún 

Namibia Zimbabwe 

Uganda 

Mianmar 

WHO HIVDR Report 2017 
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WHO HIVDR Report 2017 

* Surveys excluding persons with prior exposure to ARV 

* 
* * 

* 

Resistencia pre-TAR a EFV/NVP cercana al 10% en varios países 
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Cameroon Namibia Uganda Argentina Guatemala Nicaragua Myanmar 

ART-naïve 80.6% 81.7% 88.9% 81.0% 93.9% 85.4% 90.0% 

Prior exposed 7.8% 18.0% 1.2% 18.6% 2.8% 12.3% 8.4% 

Unknown 11.6% 0.3% 9.9% 0.4% 3.3% 2.3% 1.6% 

WHO HIVDR Report 2017 

Resistencia a NNRTI en re-iniciadores más de dos veces más alta 
que en personas sin previa exposición a ARV 
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WHO HIVDR Report 2017 
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•  Surveys excluding persons with prior exposure to ARV

Mujeres más afectadas por resistencia a NNRTI en algunos países 



•  Necesidad de fortalecer el sistema de salud 
ü  Monitoreo por CV  para identificar y manejar a tiempo el fallo virológico 
ü  Programas de prevención para evitar transmisión de virus resistentes 
ü  Educación en prescripción de ARV 

•  Necesidad de evaluar los niveles de resistencia pre-TAR de VIH en países carentes de información 
ü  Información generada actualmente útil para convencer a otros países 
ü  Implementación exitosa de encuestas como guía para implementar encuestas nuevas 
ü  Colaboraciones internacionales para proveer apoyo en diseño de encuestas, logística, genotipificación 

•  Cuando los niveles de resistencia a NNRTI son altos, identificar qué respuesta/acción es factible 
ü  ¿Cambio a regímenes basados en DTG en todos los iniciadores de TAR?  
ü  ¿Priorizar inicio de TAR con regímenes basados en DTG en individuos con alto riesgo de resistencia (e.g. re-

iniciadores)? 
ü  ¿Genotipos de VIH basales para todos los iniciadores de TAR e inicio con regímenes basados en DTG para quienes 

presenten resistencia? Incrementar capacidad de laboratorio 

¿Qué hacer ahora? 
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Institute of Respiratory Diseases (INER, Mexico City, 
Mexico; E10-10), the institution coordinating the survey. 
Consecutive adult patients (aged ≥18 years) about to 
initiate first-line ART at the sampled clinics were screened 
through a questionnaire and those reporting no previous 
exposure to antiretroviral drugs were invited to participate 
in the survey. We excluded individuals reporting previous 
exposure. All participants gave written informed consent 
before blood-sample donation.

Procedures
Data for demographic characteristics, including education 
level, and marital and employment status, risk factors for 
HIV infection, sex, and age were obtained through a 
questionnaire at the moment of blood-sample donation. 
Baseline CD4-positive T-cell counts and determinations 
of HIV plasma viral load were done for each participant 
with the same blood specimen donated for the survey. We 
extracted viral RNA from 1 mL of plasma and amplified 
and sequenced HIV protease-reverse transcriptase with 
an in-house developed protocol as previously published,9 
using a 3730xl Genetic Analyzer instrument 
(ThermoFisher, Waltham, MA, USA). Sequences were 

assembled with the web-based automated sequence 
analysis tool RECall (University of British Columbia, 
Canada).10 We did the sequencing at the WHO-accredited 
Centre for Research in Infectious Diseases laboratory of 
the INER, fulfilling procedural and infrastructure 
requirements for good laboratory practices and quality 
assurance in HIV genotyping.

HIV pol amplicons obtained for Sanger sequencing were 
also deep sequenced with a MiSeq instrument (Illumina, 
San Diego, CA, USA). DNA libraries were generated for the 
pol PCR products with Nextera XT DNA Sample 
Preparation Kit and Nextera XT Index Kit (Illumina), 
according to manufacturers’ instructions. Multiplexed 
runs, each with 96 viral libraries, were done with 500-cycle 
MiSeq Reagent Kits v.2 (Illumina). We assessed the 
frequency of drug-resistant mutations within each patient’s 
viral population from next-generation sequencing runs 
(fastq files) with HyDRA, an automated HIV drug 
resistance analysis pipeline (National Microbiology 
Laboratory; Public Health Agency of Canada, Winnipeg, 
MN, Canada).11 Aminoacid mutations were queried against 
a merged drug-resistance mutation database including the 
WHO list of surveillance drug-resistance mutations12 and 

Figure 1: Geographical distribution of participating clinics
Probability-proportional-to-size (PPS) sampling with a 32-clinic model was applied to design the pretreatment HIV-drug resistance survey according to WHO 
guidelines. Participants were recruited in 25 clinics selected by the PPS method, among all Ministry of Health institutions initiating ART in Mexico, from February to 
July, 2015. Selected clinics and number of participants included per clinic are shown. CAPASITS=Centro Ambulatorio para la Prevención y Atención en SIDA e 
Infecciones de Transmisión Sexual.
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Drug Class All 
% PDR (95% CI) 

Women 
% PDR (95% CI) 

Men 
% PDR (95% CI) 

Any ARV 13.5 (9.4-19.1) 20.7	
  (8.4-­‐42.5)	
   12.1	
  (8.3-­‐17.4)	
  

NNRTI 9.2 (5.6-14.7) 14.8	
  (4.7-­‐38.0)	
   8.1	
  (5.1-­‐12.6)	
  

NRTI 5.5 (3.0-9.9) 10.3	
  (3.5-­‐26.5)	
   4.6	
  (2.2-­‐9.5)	
  

PI 2.6 (1.1-5.4) 4.2	
  (0.9-­‐17.0)	
   2.2	
  (0.9-­‐5.4)	
  

NNRTI + NRTI 1.4 (0.5-4-4) 5.9	
  (1.5-­‐20.4)	
   0.6	
  (0.1-­‐4.3)	
  

