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Background: HIV pretreatment drug resistance (PDR) to NNRTIs in persons initiating ART is increasing in Mexico.

Objectives: To compare HIV PDR in eight sub-regions of Mexico.

Patients and methods: A large PDR survey was implemented in Mexico (September 2017–March 2018) across
eight sub-regions. All larger clinics (which provide ART to 90% of all initiators) were included, allocating sample
size using the probability-proportional-to-size method. Both antiretroviral-naive and prior antiretroviral-exposed
persons were included. HIV PDR levels were estimated from pol Sanger sequences obtained at a WHO-
designated laboratory.

Results: A total of 2006 participants were enrolled from 74 clinics. PDR to NNRTIs was higher than to other
drug classes (P , 0.0001), crossing the 10% threshold in the North-East, East, South-West and South-East.
NNRTI PDR was higher in the South-West (P"0.02), coinciding with the highest proportion of restarters in
this sub-region (14%). We observed higher PDR prevalence to any drug in women compared with men
(16.5% versus 12.2%, P"0.04). After multivariable adjustment, higher NNRTI PDR remained significantly
associated with previous antiretroviral exposure in the Centre-North, North-West, South-West and South-
East [adjusted OR (aOR): 21, 5, 8 and 25, respectively; P , 0.05]. Genetic network analyses showed high
assortativity by sub-region (P , 0.0001), with evidence of drug resistance mutation transmission within
local clusters.

Conclusions: Diversification of the public health response to HIV drug resistance based on sub-regional charac-
teristics could be considered in Mexico. Higher NNRTI PDR levels were associated with poorer regions, suggesting
opportunities to strengthen local HIV programmes. Price and licensing negotiations of drug regimens containing
integrase inhibitors are warranted.

Introduction

HIV-1 pretreatment drug resistance (PDR) to NNRTIs is increasing
at a considerable rate in low and middle income countries
(LMICs).1,2 Several LMICs that have implemented nationally repre-
sentative surveys report NNRTI PDR levels .10%,2 which is worri-
some given that PDR may compromise HIV control in persons
initiating or re-initiating ART regimens containing NNRTIs.2–5 The

rise of NNRTI PDR is a real threat to the UNAIDS 90–90–90 targets,
particularly in regards to the ‘third 90’ referring to viral load sup-
pression among individuals on ART.6 Modelling for South Africa
suggests that with PDR levels .10% and no action taken, resistant
virus alone could result in 890 000 deaths due to AIDS and 450 000
new infections from 2016 to 2030.7 Thus, WHO has implemented
an aggressive global plan with a 5 year framework to face and
tackle the problem of HIV drug resistance, which strongly
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recommends a switch to first-line ART regimens that do not in-
clude NNRTIs when national NNRTI PDR levels reach 10%.8

Modelling has identified the switch to generic, low-cost dolutegra-
vir-based first-line regimens as the most cost-effective option in
the Sub-Saharan Africa setting,9 with some LMIC already transi-
tioning to first-line regimens containing this drug.10

Mexico has initiated a response to the WHO call to act upon the
problem of rising HIV drug resistance.10,11 A nationally representa-
tive survey to assess the PDR level was implemented in 2015, find-
ing an overall PDR prevalence of 13.5%, with 9.2% resistance to
efavirenz/nevirapine.2,3 Moreover, we recently identified significant
increasing temporal trends of NNRTI drug resistance in ART-naive
individuals since 2008 in three geographical regions of Mexico.12

The Mexican HIV Programme has analysed different policy options
to respond to the rising NNRTI HIV drug resistance levels observed.
Although complicated by patent laws and international treaties,13

price negotiations are taking place to prepare a switch to first-line
integrase strand transfer inhibitor (INSTI)-based regimens, as na-
tional ART guidelines still recommend efavirenz-containing regi-
mens as the preferred option.14 In addition, research-funded
baseline genotyping is being performed for all ART starters in a few
large and key clinics, although the volume of annual initiators has
not allowed the implementation of baseline HIV sequencing at na-
tional level.15 As Mexico is a large and complex country, with state
programmes varying widely in size and quality,16 the National HIV
Programme, in collaboration with a WHO-accredited reference la-
boratory in Mexico City, implemented a new PDR survey to assess
PDR levels across eight sub-regions of the country to better adapt a
programmatic response. We present results of this 2017–18 repre-
sentative survey assessing the PDR level in persons starting or
restarting first-line ART in eight regions of Mexico, following a
WHO-recommended survey design.

Materials and methods

Study population

We designed PDR surveys for eight sub-regions within Mexico according to
the WHO concept note on surveillance of HIV drug resistance in adults ini-
tiating ART.17 The Mexican sub-regions were previously defined by the
National Institute of Statistics, Geography and Informatics, using a combin-
ation of natural, socio-economic and cultural factors, grouping states with
similar characteristics (Figure S1, available as Supplementary data at JAC
Online).18 All larger Ministry of Health clinics (which provide ART to 90% of
all initiators within the Ministry of Health clinics) were included (74 in total,
excluding one clinic in the state of Veracruz that did not respond to the en-
rolment call), allocating sample size per clinic according to the probability-
proportional-to-size method, using the WHO PDR sample size calculator.19

Only Ministry of Health clinics were considered for this study, and social se-
curity clinics were not included. Ministry of Health clinics provide ART for
70% of all ART initiators in the country.20 We aimed for 5% precision in the
HIV drug resistance outcome, with a 10% predicted NNRTI PDR level, 90%
genotyping success rate, a 7%–17% predicted prevalence of restarters and
80%–90% of people initiating NNRTI-based regimens, depending on the
sub-region. Sample size calculations were based on the number of ART ini-
tiators and re-initiators recorded in the national HIV database (SALVAR) in
2016.

Enrolment took place from September 2017 to March 2018. All con-
secutive adults (age�18 years) arriving at the sampled clinics about to initi-
ate first-line ART were invited to participate. Both ART-naive persons and
persons with prior antiretroviral exposure, restarting first-line ART were
included.

Ethics
The study was approved by the Ethics Review Board of the National
Institute of Respiratory Diseases (project code: E08-17), the institution
accommodating the WHO-designated laboratory where HIV genotyping
took place. After written informed consent, participants donated a single
blood sample for HIV sequencing, and HIV viral load and CD4 T cell count
assessment. Demographic data were collected through a questionnaire
applied by a counsellor or technician at the time of blood sample donation.

