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Abstract

The remarkable viral diversity remains a big challenge to the development of HIV vaccines and optimal therapy worldwide.
In the latest years, as a consequence of the large expansion of highly active antiretroviral therapy (HAART) availability
worldwide, an increase in transmitted drug resistance mutations (TDRM) has been observed, varying according the region.
This study assessed HIV-1 diversity and TDRM profile over time among newly HIV-1 diagnosed individuals from Rio de
Janeiro, Brazil. Blood samples were collected from individuals seeking HIV diagnosis in four voluntary counseling and testing
(VCTs) sites located in the Rio de Janeiro Metropolitan Area, in 2005–2007. Recent (RS) and long-term (LTS) HIV-1
seroconverters were distinguished using BED-CEIA. Pol viral sequences were obtained for 102 LTS identified in 2005 and 144
RS from 2005–2007. HIV-1 subtype and pol recombinant genomes were determined using Rega HIV-1 Subtyping Tool and
by phylogenetic inferences and bootscanning analyses. Surveillance of HIV-1 TDRM to protease and reverse transcriptase
inhibitors were performed according to the Calibrated Population Resistance (CPR) Tool 6.0. Overall, subtype B remains the
most prevalent in Rio de Janeiro in both LTS and RS HIV-1 infected individuals. An increased proportion of recombinant
samples was detected over time, especially in RS heterosexual men, due to the emergence of CRF02_AG and URF samples
bearing a subtype K fragment. The prevalence of HIV-1 samples carrying TDRM was high and similar between LTS and RS
(15.7% vs 14.6%) or age (,25yo 17.9% vs .25yo 16.6%) along the study period. The high resistance levels detected in both
populations are of concern, especially considering the dynamics of HIV-1 diversity over time. Our results suggest that the
incorporation of resistance testing prior to HAART initiation should be highly considered, as well as permanent surveillance,
aiming to carefully monitoring HIV-1 diversity, with focus on CRF/URF emergence and putative transmission.
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Introduction

HIV remains a global health problem, with an estimated 34.0

million people living with the virus in 2011 [1]. Although the

global prevalence rate has remained stable from 2001 to 2009

(0.8%), pronounced regional variations have been observed, with

infection rates varying from ,0.5% to .40% [2]. In Brazil, the

prevalence of HIV-1 infection in individuals aged 15–49 years old

is estimated to be 0.6%, varying from 0.8% to 0.4% in men and

women, respectively [3].

In the first half of the last century, HIV-1 group M branched

into genetic subtypes but remained confined to western-central

Africa [4]. However, in the second half, the epidemic became

global, resulting in a differential global distribution of HIV-1

subtypes and recombinant genomes [5]. The high mutation and

viral replication rates associated with reverse transcriptase’s error-

prone activity result in large genetic variability of HIV strains

worldwide. Although the global and regional distributions of

individual subtypes and recombinants have been stable under a

coarse-grained analysis, Circulating Recombinant Forms (CRFs)

play an increasing role in the HIV pandemic. Roughly, 55 CRFs

have been described so far (Los Alamos National Laboratory,

http://www.hiv.lanl.gov) [5]. Data from Brazil have been

available since the nineties showing a predominance of subtype

B in distinct regions of the country, followed by subtype F, and an

uncountable number of Unique Recombinant Forms involving

subtypes B and F (URF_BF), exception made for the Southern

states, where subtype C and CRF31_BC predominate [6]. Indeed,

HIV-1 diversity remains a major challenge for the development of

an HIV vaccine [5].

Despite the advances in antiretroviral therapy (ART) that have

revolutionized HIV management and contributed to the observed
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decline of regional epidemics [7,8,9], antiretroviral resistance has

emerged in all settings in which such drugs have been prescribed.

In fact, transmitted resistance represents a permanent challenge

for HIV control due to its impact on treatment efficacy and clinical

outcomes. Data from reports around the world have shown high

levels of transmitted antiretroviral resistance over the years in

high-income countries [10,11,12,13]. A gap remains for most

middle and low-income were such data are sorely needed in the

context of treatment scale-up.