% starting active ART 91.7 (85.6-95.3) 86.6	
  (66.0-­‐95.6)	
   92.6	
  (87.3-­‐95.8)	
  
Avila-Ríos, et al., 
Lancet HIV 2016 

Encuesta nacional de resistencia pre-TAR de VIH 

Resistance is defined by the Stanford HIVdb algorithm (version 8.3); sequences with predicted low-, 
intermediate- or high-level resistence are considered as resistant. For drug class resistance definition 
EFV/NVP, ATV/DRV/LPV, any NRTI and any INSTI were considered. 
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Avila-Ríos, et al., Lancet HIV 2016 

Encuesta nacional de resistencia pre-TAR de VIH 
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the Stanford HIV Drug Resistance Database (HIVdb).13 A 
conservative threshold of 2% was used to define the 
presence of drug resistance mutations. With our 
sequencing protocol, a sequencing depth of 1500–2000 times 
and a viral load of more than 2500 copies per mL 
(>2500 total input copies) would be needed in order to 
accurately identify variants at 1% frequency.

We assessed HIV-drug resistance using the Stanford 
Algorithm (version 7.0), with the HIVdb program.13,14 
Individuals with drug resistance were defined as those 
with at least low-level resistance (ie, a Stanford penalty 

score ≥15) to any antiretroviral drug. Additionally, we 
estimated the prevalence of pretreatment drug resistance 
with the Stanford Calibrated Population Resistance 
(CPR) method,15 based on the WHO list of surveillance 
drug-resistance mutations.12 We did CPR and HIVdb 
analyses both with Sanger and next-generation 20% 
consensus sequences.

We identified recent infections with a multiassay 
algorithm designed to minimise false-recency results.16 
Individuals with recent infection were defined as those 
with less than 1 year of diagnosis, CD4 cell counts of 
more than 200 cells per mL, a plasma viral load of more 
than 400 RNA copies per mL, a BED HIV-1 Incidence 
EIA (Sedia, Portland, OR) ODn score of less than 1 × 0 
and a confirmatory HIV-1-LAg-Avidity EIA (Sedia) ODn 
score of less than 1·0. This algorithm has a mean 
seroconversion period of 130 days (95% CI 118–142) and a 
low false-recency rate (0·4%).

For phylogenetic analyses, we aligned sequences in 
ClustalW (European Bioinformatics Institute, Cambridge, 
UK) and eliminated positions associated with drug 
resistance. We constructed a maximum likelihood tree 
with the General Time Reversible + I + γ model, with the 
MEGA 6 × 06 program, including reference sequences 
from the Los Alamos HIV Database.17 The best 
substitution model was determined with the model 
selection method implemented in MEGA 6 . 06. We 
assessed confidence with 1000 bootstrap repetitions.

Statistical analysis
We obtained baseline and follow-up clinical data, 
including ART initiation date, first-line ART regimen, 
plasma viral load, and CD4 cell count determinations 
after ART initiation, changes in ART regimens, and 
mortality from the Mexican national HIV database 
(SALVAR) on January 29, 2016, 6 months after closing 
the survey. We investigated possible relations between 
demographic variables and pretreatment drug resistance 
with univariate and multivariate logistic regression. The 
model was adjusted by age, sex, and demographic 
variables that were significant in the univariate analysis 
(p<0·05). Additionally, we used univariate regression to 
assess the effect of pretreatment drug resistance and 
demographic variables on ART outcomes. We then did 
multivariate regression with two options: pretreatment 
drug resistance and initial ART regimen considered as 
individual variables, and pretreatment drug resistance 
and initial ART regimen combined as composite 
variables. The multivariate model was corrected by 
pretreatment CD4 cell count, plasma viral load, and 
significant variables from univariate analysis (p<0 × 05). 
Results were reported as odds ratios (ORs) with 95% CIs. 
Analyses were done in R, version 3.2.4.

Role of the funding source
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 

Complete cohort 
(n=264)

Individuals without 
pretreatment HIV-
drug resistance 
(n=223)*

Individuals with 
pretreatment HIV-
drug resistance 
(n=41)*

Sex

Male 225 (85%) 194 (87%) 31 (76%)

Female 39 (15%) 29 (13%) 10 (24%)

Age (years) 31 (24–39) 31 (25–37) 33 (24–42)

CD4 count (cells per μL) 258 (86–428) 264 (101–407) 176 (50–522)

CD4 cell count (%) 13% (7–21) 14% (7–21) 11% (6–19)

Plasma viral load (log copies 
per mL)

4·8 (4·2–5·3) 4 ·8 (4·2–5·3) 5 ·1 (4·0–5·5)

Recent infection 64 (24%) 56 (25%) 8 (20%)

Marital status

Single 182 (69%) 156 (70%) 26 (63%)

Married 27 (10%) 23 (10%) 4 (10%)

Domestic partnership 46 (17%) 38 (17%) 8 (20%)

NA 9 (3%) 6 (3%) 3 (7%)

Education

Illiterate 5 (2%) 5 (2%) 0 

Elementary 34 (13%) 27 (12%) 7 (17%)

High school 148 (56%) 130 (58%) 18 (44%)

Degree or technical 
qualification

66 (25%) 51 (23%) 15 (37%)

Postgraduate 6 (2%) 6 (3%) 0 

NA 5 (2%) 4 (2%) 1 (2%)

Employment

Employed 131 (50%) 111 (50%) 20 (49%)

Unemployed 98 (37%) 84 (38%) 14 (34%)

Student 23 (9%) 18 (8%) 5 (12%)

NA 12 (5%) 10 (4%) 2 (5%)

HIV risk factors

Men who have sex with men† 136 (52%) 122 (55%) 14 (34%)

Heterosexual† 96 (36%) 75 (34%) 21 (51%)

Bisexual 11 (4%) 9 (4%) 2 (5%)

People who inject drugs 4 (2%) 4 (2%) 0

Other 1 (<1%) 1 (<1%) 0 

NA 16 (6%) 12 (5%) 4 (10%)

Data are n (%) or median (IQR). NA=not available. *Pretreatment drug resistance defined with the Stanford University 
HIV drug resistance database tool as individuals with a penalty score of at least 15 for any antiretroviral drug. All 
variables were compared between individuals with and without pretreatment drug resistance. †p<0·05 Fisher’s exact 
test for discrete variables, Mann Whitney test for continuous variables comparing individuals with and without 
pretreatment HIV-drug resistance. For men who have sex with men p=0·0175; for heterosexual p=0·0353.