HIV sequencing and drug resistance assessment
The HIV drug resistance assessment was performed at a WHO-designated
laboratory in Mexico City, according to the WHO/HIV ResNet Laboratory
Operational Framework.21 Briefly, HIV RNA was extracted from 1 mL of
plasma (QIAamp Viral RNA Kit; QIAGEN, Valencia, CA, USA). HIV protease
(PR), RT and integrase (IN) were amplified using previously described in-
house-validated protocols (HXB2 nucleotides 16–297, 1–753, 1–864 for PR,
RT and IN respectively).12,22 Sequences were obtained using the BigDye 3.1
chemistry on a 3730xl Genetic Analyser (ThermoFisher, Waltham, MA, USA)
and assembled using the online automated base calling program Web
ReCall (British Columbia Centre for Excellence in HIV/AIDS, BCCfE).23,24 HIV
drug resistance was assessed using the Stanford HIVdb tool v8.6.1.25,26

Post-testing quality assurance of HIV drug resistance genotyping was car-
ried out using the WHO BCCfE HIV drug resistance quality control tool for
each sequencing batch and for each sub-regional survey at the end of en-
rolment.27 All sequence pairs with genetic distance ,0.5% were repeated
and confirmed. Sequences with PDR were defined as those with a Stanford
score of�15 to the following antiretroviral drugs: nevirapine, efavirenz, any
NRTI, darunavir/ritonavir, lopinavir/ritonavir, atazanavir/ritonavir, raltegra-
vir, elvitegravir, dolutegravir or bictegravir.17

Network analyses
Genetic network inference was performed using HIV-TRACE (HIV-
TRAnsmission Cluster Engine, UCSD),28 as previously described.29–37 Briefly,
HIV PR-RT and IN sequences were concatenated and aligned to HXB2 refer-
ence. Codons associated with major drug resistance mutations (as defined
by the Stanford HIV Drug Resistance Database) were removed, and pairwise
Tamura Nei 93 (TN93) genetic distances were estimated between all
sequences. Putative transmission linkage was inferred when genetic dis-
tance between two sequences was ,1.5%. This threshold was selected
based on previous work showing that within a mono-infected person, sub-
type B pol sequences typically do not diverge .1% over a decade.38 Shared
drug resistance mutations (considering all mutations included in the
Stanford HIV Drug Resistance Database) were defined when genetically
linked sequences (i.e. genetic distance ,1.5%) harboured the same muta-
tion. Newman’s assortativity coefficients (i.e. tendency for nodes that share
the same attribute to be linked) were measured as previously described,29

and their significance was assessed using the R package igraph.39,40

Statistical analysis
Statistical analyses were performed in GraphPad Prism 7 (San Diego, CA,
USA) and STATA 15.0 (College Station, TX, USA). Comparisons among sub-
regions were performed using Fisher’s exact or v2 tests for categorical varia-
bles and Student’s t, Kruskal–Wallis or Mann–Whitney tests for continuous
numerical variables, using the Centre-South sub-region as a reference.
A multivariable logistic regression model to explore associations between
overall, NNRTI, NRTI, efavirenz and efavirenz! tenofovir! emtricitabine
PDR with demographic and clinical variables was applied to each sub-
region. The variables included in the model were age, sex, log plasma viral
load, CD4 count, HIV transmission risk factor, marital status, level of educa-
tion, employment and presence of AIDS-associated clinical symptoms.
Results were reported as adjusted OR (aOR) with 95% CI.
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Results

Demographic and clinical characteristics of participants

From a total of 2445 individuals enrolled in 74 clinics, 2006 partici-
pants were included in the survey (excluding 32 because of PR-RT
genotyping failure, 31 because of IN genotyping failure, 15 dupli-
cates and 361 successful sequences exceeding the sampling goal)
(Figure S2). The goal number of participants was achieved in the
Centre-South, North-West, West, South-West and South-East, and
reached 84%, 93% and 89% in the Centre-North, North-East and
East, respectively (Figure S2). The majority of participants were
young males, mainly MSM, with low to medium education level; al-
though differences were observed between regions (Table 1). It
was particularly interesting that the North-West, including the bor-
der city of Tijuana; the South-West, including Guerrero, Oaxaca
and Chiapas, the poorest states in the country; and the East,
including Veracruz and Puebla, with high rates of HIV infection,
showed a higher proportion of females (21%, 22% and 19% re-
spectively) and lower education (persons with degree: 21%, 27%
and 20%). The South-East, including Tabasco, showed lower edu-
cation (persons with degree: 22%) and higher unemployment
rates (41%). As expected, the North-West included the highest
proportion of persons who inject drugs (9%). The East showed the
lowest median CD4 count (197 cells/mm3) (Table 1). In summary,
these observations suggest significant sub-regional differences in
the HIV epidemic that affect patterns of transmission, including
HIV-resistant strains, which justify a sub-regional surveillance
approach.

PDR levels in eight sub-regions of Mexico

PDR to NNRTIs in all ART initiators was higher than to the other
drug classes in all eight sub-regions (P , 0.0001), crossing the 10%
threshold in the North-East, East, South-West and South-East
(Figure 1a and Table 2). PDR to all other drug classes remained
,5% in all sub-regions, being particularly low (�1%) to INSTIs
(Figure 1a). In relation to the currently preferred first-line option
(efavirenz! tenofovir! emtricitabine), PDR to efavirenz in all ART
initiators ranged from 7.5% in the Centre-South and West to
12.7% in the South-West; while PDR to emtricitabine and tenofovir
remained low in all regions (,3% and 1.5% respectively)
(Figure 1b). No PDR to dolutegravir/bictegravir was observed.

As expected, the PDR level (mainly to NNRTIs and NRTIs) was
significantly higher in re-initiators compared with ART-naive indi-
viduals in most of the regions, even with wide CIs due to small
numbers of re-initiators in each sub-region (Table 2 and Figure S3).
Considering all sub-regions together, ART-exposed individuals
showed PDR levels to any antiretroviral three times higher than
ART-naive persons: 35.4% (95% CI: 28.4%–43.2%) versus 11.4%
(95% CI: 10.0%–12.9%), P , 0.0001 (Table S1). The NNRTI PDR
reached 44% in the South-West, and NRTI PDR reached 36% in the
South-East in re-initiators (Figure S3a and b). No differences in PI or
INSTI PDR were observed in re-initiators between sub-regions
(Figure S3c and d). On the other hand, no differences were
observed in the sub-regional PDR level to NNRTIs (ranging from
7.1% to 10.1%; 8.6% overall), or any other drug class, when consid-
ering only ART-naive individuals, except for a slightly higher NRTI
PDR prevalence in the Centre-South compared with the Centre-
North (3.9% versus 0.6%, P"0.03) (Table 2).