Table 1: Demographic and clinical characteristics of survey participants

Avila-Ríos et al., Lancet HIV 2016 

Dependent 
Variable Associated Variable OR CI 95% p-value q-value 

Univariate 
MSM PDR any drug 0.44 0.21-0.90 0.0268 0.3212 

Heterosexual PDR any drug 2.38 1.18-4.90 0.0165 0.3212 
Elementary 
School PDR PI 5.35 1.01-25.37 0.0333 0.7982 
Domestic 
Partnership PDR NRTI 3.77 1.18-11.43 0.0193 0.2318 

MSM PDR NRTI 0.26 0.06-0.89 0.0463 0.3700 
Heterosexual PDR NRTI 5.14 1.49-23.62 0.0161 0.2318 
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(p=0·0097). NNRTI initiators with pretreatment 
resistance to NNRTI achieved significantly lower levels 
of suppression with multivariate option 2 (plasma viral 
load <50 copies per mL) as well as people starting 
protease inhibitors with pretreatment resistance to any 
drug (table 4). 

Of 19 individuals with registered ART regimen change, 
seven (37%) had pretreatment resistance to any 
antiretroviral drug. Individuals without pretreatment 
drug resistance were less likely to change antiretroviral 
drug regimens than individuals with resistance in reverse 
transcriptase (OR 0 · 2, 95% CI 0 · 1–0 · 6; p=0 · 0067; 
table 3). Most individuals switched to a second-line ART 
regimen based on protease inhibitors including 
atazanavir (11), lopinavir (two), or darunavir (two).

From 22 participants with pretreatment resistance to 
NNRTI and information on first ART regimen, six 
started with regimens based on protease inhibitors (in all 
cases containing atazanavir). For the remaining 
16 participants (all of whom started with efavirenz plus 
tenofovir plus emtricitabine), genotyping results were 
not taken into account initially for starting ART, but a 
switch to regimens based on protease inhibitors was 
recorded for five of these individuals within a median of 
78 days.

Nine (4%) of 242 participants had died by 6 months 
after the survey had closed. Mortality was associated with 
older age, and higher pretreatment plasma viral loads 

(table 4). Associations between pretreatment resistance to 
NRTI, AIDS-defining illness at ART initiation, and lower 
pretreatment CD4 T-cell counts were noted, but 
significance was lost after multivariate correction (table 4).

Compared with NNRTI initiators without NNRTI 
pretreatment resistance, the proportion of NNRTI 
initiators with undetectable plasma viral load at 6 months 
after closing the survey was significantly lower in 
individuals with resistance mutations at sensitivity 
thresholds of 20% (p=0·019), 10% (p=0·0064), and 5% 
(p=0·015), but not 2% (p=0·074), suggesting a clinical 
role of low-abundance variants of at least 5% (figure 5). 
Low-abundance NRTI mutations had no significant 
effects. Because only two of 25 patients stating protease 
inhibitors had resistance mutations to these drugs, we 
could not assess of the possible effect of low-abundance 
resistance mutations on ART effectiveness.

Discussion
From our survey, we noted high levels of pretreatment 
HIV-drug resistance in Mexico, with dominance of 
NNRTI resistance that significantly reduced the 
effectiveness of first-line NNRTI-based ART regimens.

Our study was the first nationally representative survey 
of pretreatment HIV-drug resistance in Mexico. Its most 
important strength was its national representativeness; 
clinics selected by the PPS method reflected the 
distribution of reported HIV-infected patients in the 

Complete cohort All NNRTI 
initiators

NNRTI initiators 
without 
pretreatment 
drug resistance 
in reverse 
transcriptase

NNRTI initiators 
with 
pretreatment 
drug resistance 
in reverse 
transcriptase

NNRTI initiators 
with NNRTI 
pretreatment 
drug resistance

NNRTI initiators 
with NRTI 
pretreatment 
drug resistance

First ART regimen* n=210 ·· ·· ·· ·· ··

NNRTI-based 178 (84 · 8) ·· ·· ·· ·· ··

Protease-inhibitor based 30 (14 · 3) ·· ·· ·· ·· ··

Integrase-inhibitor based 2 (1 · 0) ·· ·· ·· ·· ··

Plasma viral load within 6 months after 
ART initiation†

n=179 n=135 n=112 n=23 n=15 n=10

<1000 copies per mL 148 (82 · 7) 124 (91 · 9) 105 (93 · 8) 19 (82 · 6) 12 (80 · 0) 9 (90 · 0)

<200 copies per mL 141 (78 · 8) 121 (89 · 6) 104 (92 · 9) 17 (73 · 9) 10 (66 · 7) 8 (80 · 0)

<100 copies per mL 126 (70 · 4) 109 (80 · 7) 97 (86 · 6) 12 (52 · 2)‡ 7 (46 · 7)‡ 5 (50 · 0)§

<50 copies per mL 109 (60 · 9) 97 (71 · 9) 86 (76 · 8) 11 (47 · 8)‡ 6 (40 · 0)‡ 5 (50 · 0)

Change of ART scheme within 6 months 
of ART initiation*

n=210 n=178 n=152 n=26 n=16 n=12

All individuals 19 (9 · 0) 18 (10 · 1) 11 (7.2) ·· ·· ··

Individuals with pretreatment drug 
resistance

7 (3 · 3) 7 (3 · 9) ·· 7 (26·9)‡ 5 (31·3)‡ 3 (25·0)

Data are n (%). ·=not applicable. ART=antiretroviral therapy.  NNRTI=non-nucleoside reverse transcriptase inhibitors. *Data for first-line ART regimen available for 210 of 
264 individuals; 27 individuals did not start ART within 6 months and information is unknown for a further 27 individuals. †Plasma viral load data within 6 months after 
closing the survey (median follow up on ART 8 months (IQR 6·5-9·4, range 5–11) available for 179 of 264 individuals; when more than one determination was available, the 
last result was used. Pretreatment drug resistance defined with the Stanford HIVdb program as individuals with a penalty score of at least 15 for any drug in the 
corresponding category. ‡p<0·01 by Fisher’s exact test, NNRTI initiators with vs. without pretreatment drug resistance in reverse transcriptase (plasma viral load<50, 
p=0·0094; plasma viral load<100, p=0·0005) or NNRTI initiators with vs. without NNRTI pretreatment drug resistance (plasma viral load<50, p=0·0052; plasma viral 
load<100, p=0·0010). §p<0·05 by Fisher’s exact test, NNRTI initiators with vs. without NRTI pretreatment drug resistance (plasma viral load<100, p=0·0107). 

Table 3: Effect of pretreatment HIV-drug resistance on patient treatment outcomes

Avila-Ríos et al., Lancet HIV 2016 
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Associated 
outcome

Univariate Multivariate option 1* Multivariate option 2*

OR 95% CI p value q value OR 95% CI p value q value OR 95% CI p value q value

(Continued from previous page)

Start with 
TDF+FTC+ATV/r

Plasma viral load 
<50 copies per mL

0 · 21 0 · 07–0 · 57 0 · 0032 0 · 0741 ·· ·· ·· ·· ·· ·· ·· ··

Start with 
TDF+FTC+ATV/r

CD4 gain at 3 
months

1 · 00 1 · 00–1 · 01 0 · 0303 0 · 1438 ·· ·· ·· ·· ·· ·· ·· ··

Protease-inhibitor 
initiator

Plasma viral load 
<1000 copies per 
mL

0 · 23 0 · 08–0 · 68 0 · 0064 0 · 0921 ·· ·· ·· ·· ·· ·· ·· ··

Protease-inhibitor 
initiator

Plasma viral load 
<200 copies per mL

0 · 19 0 · 07–0 · 52 0 · 0010 0 · 0331 ·· ·· ·· ·· ·· ·· ·· ··

Protease-inhibitor 
initiator

Plasma viral load 
<100 copies per mL

0 · 30 0 · 12–0 · 75 0 · 0087 0 · 0738 ·· ·· ·· ·· ·· ·· ·· ··

Protease-inhibitor 
initiator

Plasma viral load 
<50 copies per mL

0 · 27 0 · 11–0 · 64 0 · 0034 0 · 0741 ·· ·· ·· ·· ·· ·· ·· ··

Protease-inhibitor 
initiator 

CD4 gain at 3 
months

1 · 00 1 · 00–1 · 01 0 · 0055 0 · 0712 ·· ·· ·· ·· ·· ·· ·· ··

Pretreatment HIV-drug resistance status

Any drug Plasma viral load 
<200 copies per mL

– – – – 0 · 21 0 · 05–0 · 98 0 · 0400 0 · 4841 ·· ·· ·· ··

Any drug Plasma viral load 
<100 copies per mL

0 · 34 0 · 15–0 · 74 0 · 0066 0 · 0738 ·· ·· ·· ·· ·· ·· ·· ··

Any drug Plasma viral load 
<50 copies per mL

0 · 43 0 · 19–0 · 92 0 · 0310 0 · 1667 ·· ·· ·· ·· ·· ·· ·· ··

NNRTI Plasma viral load 
<100 copies per mL

0 · 29 0 · 12–0 · 73 0 · 0086 0 · 0738 ·· ·· ·· ·· ·· ·· ·· ··

NNRTI Plasma viral load 
<50 copies per mL

0 · 32 0 · 12–0 · 79 0 · 0152 0 · 1090 ·· ·· ·· ·· ·· ·· ·· ··

NNRTI CD4 gain at 3 
months

1 · 00 0 · 99–1 · 00 0 · 0475 0 · 1642 ·· ·· ·· ·· ·· ·· ·· ··

NRTI Death 5 · 32 0 · 74–24 · 79 0 · 0495 0 · 2129 ·· ·· ·· ·· ·· ·· ·· ··

Protease inhibitors CD4 gain at 3 
months

0 · 99 0 · 99–1 · 00 0 · 0075 0 · 0712 ·· ·· ·· ·· ·· ·· ·· ··

Any drug and NNRTI 
initiators

Plasma viral load 
<100 copies per mL

0 · 28 0 · 11–0 · 70 0 · 0056 0 · 0738 ·· ·· ·· ·· ·· ·· ·· ··

Any drug and NNRTI 
initiators

CD4 gain at 3 
months

1 · 00 0 · 99–1 · 00 0 · 0211 0 · 1217 ·· ·· ·· ·· ·· ·· ·· ··

Any drug and start 
with TDF+FTC+EFV

Plasma viral load 
<100 copies per mL

0 · 37 0 · 15–0 · 91 0 · 0296 0 · 1272 ·· ·· ·· ·· ·· ·· ·· ··

PDR any drug and 
start with 
TDF+FTC+EFV

CD4 gain at 3 
months

1 · 00 0 · 99–1 · 00 0 · 0429 0 · 1631 ·· ·· ·· ·· ·· ·· ·· ··

Any drug and 
protease inhibitor 
initiators

Plasma viral load 
<1000 copies per 
mL

0 · 08 0 · 01–0 · 37 0 · 0015 0 · 0625 ·· ·· ·· ·· 0 · 08 0 · 01–0 · 42 0 · 0032 0 · 2213