Considering all ART initiators, we observed a higher level of
NNRTI PDR in the South-West, including the three poorest states of
Mexico, compared with the Centre-South (P"0.02) (Figure S4a).
The proportion of persons re-initiating ART varied significantly by
region (from 3% to 14%) (Figure S4b). Although, overall, the pro-
portion of re-initiators did not correlate with the NNRTI PDR level by
region (r"0.3, P"0.5), the higher prevalence of NNRTI PDR in the
South-West coincided with the highest proportion of re-initiators in
this sub-region (Figure S4).

We observed a higher prevalence of PDR to any drug in all
women included in the study compared with men (16.8% versus
12.6%, P"0.05), which was particularly marked in the South-West
(P"0.03) (Table S1, Table 2 and Figure S5). The PDR to the current-
ly preferred first-line option (efavirenz! tenofovir! emtricitabine)
was also higher in women than in men (13.7% versus 9.5%,
P"0.03) (Table S1). Interestingly, compared with 15% of all ART-
naive persons being female, the proportion of re-initiators that
were female reached 35% (P , 0.0001) (ranging from 17% to 58%
in the sub-regions); and similarly, the overall proportion of re-
initiators among females was 17% (ranging from 7% to 25% in the
sub-regions), contrasting with 6% in males (P , 0.0001). Among all
males, MSM showed lower NNRTI PDR than heterosexual men
(7.9% versus 12.1%; OR: 0.64, 95% CI 0.46–0.89, P , 0.008).

The most common surveillance drug resistance mutation was
K103N, ranging in frequency in all ART initiators from 4.4% in the
Centre-South to 9.7% in the South-West (Figure 2). Sixty-three per
cent (128 of 203) of NNRTI PDR cases were associated with K103N.
The prevalence of K103N was significantly higher in the South-
West compared with the Centre-South (P"0.02), coinciding with a
trend toward higher efavirenz PDR in this region (P"0.06) (Figure
S6a and b). Additionally, re-initiators in the Centre-North, North-
West and South-West showed significantly higher K103N preva-
lence than ART-naive persons (P , 0.01 in all cases) (Figure S6c).
Considering other surveillance NNRTI mutations, only K101EP and
V108I were found in all sub-regions (frequency �2%). Among
NRTI surveillance resistance mutations, M184V was observed in all
sub-regions and ranged in frequency from 0.4% in the North-West
and West to 1.7% in the South-West. K65R was only observed in
the North-East (0.4%) and South-West (1.3%) (Figure 2).

Taken together, our observations confirm NNRTI PDR levels
reaching the 10% threshold in Mexico, and suggest sub-regional
differences in HIV PDR, possibly associated with poverty, risk of HIV
transmission and characteristics of local HIV programmes result-
ing in varying quality of viral load follow-up, retention in care and
viral suppression, which may be associated with HIV drug
resistance.

Associations between PDR level and demographic/
clinical variables

Considering all participants, persons with PDR to any drug included
a higher proportion of females (20.7% versus 15.7%; P"0.04), a
higher proportion of restarters (21.1% versus 5.9%; P , 0.0001)
and a lower proportion of MSM (42.9% versus 52.0%; P"0.01)
(Table S2). Using a multivariable logistic regression model including
all demographic and clinical variables (see Materials and meth-
ods), the higher NNRTI PDR remained significantly associated with
previous antiretroviral exposure in the Centre-North, North-West,
South-West and South-East (aOR: 21, 5, 8 and 25 respectively;
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P , 0.05) (Figure 3; Tables S3–S10). The higher NNRTI PDR was
associated with higher education in the North-West (postgraduate
level aOR: 93, P"0.01) and East (degree level aOR: 6; P"0.04),
with unemployment in the North-West (aOR: 13; P"0.005) and
being a student in the West (aOR: 6; P"0.014). Lower NNRTI PDR
was associated with MSM in the North-East (aOR: 0.2; P"0.02)
(Tables S3–S10). PDR to the preferred antiretroviral regimen,

efavirenz! tenofovir! emtricitabine, was also significantly associ-
ated with previous antiretroviral exposure in the Centre-North,
North-West, West, South-West and South-East (aOR: 27, 7, 5, 10
and 20 respectively; P , 0.01) (Figure 3; Tables S3–S10).
Considering all participants together, only previous exposure to
antiretrovirals remained significantly associated to higher PDR to
any drug, NNRTI, NRTI, efavirenz! tenofovir! emtricitabine or

Table 1. Summary of sociodemographic and clinical characteristics at genotyping by sub-region

Demographic/clinical
variable Centre-South Centre-North North-West North-East West East South-West South-East

Number of individuals 294 190 269 239 280 244 236 254

Median age, years (IQR) 28 (24–35) 31 (25–39)* 32 (26–40)**** 29 (24–36) 31 (26–40)*** 30 (24–39) 30 (24–37) 27 (24–36)

Proportion of females,

n (%)

24 (8.2) 27 (14.2)* 58 (21.6)**** 38 (15.9)** 42 (15.0)* 47 (19.3)*** 51 (21.6)**** 41 (16.1)**

Median viral load, log

copies/mL (IQR)

5.0 (4.4–5.4) 4.9 (4.4–5.4) 4.7 (4.1–5.4)* 4.8 (4.2–5.4) 5.0 (4.4–5.5) 5.0 (4.4–5.6) 4.8 (4.3–5.4) 4.9 (4.4–5.4)

Median CD4! T counts,

cells/mm3 (IQR)

258 (104–406) 257 (63–467) 268 (96–470) 241 (97–456) 212 (66–412) 176 (59–330)** 210 (91–345) 235 (87–420)

Median % CD4! T counts,

% (IQR)

13 (7–20) 15 (7.7–22) 17 (8.5–26)*** 14 (8–24) 15 (7–22) 12 (5–18) 13 (7.2–19) 14 (7–19)

Prior antiretroviral

exposure, n (%)

9 (3.1) 12 (6.3) 30 (11.2)*** 12 (5.0) 26 (9.3)** 23 (9.4)** 32 (13.6)**** 14 (5.5)

Marital status, n (%)

Single 245 (83.3) 145 (76.3) 179 (66.5)**** 173 (72.4)** 213 (76.1)* 161 (66.0)**** 168 (71.2)** 187 (73.6)**

Married 11 (3.7) 14 (7.4) 26 (9.7)** 11 (4.6) 25 (8.9)* 15 (6.1) 23 (9.7)** 25 (9.8)**

domestic partnership 31 (10.5) 23 (12.1) 34 (12.6) 52 (21.8)*** 36 (12.9) 46 (18.9)** 40 (16.9)* 38 (15.0)

unknown 7 (2.4) 8 (4.2) 30 (11.2)**** 3 (1.3) 6 (2.1) 22 (9.0)*** 5 (2.1) 4 (1.6)