Any drug and 
protease inhibitor

Plasma viral load 
<200 copies per mL

0 · 10 0 · 02–0 · 48 0 · 0041 0 · 0436 ·· ·· ·· ·· 0 · 11 0 · 02–0 · 57 0 · 0088 0 · 2444

Any drug and 
protease inhibitor

Plasma viral load 
<100 copies per mL

0 · 20 0 · 04–0 · 97 0 · 0442 0 · 1575 ·· ·· ·· ·· ·· ·· ··

Any drug and 
protease inhibitor

Plasma viral load 
<50 copies per mL

0 · 19 0 · 03–0 · 90 0 · 0495 0 · 2298 ·· ·· ·· ·· 0 · 15 0 · 02–0 · 76 0 · 0301 0 · 3248

Any drug and start 
with TDF+FTC+ATV/r

Plasma viral load 
<1000 copies per 
mL

0 · 14 0 · 03–0 · 67 0 · 0129 0 · 1112 ·· ·· ·· ·· ·· ·· ·· ··

Any drug and start 
with TDF+FTC+ATV/r

Plasma viral load 
<200 copies per mL

0 · 18 0 · 04–0 · 88 0 · 0320 0 · 1965 ·· ·· ·· ·· ·· ·· ·· ··

NNRTI and NNRTI 
initiator

Plasma viral load 
<100 copies per mL

0 · 22 0 · 07–0 · 65 0 · 0061 0 · 0738 ·· ·· ·· ·· ·· ·· ·· ··

(Table 4 continues on next page)
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country.19 The demographic characteristics of the cohort 
were also consistent with previous reports on the 
Mexican HIV epidemic, including mostly men6,19 with a 
characteristic late presentation to clinical care.20 This 
survey deviates from WHO guidelines in that it did not 
include patients with previous ART exposure (ie, 
restarters). This decision was made because of the 
observation that the proportion of restarters in the 
country is low (2 · 9%, 95% CI 2 · 8–3 · 0, from all 
individuals on ART up to 2015 according to the SALVAR 
database), to simplify inclusion criteria and avoid 
confusion. The most frequent reasons for ART 
discontinuation generally after revising the national 
database SALVAR were abandonment (57%), followed by 
migration (19%) and acquisition of Social Security 
healthcare access (11%). These are important limitations 
that warrant improvement in future surveys. Another 
limitation was that only Ministry of Health clinics were 
sampled and no Social Security clinics were included. 
Nevertheless, 63% of individuals on ART in Mexico are 
affiliated to Ministry of Health clinics.

The worryingly high prevalence of pretreatment drug 
resistance, is in line with previous reports showing 
increasing pretreatment-resistance trends in Mexico.21-23 
Pretreatment-resistance transmission of HIV was higher 
in heterosexual individuals, and prevalence was 26% in 
women. We suggest that women and their male partners 
should be identified as target groups for programmatic 
actions. By contrast with previous studies and with 
comprehensive meta-analyses,24,25 is our finding of the 
dominance of NNRTI pretreatment resistance over NRTI 
resistance. Indeed, the drugs most affected by 
pretreatment resistance were efavirenz and nevirapine, 

consistent with the common use of efavirenz-containing 
first-line ART regimens (appendix p 6). Given that 85% of 
individuals in our survey started with NNRTI-based 
regimens, and that 8·7% of individuals had resistance to 
the most widely used ART regimen tenofovir disoproxil 
fumarate plus emtricitabine plus efavirenz, this 
observation needs to be taken into account for policy 
making and selection of future first-line ART regimens, 
along with considering the high proportion of NNRTI 
initiators without NNRTI pretreatment drug resistance 
who achieved virological suppression. Although 
etravirine and rilpivirine are not used as part of first-line 
ART regimens in Mexico, we noted at least low-level 
pretreatment resistance to these drugs in 2·7% and 
5·7% of individuals, respectively. Thus, the use of these 
drugs, particularly rilpivirine, in the Mexican setting 
should be examined with caution.

 We noted high-level pretreatment resistance (Stanford 
penalty score ≥60) for the NRTI backbones that are most 
frequently used in ART regimens (ie, tenofovir disoproxil 
fumarate plus emtricitabine, abacavir plus lamivudine, 
and zidovudine plus lamivudine). For lamivudine and 
emtricitabine, resistance was largely a result of Met184Val 
mutations. Resistance to abacavir, tenofovir, and 
zidovudine (mostly intermediate-level or low-level, 
penalty score 15–59) was associated mainly with TAMs. 
Even with the high frequency of tenofovir disoproxil 
fumarate use, the absence of Lys65Arg was remarkable, 
and could be accounted for by viral fitness constraints 
and the bidirectional antagonism between the Lys65Arg 
and TAM pathways.27 Of note, tenofovir and abacavir 
resistance, including Lys65Arg and Lys70Glu, mutations 
were exclusively low-abundance (<5%) variants. 

Associated 
outcome

Univariate Multivariate option 1* Multivariate option 2*

OR 95% CI p value q value OR 95% CI p value q value OR 95% CI p value q value

(Continued from previous page)

NNRTI and NNRTI 
initiator

Plasma viral load 
<50 copies per mL

0 · 30 0 · 09–0 · 87 0 · 0292 0 · 1667 ·· ·· ·· ·· 0 · 24 0 · 07–0 · 74 0 · 0143 0 · 2444

NNRTI and NNRTI 
initiator

CD4 gain at 3 
months

0 · 99 0 · 99–1 · 00 0 · 0054 0 · 0712 ·· ·· ·· ·· ·· ·· ·· ··

NNRTI and start with 
TDF+FTC+EFV

Plasma viral load 
<100 copies per mL

0 · 33 0 · 11–0 · 97 0 · 0429 0 · 1575 ·· ·· ·· ·· ·· ·· ·· ··

NNRTI and start with 
TDF+FTC+EFV

CD4 gain at 3 
months

0 · 99 0 · 99–1 · 00 0 · 0069 0 · 0712 ·· ·· ·· ·· ·· ·· ·· ··

NRTI and NNRTI 
initiator

Plasma viral load 
<100 copies per mL

0 · 27 0 · 07–1 · 02 0 · 0476 0 · 1575 ·· ·· ·· ·· ·· ·· ·· ··

NRTI and NNRTI 
initiator

Death 7 · 72 1 · 02–41 · 16 0 · 0227 0 · 1222 ·· ·· ·· ·· ·· ·· ·· ··

NRTI and start with 
TDF+FTC+EFV

Death 8 · 82 1 · 19–44 · 27 0 · 0132 0 · 1222 ·· ·· ·· ·· ·· ·· ·· ··

Only variables with significant association to clinical outcome are shown. *Two options were used to do the multivariate analysis—option 1: pretreatment drug resistance and initial antiretroviral therapy (ART) 
regimen considered as individual variables and option 2: pretreatment drug resistance and initial ART regimen combined as composite variables. OR=odds ratio. NNRTI=non-nucleoside reverse transcriptase 
inhibitors. NRTI=nucleoside reverse transcriptase inhibitors. TDF=tenofovir disoproxil fumarate. FTC=emtricitabine. EFV=efavirenz. ATV/r=boosted atazanavir.

Table 4: Demographic and clinical variables associated with first-line ART outcome
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country.19 The demographic characteristics of the cohort 
were also consistent with previous reports on the 
Mexican HIV epidemic, including mostly men6,19 with a 
characteristic late presentation to clinical care.20 This 
survey deviates from WHO guidelines in that it did not 
include patients with previous ART exposure (ie, 
restarters). This decision was made because of the 
observation that the proportion of restarters in the 
country is low (2 · 9%, 95% CI 2 · 8–3 · 0, from all 
individuals on ART up to 2015 according to the SALVAR 
database), to simplify inclusion criteria and avoid 
confusion. The most frequent reasons for ART 
discontinuation generally after revising the national 
database SALVAR were abandonment (57%), followed by 
migration (19%) and acquisition of Social Security 
healthcare access (11%). These are important limitations 
that warrant improvement in future surveys. Another 
limitation was that only Ministry of Health clinics were 
sampled and no Social Security clinics were included. 
Nevertheless, 63% of individuals on ART in Mexico are 
affiliated to Ministry of Health clinics.

The worryingly high prevalence of pretreatment drug 
resistance, is in line with previous reports showing 
increasing pretreatment-resistance trends in Mexico.21-23 
Pretreatment-resistance transmission of HIV was higher 
in heterosexual individuals, and prevalence was 26% in 
women. We suggest that women and their male partners 
should be identified as target groups for programmatic 
actions. By contrast with previous studies and with 
comprehensive meta-analyses,24,25 is our finding of the 
dominance of NNRTI pretreatment resistance over NRTI 
resistance. Indeed, the drugs most affected by 
pretreatment resistance were efavirenz and nevirapine, 

consistent with the common use of efavirenz-containing 
first-line ART regimens (appendix p 6). Given that 85% of 
individuals in our survey started with NNRTI-based 
regimens, and that 8·7% of individuals had resistance to 
the most widely used ART regimen tenofovir disoproxil 
fumarate plus emtricitabine plus efavirenz, this 
observation needs to be taken into account for policy 
making and selection of future first-line ART regimens, 
along with considering the high proportion of NNRTI 
initiators without NNRTI pretreatment drug resistance 
who achieved virological suppression. Although 
etravirine and rilpivirine are not used as part of first-line 
ART regimens in Mexico, we noted at least low-level 
pretreatment resistance to these drugs in 2·7% and 
5·7% of individuals, respectively. Thus, the use of these 
drugs, particularly rilpivirine, in the Mexican setting 
should be examined with caution.

 We noted high-level pretreatment resistance (Stanford 
penalty score ≥60) for the NRTI backbones that are most 
frequently used in ART regimens (ie, tenofovir disoproxil 
fumarate plus emtricitabine, abacavir plus lamivudine, 
and zidovudine plus lamivudine). For lamivudine and 
emtricitabine, resistance was largely a result of Met184Val 
mutations. Resistance to abacavir, tenofovir, and 
zidovudine (mostly intermediate-level or low-level, 
penalty score 15–59) was associated mainly with TAMs. 
Even with the high frequency of tenofovir disoproxil 
fumarate use, the absence of Lys65Arg was remarkable, 
and could be accounted for by viral fitness constraints 
and the bidirectional antagonism between the Lys65Arg 
and TAM pathways.27 Of note, tenofovir and abacavir 
resistance, including Lys65Arg and Lys70Glu, mutations 
were exclusively low-abundance (<5%) variants. 

Associated 
outcome

Univariate Multivariate option 1* Multivariate option 2*

OR 95% CI p value q value OR 95% CI p value q value OR 95% CI p value q value

(Continued from previous page)

NNRTI and NNRTI 
initiator

Plasma viral load 
<50 copies per mL

0 · 30 0 · 09–0 · 87 0 · 0292 0 · 1667 ·· ·· ·· ·· 0 · 24 0 · 07–0 · 74 0 · 0143 0 · 2444