Education, n (%)

elementary 19 (6.5) 25 (13.2)* 38 (14.1)** 28 (11.7)* 51 (18.2)**** 49 (20.1)**** 58 (24.6)**** 36 (14.2)**

high school 139 (47.3) 91 (47.9) 137 (50.9) 132 (55.2) 123 (43.9) 122 (50.0) 104 (44.1) 153 (60.2)**

degree/technician 128 (43.5) 57 (30.0)** 57 (21.2)**** 72 (30.1)** 90 (32.1)** 48 (19.7)**** 63 (26.7)**** 57 (22.4)****

postgraduate 5 (1.7) 8 (4.2)* 3 (1.1)** 2 (0.8)** 6 (2.1)* 1 (0.4) 1 (0.4)*** 0 (0.0)**

none 0 (0.0) 4 (2.1)* 4 (1.5) 4 (1.7)* 3 (1.1) 7 (2.9)** 8 (3.4)** 2 (0.8)

unknown 3 (1.0) 5 (2.6) 30 (11.2)**** 1 (0.4) 7 (2.5) 17 (7.0)*** 2 (0.8) 6 (2.4)

Employment, n (%)

employed 163 (55.4) 102 (53.7) 104 (38.7)**** 130 (54.4) 147 (52.5) 104 (42.6)** 126 (53.4) 122 (48.0)

unemployed 78 (26.5) 65 (34.5) 109 (40.5)*** 91 (38.1)** 98 (35.0)* 82 (33.6) 89 (37.7)** 105 (41.3)***

student 45 (15.3) 16 (8.4) 19 (7.1) 16 (6.7) 26 (9.3) 34 (13.9) 14 (5.9) 20 (7.9)

unknown 8 (2.7) 7 (3.7) 37 (13.8)**** 2 (0.8) 9 (3.2) 24 (9.8)*** 7 (3.0) 7 (2.8)

HIV transmission risk factor, n (%)

heterosexual 63 (21.4) 59 (31.1)* 86 (32.0)** 62 (25.9) 92 (32.9)** 88 (36.1)*** 108 (45.8)**** 85 (33.5)**

MSM 157 (53.4) 113 (59.5) 111 (41.3)** 129 (54.0) 146 (52.1) 115 (47.1) 110 (46.6) 138 (54.3)

bisexual 10 (3.4) 8 (4.2) 8 (3.0) 27 (11.3)*** 21 (7.5)* 17 (7.0) 13 (5.5) 13 (5.1)

PWID 5 (1.7) 4 (2.1) 23 (8.6)*** 4 (1.7) 10 (3.6) 2 (0.8) 0 (0.0) 5 (2.0)

unknown 59 (20.1) 6 (3.2)**** 41 (15.2) 17 (7.1)**** 11 (3.9)**** 22 (9.0)*** 5 (2.1)**** 13 (5.1)****

Clinical symptoms, n (%)

asymptomatic 138 (46.9) 63 (33.2)** 42 (15.6)**** 96 (40.2) 110 (39.3) 88 (36.1)* 96 (40.7) 77 (30.3)****

symptomatic non-AIDS 37 (12.6) 19 (10.0) 14 (5.2)** 45 (18.8) 33 (11.8) 32 (13.1) 36 (15.3) 14 (5.5)**

symptomatic AIDS 49 (16.7) 105 (55.3)**** 171 (63.6)**** 75 (31.4)**** 119 (42.5)**** 78 (32.0)**** 78 (33.1)**** 141 (55.5)****

unknown 70 (23.8) 3 (1.6)**** 42 (15.6)* 23 (9.6)**** 18 (6.4)**** 46 (18.9) 26 (11.0)*** 22 (8.7)****

Subtype, n (%)

B 292 (99.3) 185 (97.4) 269 (100.0) 238 (99.6) 274 (97.9) 242 (99.2) 232 (98.3) 251 (98.8)

non-B 2 (0.7) 5 (2.6) 0 (0.0) 1 (0.4) 6 (2.1) 2 (0.8) 4 (1.7) 3 (1.2)

Centre-South was used as a reference for comparisons.
*P , 0.05, **P , 0.01, ***P , 0.001, ****P , 0.0001 by Fisher exact or Mann–Whitney test. PWID, people who inject drugs.
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efavirenz alone (aOR: 5, 4, 9, 5 and 5, respectively; P , 0.0001 in all
cases), while using injectable drugs was associated with higher
NNRTI PDR (aOR: 2, P"0.03) (Table S11).

These observations confirm the higher risk of re-initiators for
HIV drug resistance and suggest specific sub-regional scenarios
associated with the demographic and behavioural characteristics
of the local population.

HIV drug resistance transmission network

A total of 486 (24.2%) sequences were linked forming transmission
clusters ranging in size from 2 to 13 individuals (167 dyads, 44 clus-
ters with 3 or more individuals) (Figure 4a and b). Forty-five individ-
uals in 21 clusters (17 dyads, 4 clusters of three individuals) shared
drug resistance mutations, mostly to NNRTIs (19 of 21 clusters)
(Figure 4c). The most frequently putatively transmitted mutations
were K103N (15 individuals in 7 clusters) and V179D/E (17 individu-
als in 8 clusters). Individuals in clusters were significantly younger
(31 versus 33 years, P"0.0003), arrived earlier to clinical care (CD4
count 302 versus 274 cells/mm3, P"0.02), included a higher pro-
portion of students (20.4% versus 13.2%; P , 0.0001), a lower pro-
portion of restarters (2.5% versus 9.6%, P , 0.0001) and had a

lower PDR to any drug (9.9% versus 14.3%, P"0.01), NRTIs (1.2%
versus 3.8%, P"0.004) or NNRTIs (7.6% versus 10.9%, P"0.04).
No significant differences were observed in the proportion of clus-
tering sequences by sub-region (range 20.0%–28.4%; P"0.2), nor
in the proportion of clustering sequences sharing drug resistance
mutations by sub-region (range 0.8%–3.4%; P"0.4) (Figure S7). Of
note, even when clustering individuals showed a lower proportion
of restarters than non-clustering individuals, within clustering indi-
viduals, no difference was observed in the proportion of restarters
among individuals sharing and not sharing drug resistance muta-
tions (4.4% versus 2.3%, P"0.3).

Interestingly, the genetic network showed high assortativity
by location (sub-region and city, P , 0.0001) and risk factor for
HIV transmission (P"0.02). Nevertheless, no assortativity was
observed by gender (P"0.4) or age (P"0.2) (Figure S8).
Geospatial simulation showed that genetically linked individuals
resided in significantly closer proximity (P , 0.001) compared with
a random distribution (median distance considering city mid-
points: 0 km versus 838 km), with 226 of a total of 329 links (69%)
inferred between sequences from the same city.

Taken together, these analyses confirm high compartmental-
ization of the epidemic in Mexico by geographic location and risk of
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Figure 1. HIV PDR in eight sub-regions of Mexico. (a) PDR prevalence by drug class. (b) PDR prevalence by antiretroviral drug. Only relevant drugs in
the Mexican setting are shown. No PDR to dolutegravir was observed in any of the sub-regions. *P , 0.05 Fisher’s exact test. EFV, efavirenz; NVP, nevir-
apine; ZDV, zidovudine; XTC, lamivudine/emtricitabine; ABC, abacavir; TDR, tenofovir; ATV/r, boosted atazanavir; LPV/r, boosted lopinavir; DRV/r,
boosted darunavir; RAL, raltegravir; EVG, elvitegravir. This figure appears in colour in the online version of JAC and in black and white in the printed ver-
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Table 2. PDR levels in persons starting or restarting first-line ART in eight regions of Mexico

HIV drug resistance, % (95% CI)

Any ARV NRTI NNRTI TDF!FTC!EFV EFV

Centre-South

All ART initiators (N"294) 12.2 (9.0–16.5) 3.7 (2.1–6.6) 7.8 (5.2–11.5) 9.2 (6.4–13.1) 7.5 (5.0–11.1)

women (N"24) 16.7 (6.3–37.5) 4.2 (0.6–25.3) 12.5 (4.0–33.1) 12.5 (4.0–33.1) 8.3 (2.0–2.9)

men (N"270) 11.9 (8.5–16.3) 3.7 (2.0–6.8) 7.4 (4.8–11.2) 8.9 (6.0–12.9) 7.4 (4.8–11.2)

ART-naive (N"285) 11.9 (8.6–16.2) 3.9 (2.1–6.8) 7.7 (5.1–11.5) 9.1 (6.3–13.1) 7.4 (4.8–11.0)

women (N"22) 13.6 (4.3–35.5) 4.5 (0.6–27.1) 9.1 (2.2–30.7) 9.1 (2.2–30.7) 4.5 (0.1–27.1)

men (N"263) 11.8 (8.4–16.3) 3.8 (2.1–6.9) 7.6 (5.0–11.5) 9.1 (6.2–13.3) 7.6 (5.0–11.5)

ART-exposed (N"9) 22.2 (5.1–60.2) 0 11.1 (1.3–53.6) 11.1 (1.3–53.6) 11.1 (1.3–53.6)

women (N"2) 50.0 (1.9–98.1) 0 50.0 (1.9–98.1) 50.0 (1.9–98.1) 50.0 (1.9–98.1)

men (N"7) 14.3 (1.7–62.2) 0 0 0 0

Centre-North

All ART initiators (N"190) 10.5 (6.9–15.8) 1.1 (0.3–4.1) 9.5 (6.0–14.6) 8.4 (5.2–13.3) 8.4 (5.2–13.3)

women (N"27) 7.4 (1.8–25.8) 0 7.4 (1.8–25.9) 7.4 (1.8–25.9) 7.4 (1.8–25.9)

men (N"163) 11.0 (7.1–16.9) 1.2 (0.3–4.8) 9.8 (6.1–15.4) 8.6 (5.1–14.0) 8.6 (5.1–14.0)

ART-naive (N"178) 8.4 (5.1–13.5) 0.6 (0.1–3.9) 7.9 (4.7–12.9) 6.7 (3.9–11.5) 6.7 (3.9–11.5)

women (N"25) 8.0 (1.9–27.6) 0 8.0 (1.9–27.6) 8.0 (1.9–27.6) 8.0 (1.9–27.6)

men (N"153) 8.5 (5.0–14.1) 0.7 (0.1–4.5) 7.8 (4.5–13.3) 6.5 (3.5–11.7) 6.5 (3.5–11.7)

ART-exposed (N"12) 41.7 (17.7–70.3) 8.3 (1.0–44.0) 33.3 (12.4–63.9) 33.33 (12.4–63.9) 33.3 (12.4–63.9)

women (N"2) 0 0 0 0 0

men (N"10) 50.0 (21.1–78.9) 10.0 (1.2–49.9) 40.0 (14.8–71.9) 40.0 (14.8–71.9) 40.0 (14.8–71.9)

North-West

All ART initiators (N"269) 13.0 (9.5–17.6) 4.5 (2.5–7.7) 9.3 (6.4–13.4) 10.0 (7.0–14.3) 8.6 (5.7–12.5)

women (N"58) 17.2 (9.5–29.3) 6.9 (2.6–17.2) 15.5 (8.2–27.4) 17.2 (9.5–29.3) 15.5 (8.2–27.4)

men (N"211) 11.8 (8.1–17.0) 3.8 (1.9–7.4) 7.6 (4.7–12.0) 8.1 (5.1–12.6) 6.6 (4.0–10.9)

ART-naive (N"239) 10.0 (6.8–14.6) 2.9 (1.4–6.0) 7.1 (4.5–11.2) 7.1 (4.5–11.1) 6.3 (3.8–10.2)

women (N"49) 14.3 (6.9–27.2) 6.1 (2.0–17.5) 12.2 (5.6–24.9) 14.3 (6.9–27.2) 12.2 (5.6–24.9)

men (N"190) 8.9 (5.6–13.9) 2.1 (0.8–5.5) 5.8 (3.2–10.2) 5.3 (2.8–9.5) 4.7 (2.5–8.9)

ART-exposed (N"30) 36.7 (21.4–55.2) 16.7 (7.0–34.9) 26.7 (13.7–45.5) 33.3 (18.7–52.1) 26.7 (13.7–45.5)

women (N"9) 33.3 (10.3–68.5) 11.1 (1.3–53.6) 33.3 (10.2–68.7) 33.3 (10.2–68.7) 33.3 (10.2–68.7)

men (N"21) 38.1 (20.0–60.3) 19.0 (7.1–42.0) 23.8 (10.0–46.8) 33.3 (16.4–56.1) 23.8 (10.0–46.8)

North-East

All ART initiators (N"239) 13.0 (9.3–17.9) 2.1 (0.9–4.9) 10.9 (7.5–15.5) 10.0 (6.8–14.6) 9.2 (6.1–13.6)

women (N"38) 15.8 (7.2–31.2) 2.6 (0.4–16.9) 13.2 (5.5–28.3) 15.8 (7.2–31.3) 13.2 (5.5–28.3)

men (N"201) 12.4 (8.5–17.8) 2.0 (0.7–5.2) 10.4 (6.9–15.5) 9.0 (5.7–13.8) 8.5 (5.3–13.2)