NNRTI and NNRTI 
initiator

CD4 gain at 3 
months

0 · 99 0 · 99–1 · 00 0 · 0054 0 · 0712 ·· ·· ·· ·· ·· ·· ·· ··

NNRTI and start with 
TDF+FTC+EFV

Plasma viral load 
<100 copies per mL

0 · 33 0 · 11–0 · 97 0 · 0429 0 · 1575 ·· ·· ·· ·· ·· ·· ·· ··

NNRTI and start with 
TDF+FTC+EFV

CD4 gain at 3 
months

0 · 99 0 · 99–1 · 00 0 · 0069 0 · 0712 ·· ·· ·· ·· ·· ·· ·· ··

NRTI and NNRTI 
initiator

Plasma viral load 
<100 copies per mL

0 · 27 0 · 07–1 · 02 0 · 0476 0 · 1575 ·· ·· ·· ·· ·· ·· ·· ··

NRTI and NNRTI 
initiator

Death 7 · 72 1 · 02–41 · 16 0 · 0227 0 · 1222 ·· ·· ·· ·· ·· ·· ·· ··

NRTI and start with 
TDF+FTC+EFV

Death 8 · 82 1 · 19–44 · 27 0 · 0132 0 · 1222 ·· ·· ·· ·· ·· ·· ·· ··

Only variables with significant association to clinical outcome are shown. *Two options were used to do the multivariate analysis—option 1: pretreatment drug resistance and initial antiretroviral therapy (ART) 
regimen considered as individual variables and option 2: pretreatment drug resistance and initial ART regimen combined as composite variables. OR=odds ratio. NNRTI=non-nucleoside reverse transcriptase 
inhibitors. NRTI=nucleoside reverse transcriptase inhibitors. TDF=tenofovir disoproxil fumarate. FTC=emtricitabine. EFV=efavirenz. ATV/r=boosted atazanavir.

Table 4: Demographic and clinical variables associated with first-line ART outcome

La resistencia pre-
TAR se asoció 
significativamente a 
menores niveles de 
supresión virológica 
en un modelo 
multivariado 

Avila-Ríos et al., Lancet HIV 2016 
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La presencia de variantes en baja frecuencia (desde 5%) se asoció con falla 
en supresión virológica en iniciadores con regímenes basados en NNRTI 
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Nevertheless, all but one individual with Lys70Glu (who 
also had Lys103Asn and Pro225His) or Lys65Arg achieved 
virological suppression.

Although protease inhibitors used as first-line ART 
(atazanavir, lopinavir, and darunavir) showed low 
pretreatment resistance, the effect of resistance to these 
drugs on first-line ART effectiveness could not be 
assessed because of the low number of protease-inhibitor 
initiators with pretreatment resistance to protease 
inhibitors.

Similar to results of studies in other parts of the world, 
this survey showed a significant effect of pretreatment 
drug resistance on the virological response to first-line 
ART, especially pretreatment resistance to NNRTI in 
people starting NNRTIs.28–31 Higher pretreatment 
resistance occurred in older individuals and heterosexual 
people, similar to findings in a large European cohort,31 
and we noted associations between lower pretreatment 
CD4 cell count and mortality and higher pretreatment 
plasma viral load and lower ART success, mortality and 
immune reconstitution, similar to findings in southeast 

Asian and sub-Saharan cohorts.29,30 Virological success 
rates were higher for NNRTI initiators than protease-
inhibitor initiators. This observation was unexpected and 
might result from increased adherence to one-pill daily 
regimens (tenofovir disoproxil fumarate, emtricitabone 
and efavirenz). However, this finding could also be 
associated with a short follow-up. We noted no differences 
in baseline CD4 cell counts, plasma viral loads, or 
demographic variables between protease-inhibitor 
initiators and NNRTI initiators. Initiation of first-line 
ART with regimens based on protease inhibitors is a 
common practice in Mexico (14·3% of ART initiators) 
and the decision to use protease inhibitors over NNRTIs 
is mostly clinical, considering possible side-effects of 
efavirenz.

Although higher proportions of low-abundance drug 
resistance mutations for NRTI and protease inhibitors 
compared to NNRTI were noted in the cohort, NNRTI 
low-abundance variants at levels of 5% or more had a 
stronger role in virological suppression in individuals 
starting with NNRTI-based regimens. Our observations 

Figure 5: Effect of low-abundance drug resistance variants on first-line antiretroviral therapy
The proportion of individuals achieving various levels of viral suppression was recorded for participants with available data for antiretroviral treatment initiation date 
and type of regimen, and follow-up viral load determinations up to 6 months after closing the survey. Effects of pretreatment drug resistance low-abundance 
variants of nucleoside reverse transcriptase inhibitors (NRTI) and non-nucleoside reverse transcriptase inhibitors (NNRTI) at different sensitivity thresholds on viral 
suppression levels after initiation of first-line antiretroviral therapy are shown.
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Nevertheless, all but one individual with Lys70Glu (who 
also had Lys103Asn and Pro225His) or Lys65Arg achieved 
virological suppression.

Although protease inhibitors used as first-line ART 
(atazanavir, lopinavir, and darunavir) showed low 
pretreatment resistance, the effect of resistance to these 
drugs on first-line ART effectiveness could not be 
assessed because of the low number of protease-inhibitor 
initiators with pretreatment resistance to protease 
inhibitors.

Similar to results of studies in other parts of the world, 
this survey showed a significant effect of pretreatment 
drug resistance on the virological response to first-line 
ART, especially pretreatment resistance to NNRTI in 
people starting NNRTIs.28–31 Higher pretreatment 
resistance occurred in older individuals and heterosexual 
people, similar to findings in a large European cohort,31 
and we noted associations between lower pretreatment 
CD4 cell count and mortality and higher pretreatment 
plasma viral load and lower ART success, mortality and 
immune reconstitution, similar to findings in southeast 

Asian and sub-Saharan cohorts.29,30 Virological success 
rates were higher for NNRTI initiators than protease-
inhibitor initiators. This observation was unexpected and 
might result from increased adherence to one-pill daily 
regimens (tenofovir disoproxil fumarate, emtricitabone 
and efavirenz). However, this finding could also be 
associated with a short follow-up. We noted no differences 
in baseline CD4 cell counts, plasma viral loads, or 
demographic variables between protease-inhibitor 
initiators and NNRTI initiators. Initiation of first-line 
ART with regimens based on protease inhibitors is a 
common practice in Mexico (14·3% of ART initiators) 
and the decision to use protease inhibitors over NNRTIs 
is mostly clinical, considering possible side-effects of 
efavirenz.