ART-naive (N"227) 11.9 (8.3–16.8) 1.3 (0.4–4.0) 10.1 (6.8–14.8) 8.8 (5.7–13.2) 8.4 (5.4–12.8)

women (N"31) 19.4 (8.8–37.3) 3.2 (0.4–20.2) 16.1 (6.8–33.7) 19.4 (8.8–37.3) 16.1 (6.8–33.7)

men (N"196) 10.7 (7.1–15.9) 1.0 (0.3–4.0) 9.2 (5.9–14.1) 7.1 (4.3–11.7) 7.1 (4.3–11.7)

ART-exposed (N"12) 33.3 (12.5–63.7) 16.7 (3.9–49.7) 25.0 (7.8–56.9) 33.3 (12.4–63.9) 25.0 (7.8–56.9)

women (N"7) 0 0 0 0 0

men (N"5) 80.0 (25.6–97.9) 40.0 (8.2–83.3) 60.0 (16.7–91.8) 80.0 (25.3–97.9) 60.0 (16.7–91.8)

West

All ART initiators (N"280) 13.6 (10.0–18.1) 3.2 (1.7–6.1) 8.6 (5.8–12.5) 9.6 (6.7–13.7) 7.5 (4.9–11.2)

women (N"42) 21.4 (11.4–36.5) 7.1 (2.3–20.2) 9.5 (3.6–23.1) 14.3 (6.5–28.6) 7.1 (2.3–20.2)

men (N"238) 12.2 (8.6–17.0) 2.5 (1.1–5.5) 8.4 (5.5–12.7) 8.8 (5.8–13.2) 7.6 (4.8–11.7)

ART-naive (N"254) 11.8 (8.4–16.4) 1.6 (0.6–4.1) 7.9 (5.1–11.9) 7.5 (4.8–11.4) 6.7 (4.2–10.5)

women (N"35) 14.3 (6.0–30.4) 0 8.6 (2.7–23.8) 5.7 (1.4–20.5) 5.7 (1.4–20.5)

men (N"219) 11.4 (7.8–16.4) 1.8 (0.7–4.8) 7.8 (4.9–12.1) 7.8 (4.9–12.1) 6.8 (4.2–11.1)

ART-exposed (N"26) 30.8 (16.0–51.0) 19.2 (8.0–39.3) 15.4 (5.7–35.2) 30.8 (15.9–51.1) 15.4 (5.7–35.2)

women (N"7) 57.1 (20.9–87.1) 42.9 (12.8–79.3) 14.3 (1.6–62.5) 57.1 (20.7–87.2) 14.3 (1.6–62.5)

men (N"19) 21.1 (7.9–45.3) 10.5 (2.5–34.9) 15.8 (5.0–40.2) 21.1 (7.8–45.5) 15.8 (5.0–40.2)

Continued
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HIV transmission, and demonstrate evidence of HIV drug resist-
ance mutation transmission within local clusters with a limited
role of re-initiators.

Participant follow-up after the survey

Follow-up information was obtained from the national HIV data-
base, SALVAR, 5 months after closing the survey (August 2018).
Registries for 1484 of the 2006 (74%) participants were found in

the database. All the registered participants had already started
ART, but information on the current regimen was only available for
609: 68% NNRTI-based, 20% INSTI-based, 11% PI-based and 1%
NRTI only. From the registered participants, 1146 (77%) had an
HIV viral load result at least 3 months after the date of enrolment,
with 83.6% and 69.2% under 200 and 40 copies/mL respectively
(Table S12). No differences in viral suppression by sub-region were
observed (P"0.2). Persons with NNRTI PDR were significantly less
suppressed compared with persons without NNRTI PDR (viral load

Table 2. Continued

HIV drug resistance, % (95% CI)

Any ARV NRTI NNRTI TDF!FTC!EFV EFV

East

All ART initiators (N"244) 13.9 (10.1–18.9) 2.5 (1.1–5.4) 11.1 (7.7–15.7) 10.2 (7.0–14.7) 9.4 (6.3–13.8)

women (N"47) 12.8 (5.8–25.8) 2.1 (0.3–14.0) 8.5 (3.2–20.8) 6.4 (2.0–18.3) 6.4 (2.0–18.3)

men (N"197) 14.2 (10.0–19.8) 2.5 (1.1–6.0) 11.7 (7.9–17.0) 11.2 (7.5–16.4) 10.2 (6.6–15.2)

ART-naive (N"221) 12.7 (8.9–17.8) 1.8 (0.7–4.7) 10.0 (6.6–14.7) 9.0 (5.9–13.6) 8.1 (5.2–12.6)

women (N"38) 13.2 (5.5–28.2) 2.6 (0.4–16.8) 7.9 (2.5–22.1) 5.3 (1.3–19.1) 5.3 (1.3–19.1)

men (N"183) 12.6 (8.5–18.2) 1.6 (0.5–5.0) 10.4 (6.7–15.7) 9.8 (6.3–15.1) 8.7 (5.4–13.8)

ART-exposed (N"23) 26.1 (12.0–47.8) 8.7 (2.1–29.8) 21.7 (9.1–43.5) 21.7 (9.1–43.5) 21.7 (9.1–43.5)

women (N"9) 11.1 (1.4–53.2) 0 11.1 (1.3–53.6) 11.1 (1.3–53.6) 11.1 (1.3–53.6)

men (N"14) 35.7 (15.1–63.4) 14.2 (3.4–44.4) 28.6 (10.6–57.4) 28.6 (10.6–57.4) 28.6 (10.6–57.4)

South-West

All ART initiators (N"236) 15.3 (11.2–20.4) 3.4 (1.7–6.6) 14.0 (10.1–19.0) 12.7 (9.0–17.6) 12.7 (9.0–17.6)

women (N"51) 25.5 (15.3–39.3) 5.9 (1.9–16.9) 21.6 (12.3–35.1) 19.6 (10.8–33.0) 19.6 (10.8–33.0)

men (N"185) 12.4 (8.4–18.0) 2.7 (1.1–6.3) 11.9 (7.9–17.4) 10.8 (7.1–16.2) 10.8 (7.1–16.2)

ART-naive (N"204) 10.8 (7.2–15.9) 1.5 (0.5–4.5) 9.3 (6.0–14.2) 7.8 (4.9–12.4) 7.8 (4-9–12.4)

women (N"38) 15.8 (7.2–31.2) 2.6 (0.4–16.8) 10.5 (4.0–25.2) 7.9 (2.5–22.1) 7.9 (2.5–22-1)

men (N"166) 9.6 (6.0–15.2) 1.2 (0.3–4.7) 9.0 (5.5–14.5) 7.8 (4.6–13.0) 7.8 (4.6–13.0)

ART-exposed (N"32) 43.8 (27.7–61.3) 15.6 (6.5–33.0) 43.8 (27.6–61.4) 43.8 (27.6–61.4) 43.8 (27.6–61.4)

women (N"13) 53.8 (27.3–78.4) 15.4 (3.6–46.9) 53.8 (27.1–78.5) 53.8 (27.1–78.5) 53.8 (27.1–78.5)

men (N"19) 36.8 (18.3–60.3) 15.8 (5.0–40.2) 36.8 (18.2–60.5) 36.8 (18.2–60.5) 36.8 (18.2–60.5)

South-East

All ART initiators (N"254) 14.2 (10.4–19.0) 4.3 (2.4–7.7) 10.6 (7.4–15.1) 11.4 (8.0–16.0) 10.2 (7.1–14.6)

women (N"41) 12.2 (5.1–26.4) 7.3 (2.3–20.7) 9.8 (3.7–23.6) 12.2 (5.1–26.4) 9.8 (3.7–23.6)

men (N"213) 14.6 (10.4–20.0) 3.8 (1.9–7.3) 10.8 (7.3–15.7) 11.3 (7.7–16.3) 10.3 (6.9–15.2)

ART-naive (N"240) 12.5 (8.9–17.3) 2.5 (1.1–5.5) 9.2 (6.1–13.5) 10.0 (6.8–14.5) 9.2 (6.1–13.5)

women (N"35) 5.7 (1.4–20.5) 0 5.7 (1.4–20.5) 5.7 (1.4–20.5) 5.7 (1.4–20.5)

men (N"205) 13.7 (9.6–19.1) 2.9 (1.3–6.4) 9.8 (6.4–14.7) 10.7 (7.2–15.8) 9.8 (6.4–14.7)

ART-exposed (N"14) 42.9 (20.0–69.2) 35.7 (15.0–63.5) 35.7 (15.0–63.5) 35.7 (15.0–63.5) 28.6 (10.6–57.4)

women (N"6) 50.0 (14.8–85.2) 50.0 (14.6–85.4) 33.3 (7.1–76.5) 50.0 (14.6–85.4) 33.3 (7.1–76.5)

men (N"8) 37.5 (11.5–73.5) 25.0 (5.6–65.1) 37.5 (11.4–73.7) 25.0 (56.1–65.1) 25.0 (5.6–65.1)

All sub-regions together

All ART initiators (N"2006) 13.3 (11.8–14.8) 3.2 (2.5–4.1) 10.1 (8.9–11.5) 10.2 (9.0–11.6) 9.1 (7.9–10.5)

women (N"328) 16.8 (13.1–21.2) 4.9 (3.0–7.8) 12.8 (9.6–16.9) 13.7 (10.4–17.9) 11.6 (8.5–15.5)

men (N"1678) 12.6 (11.1–14.3) 2.9 (2.2–3.8) 9.6 (8.3–11.1) 9.5 (8.2–11.0) 8.6 (7.4–10.1)

ART-naive (N"1848) 11.4 (10.0–12.9) 2.1 (1.5–2.9) 8.6 (7.4–10.0) 8.3 (7.2–9.7) 7.6 (6.5–8.9)

women (N"273) 13.2 (9.7–17.8) 2.6 (1.2–5.3) 9.9 (6.9–14.0) 9.5 (6.6–13.6) 8.4 (5.7–12.4)

men (N"1575) 11.0 (9.6–12.7) 2.0 (1.4–2.9) 8.4 (7.1–9.9) 8.1 (6.9–9.6) 7.4 (6.2–8.8)

ART-exposed (N"158) 35.4 (28.4–43.2) 15.8 (10.9–22.4) 27.8 (21.4–35.4) 32.3 (25.4–40.0) 27.2 (20.8–34.7)

women (N"55) 34.5 (23.1–48.1) 16.4 (8.7–28.7) 27.3 (17.1–40.6) 34.5 (23.1–48.1) 27.3 (17.1–40.6)

men (N"103) 35.9 (27.2–45.7) 15.5 (9.7–23.9) 28.2 (20.3–37.6) 31.1 (22.9–40.7) 27.2 (19.4–36.6)

TDF, tenofovir; FTC, emtricitabine; EFV, efavirenz; ARV, antiretroviral.
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Figure 2. Frequency of drug resistance mutations in eight sub-regions of Mexico. Mutations are divided by drug class: (a) NNRTIs, (b) NRTIs, (c) PIs,
(d) INSTIs. All mutations considered in the Stanford HIVdb program were analysed. Mutations not observed in any of the regions are not shown. Scale
for (a) is different from the rest. This figure appears in colour in the online version of JAC and in black and white in the printed version of JAC.
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,200 copies/mL: 75.4% versus 84.5%; P"0.01), were on NNRTI-
based regimens less frequently (32.0% versus 73.2%) and on
INSTI-based (41.3% versus 17.4%) or PI-based (24.0% versus
8.6%) regimens more frequently (all cases P , 0.0001).

Discussion

The present sub-national survey confirms previous observations of
our 2015 national survey, with NNRTI PDR level approaching the
10% threshold in Mexico, ranging between sub-regions from 7.1%
to 10.1% in ART-naive persons (9.2% in the national survey).2

Although the NNRTI PDR prevalence was similar in the different
sub-regions when considering only antiretroviral-naive persons,
differences were found when including persons with prior anti-
retroviral exposure (ranging from 7.8% to 14.0%), with higher PDR
in the South-West, a sub-region including the poorest states
(.60% of the population with income under the cost of the basic
food basket).41 Even when the WHO methodology is not powered
to generate HIV drug resistance prevalence in re-initiators due to
small numbers resulting in wide CIs for each sub-regional survey,
multivariable analyses considering all the participants identified
previous exposure to antiretrovirals as the only significant variable
associated with higher PDR to NNRTIs (aOR: 4.1, 95% CI: 2.7–6.3;
P , 0.0001) and NRTIs (aOR 8.8, 4.9–16.0; P , 0.0001), with preva-
lence estimates of 27.8% (95% CI: 21.4%–35.4%) and 15.8% (95%
CI: 10.9–22.4), respectively (Table S1). Our study thus agrees with
previous observations that prior exposure to antiretroviral drugs is
a significant risk factor for PDR,10 with 3 in 10 persons restarting
ART showing NNRTI PDR (overall in this study: 8.6% in ART-naive
versus 27.8% in prior-exposed; P , 0.0001). The fact that this asso-
ciation was only significant for some sub-regions (i.e. Centre-
North, North-West, South-West and South-East; Tables S3–S10),
possibly suggests distinct epidemiological scenarios in different
parts of the country.