Although higher proportions of low-abundance drug 
resistance mutations for NRTI and protease inhibitors 
compared to NNRTI were noted in the cohort, NNRTI 
low-abundance variants at levels of 5% or more had a 
stronger role in virological suppression in individuals 
starting with NNRTI-based regimens. Our observations 

Figure 5: Effect of low-abundance drug resistance variants on first-line antiretroviral therapy
The proportion of individuals achieving various levels of viral suppression was recorded for participants with available data for antiretroviral treatment initiation date 
and type of regimen, and follow-up viral load determinations up to 6 months after closing the survey. Effects of pretreatment drug resistance low-abundance 
variants of nucleoside reverse transcriptase inhibitors (NRTI) and non-nucleoside reverse transcriptase inhibitors (NNRTI) at different sensitivity thresholds on viral 
suppression levels after initiation of first-line antiretroviral therapy are shown.
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CENTRO DE INVESTIGACIÓN EN ENFERMEDADES INFECCIOSAS 

•  Opción preferida: Introducir pruebas de resistencia basales para todos los 
iniciadores de TAR, porque: 
o  Más barato que DTG en el caso de México;  
o  Existe capacidad de laboratorio (aunque limitada); 
o  Médicos entrenados en interpretación de pruebas de resistencia al realizarse 

normalmente genotipos para manejo de falla al tratamiento.  

•  Opción alternativa: Cambio a DTG en todas las personas que inician TAR: 
o  DTG es actualmente inasequible (USD 2200/persona/año);  
o  Inclusión en cuadro básico y negociaciones de precios urgentes;  
o  Considerar otros INI: elvitegravir (precio similar a Atripla) y cambiar a DTG si 

las negociaciones de precio lo permiten.  

Consideraciones del CENSIDA en México 



CENTRO DE INVESTIGACIÓN EN ENFERMEDADES INFECCIOSAS 

•  En un país grande y complejo como México, 
una posible estrategia podría ser diversificar la 
respuesta basada en prevalencia regional de 
la farmacorresistencia del VIH  

–  Repetir el estudio de resistenci pre-TAR con 
poder para detectar diferencias intra-nacionales 
en prevalencia de resistencia pre-TAR del VIH. 

–  Usar los resultados para planear una estrategia 
nacional, e.g. 

•  Implementar pruebas de resistencia basales 
en regiones con más alta prevalencia de 
resistencia pre-TAR; fortalecer capacidad de 
laboratorio. 

•  Priorizar uso de regímenes basados en DTG 
en regiones o subpoblaciones con más alto 
nivel de resistencia pre-TAR. 

•  Reforzar monitoreo de CV en regiones con 
alto nivel de resistencia pre-TAR.  

Estudio de vigilancia de resistencia pre-TAR 
en ocho regiones de México 

Consideraciones del CENSIDA en México 
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2012-2016 

García-Morales, et al., J Antimicrob Chemother 2017 

Seguimiento al estudio de resistencia pre-TAR de VIH nacional 

Resistance is defined by the Stanford HIVdb algorithm (version 8.3); sequences 
with predicted low-, intermediate- or high-level resistence are considered as 
resistant. For drug class resistance definition EFV/NVP, ATV/DRV/LPV, and any 
NRTI were considered. 
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•  Cambio a regímenes basados en DTG 
–  Alto costo de los fármacos (DTG: USD 2200/persona/

año) combinado con un número creciente de personas 
que necesitan TAR con crecimiento limitado de recursos  

–  Burocracia y barreras administrativas que restringen 
disponibilidad de fármacos 

–  Negociaciones de precios obstaculizadas por leyes 
nacionales y tratados internacionales 

–  Intereses de funcionarios y de compañías farmacéuticas 

Retos potenciales para la acción 

•  Genotipificación basal 
–  Capacidad de laboratorio y recursos humanos 
–  Entrenamiento para médicos en la interpretación de resultados de pruebas de resistencia 
–  Tiempo para entrega de resultados 
–  Reducir costos de las pruebas: ¿Secuenciación de siguiente generación? 

•  Usar modelos para toma de decisiones 
–  Preferible, pero área especializada y poca gente disponible y capaz 
–  Largos tiempos para generar modelos 
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•  Resistencia pre-TAR a NNRTI cercana a 10% observada en varios países de ingresos 
medios/bajos.  

•  Los países deben actuar frente a niveles altos de resistencia pre-TAR de VIH si 
aspiran a cumplir las metas globales de control de la epidemia.  

•  Necesidad de implementar vigilancia de resistencia de VIH en países donde no hay 
información disponible 

–  Importancia de experiencias de otros países 

•  Responder a la farmacorresistencia del VIH puede ser dependiente de los recursos y 
escenarios específicos de cada país 

–  Uso de DTG en todos los iniciadores de TAR dependiente de negociaciones de 
costos de fármacos y licencias 

–  Genotipos basales de VIH en todos los iniciadores de TAR puede ser una 
alternativa para países con capacidad de laboratorio donde DTG sea inasequible 

–  Soluciones alternativas como priorizar respuestas basadas en estudios de 
vigilancia sub-nacionales podrían considerarse para países grandes/complejos 

Conclusiones 



CENTRO DE INVESTIGACIÓN EN ENFERMEDADES INFECCIOSAS 

Gustavo Reyes-Terán 
Claudia García 
Daniela Tapia 
Marissa Pérez 

Margarita Matías 
 

Sanny Northbrook 
Sandra Juarez 

 

Amalia Girón 
Ricardo Mendizabal 

Giovanni Ravasi 
 

Silvia Bertagnolio 
Neil Parkin 

Michael Jordan 
Hiwot Haile-Selassie 

 

Carlos Magis 
Marisol Valenzuela 

Eddie León 

Agradecimientos 

Grupo Epidemiología Molecular 
del VIH en México 

 

Financiamiento 
Gobierno Mexicano 

(Comisión de Equidad y Género, 
Cámara de Diputados)  

CONACyT (SALUD-2013-1-202475) 
 

Andrea González 
Florentino Badial 

Verónica Ruiz 
Alicia Piñeirúa 

 