An important observation of our study was an overall higher PDR
level in women, compared with men (P"0.04), mainly in the
South-West (although this association was lost after multivariable
analysis). This is a common observation in other LMIC, with women

being overall twice as likely as men to harbour resistant viruses.2,10

Significant differences have been previously identified in the socio-
economic and behavioural profiles between women and men living
with HIV in Mexico.42 In agreement with these observations, our sur-
vey suggests higher vulnerability of women compared with men,
associated with lower socio-economic and education level. Indeed,
the women in our survey had significantly lower literacy (elemen-
tary or lower: 41% versus 12%, P , 0.0001; degree or higher: 4% ver-
sus 35%, %, P , 0.0001) and lower employment rate (29% versus
54%, P , 0.0001). Women also presented to clinical care later than
men (mean age: 34 versus 32 years, P , 0.0001; mean CD4 count:
244 versus 288 cells/mm3, P"0.002) and, importantly, the preva-
lence of restarters among women was significantly higher than in
men (17% versus 6%, P , 0.0001).

Network analyses suggested high geographical compartmen-
talization of HIV transmission within each sub-region (Figure 4 and
Figure S8) and of drug resistance transmission (only 2 of 21 clus-
ters sharing drug resistance mutations included individuals from
more than one sub-region) (Figure 4), with different sub-epidemics
characterized by distinct demographic, behavioural and clinical
characteristics (Table 1). Differences in PDR levels, strongly associ-
ated with the proportion of groups with a higher prevalence of PDR
such as re-initiators and persons with lower socio-economic status
with heterosexual risk of transmission in different sub-regions,
suggest that both demographic characteristics of the population
and heterogeneous quality of local HIV programmes (based on
viral load follow-up, retention in care, average viral suppression,
mortality, as proxy)16 could be associated with increasing local HIV
PDR. Thus, it is not surprising that the poorest sub-region, charac-
terized by low education level, high proportion of women among
persons living with HIV, higher rates of heterosexual transmission,
as well as the highest rate of ART defaulting (13.6% restarters)
(Table 1), was associated with higher NNRTI PDR.

Our study has limitations that need to be acknowledged. First,
sampling was designed to obtain an HIV PDR prevalence outcome
with 5% precision, which could be insufficient to find differences
between sub-regions. Second, our study was not designed to ob-
tain nationally representative PDR estimates. Although the large
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number of participants allowed estimation of consolidated PDR
estimates with narrow CIs, these estimates could be biased as dif-
ferent sub-regions could contribute with different weight to the
national estimate. In addition, the sub-regions selected for the
study, although carefully defined, are a subject of controversy,
sometimes grouping states with important differences regarding
access to and quality of HIV care. Furthermore, our study included
only Ministry of Health clinics, which care for persons with no ac-
cess to social security. Although Ministry of Health clinics provide
ART to the majority of persons (70%) living with HIV in the coun-
try,20 exclusion of social security clinics could affect the generaliz-
ability of our observations to the whole country, introducing bias to
social determinants of the participants, with possible impact on
epidemiological dynamics, including emergence and transmission
of HIV drug resistance. Epidemiological and social studies directed
to specific populations, such as women, restarters and heterosex-
ual men are warranted to complement the observations of the
present survey. In addition, molecular epidemiology studies in
densely sampled populations could help not only to understand
better the HIV drug resistance transmission in specific local con-
texts, but also to design and assess the effectiveness of targeted
prevention interventions.

In large and complex countries such as Mexico, diversification
of the public health response to HIV drug resistance based on re-
gional prevalence could be considered. Higher NNRTI PDR levels
were associated with poorer regions, suggesting opportunities to
strengthen local HIV programmes. Price and licensing negotiations
of drug regimens containing INSTIs are warranted.

During the time of revision of this manuscript, and after presen-
tation of these results to the Mexican ART Guidelines Steering
Committee, an updated version of the National ART Guidelines
was published, featuring the introduction of INSTI-based single-
tablet regimens as part of the preferred first-line ART options.
Baseline HIV drug resistance tests are also recommended when
choosing efavirenz-based regimens as first line.43
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González-Hernández, Raúl Soria-Rodrı́guez, Nora P. Quintero-Pérez, Gerardo

Fe
m

al
e

M
al

e

Re
gi

on
:

Se
x:

Sh
ar

ed
 D

RM
:

Fe
m

al
e

M
al

e

Se
x:

Sh
ar

ed
 D

RM
:

PW
ID

H
TS

M
SM

Bi
se

xu
al

Ri
sk

:

(a
)

(b
)

(c
)

U
nk

no
w

n

N
N

RT
I

N
N

RT
I

N
N

RT
I

N
N

RT
I N

N
RT

I
N

N
RT

I

N
RT

I
N

RT
I

N
|N

N
RT

I
N

|N
N

RT
I

N
N

RT
I

N
N

RT
I

N
N

RT
I

N
N

RT
I

N
N

RT
I

PR
PR

N
N

RT
I

N
N

RT
I

N
N

RT
I

N
N

RT
I

N
N

RT
I

N
N

RT
I

N
N

RT
I

N
N

RT
I

N
N

RT
I

N
N

RT
I

N
N

RT
I

N
N

RT
I

PR

N
N

RT
I

N
N

RT
I

N
N

RT
I

N
N

RT
I

N
N

RT
I

N
N

RT
I

N
N

RT
I

N
N

RT
I

N
N

RT
I

N
N

RT
I

N
N

RT
I

N
N

RT
I

N
N

RT
I

N
N

RT
I

N
N

RT
I

Fe
m

al
e

M
al

e

Re
gi

on
:

Se
x:

Sh
ar

ed
 D

RM
:

Ce
nt

er
 S

ou
th

W
es

t

Ea
st

So
ut

hw
es

t

So
ut

he
as

t

W
es

t

Ea
st

So
ut

hw
es

t

So
ut

he
as

t

Ce
nt

er
 N

or
th

N
or

th
w

es
t

N
or

th
ea

st

Ce
nt

er
 S

ou
th

Ce
nt

er
 N

or
th

N
or

th
w

es
t

N
or

th
ea

st

Figure 4. HIV transmission network across Mexico. Nodes represent
clustering sequences at a TN93 genetic distance threshold of ,1.5%.
Shape of nodes denotes gender. Nodes are coloured by (a) risk factor for
HIV transmission; (b) and (c) geographical sub-region (see Figure S1).
Only clusters of sequences that shared DRMs are shown in (c). Edges in
bold red indicate sequences with shared DRMs. HTS, heterosexual; PWID,
persons who inject drugs; DRM, drug resistance mutation. This figure
appears in colour in the online version of JAC and in black and white in
the printed version of JAC.
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