Brazil is a middle-income country and since 1996 has

implemented a policy of universal access to highly active

antiretroviral therapy (HAART). Over 300.000 HIV-1 infected

individuals are currently under treatment. So far, national cross-

sectional surveys pointed out to an intermediate level of HIV-1

primary drug resistance (5-15%) [14,15]. In this paper, we aimed

to assess HIV subtype diversity and transmitted resistance

prevalence over time in newly diagnosed individuals, in the Rio

de Janeiro metropolitan area.

Materials and Methods

Ethics Statement
This study was approved by the Evandro Chagas Clinical

Research Institute - IRB (CAAE–0032.0.009.000-04). The indi-

viduals were interviewed at the VCT sites and signed the informed

consent. Written consent of relatives or guardians were obtained

on behalf of adolescents (aged 15–17 years old) included in the

study. Personal identifications were systematically removed from

data.

Patient Population
From 2005 to 2007, 27,807 individuals seeking HIV diagnosis

in four Voluntary Counseling and testing sites (VCTs) located in

the Rio de Janeiro metropolitan region (i.e. the city of Rio de

Janeiro and its outskirts) were enrolled in this study. Blood samples

were obtained and routine serological assays to assess HIV

infection were performed. Seropositive samples from each year

were further tested in order to differentiate recent seroconverters

(RS) and long-term seroconverters (LTS), using the BED-CEIA

protocol [16] according to the manufacturer’s instructions. One

hundred-forty four consecutive samples of RS (2005–2007) as well

as a random subset of 102 LTS samples diagnosed in 2005 [17]

were submitted to molecular protocols.

HIV-1 subtyping
DNA samples were sequenced for a fragment of the polymerase

region covering the protease and part of the reverse transcriptase,

as previously described [18]. The DNASTAR package was used

for sequence edition [19]. HIV-1 subtypes and Pol recombinant

forms were determined by Rega HIV-1 Subtyping Tool website

[22], accessed in November 2012, and phylogenetic inferences

using the Neighbor-Joining algorithm under Kimura-2 parame-

ters, nucleotide substitution model [20] through Mega 5.2 software

packages [21]. Recombinant profiles were inferred by boot-

scanning analyses with a sliding window of 350 bp, steps of 10 bp

and Kimura-2 parameters model using SimPlot 3.5.1 software

[23]. The sequences were submitted to GenBank and the accession

numbers are KF921970 to KF922070 for those obtained from the

LTS group and KF922071 to KF922214 for the RS group.

HIV-1 transmitted resistance
HIV-1 transmitted resistance was evaluated according to the

Calibrated Population Resistance (CPR) Tool Version 6.0. The

CPR tool is a program used to analyze HIV-1 sequences, and

constitutes a standard approach to determine the sequences

containing a mutation suggestive of transmitted HIV-1 drug

resistance, generating a list of standard surveillance drug resistance

mutations (SDRMs) [24]. This approach was endorsed by the

World Health Organization (WHO) for epidemiological surveil-

lance of transmitted HIVDR [25,26]. The analysis was done using

the CPR website http://cpr.stanford.edu/cpr.cgi accessed in

November 2013.

Data Analysis
Two major groups (LTS of 2005, RS from 2005 to 2007) were

evaluated according to VCT location, gender, sexual practice for

men, pregnancy in women and age. Contingency tables and

respective statistics were used (i.e. chi-square or Fisher’s exact test

for categorical variables). An alpha level of 0.05 was chosen to

define statistical significance.

Results

HIV-1 Pol genotyping were performed for 102 LTS identified

in 2005 and for 144 RS recruited from 2005–2007. Phylogenetic

analyses of HIV-1 samples obtained for both groups are presented

in figures 1A and 1B, respectively. Overall, subtype B (78.0%)

infections prevailed over time, without significant differences

(p = 0.12) between the LTS (2005) and RS (2005–2007) subgroups

(83.3% vs 74.3%). Among non-B subtype samples, most were from

subtype F1 (24 in 25 samples) and one RS sample was assigned as

subtype C. During the period under analysis, approximately one in

every nine samples presented a recombinant profile between

different subtypes. Among them, URF_BF samples were detected

in both LTS (n = 2) and RS (n = 6) subgroups. Moreover,

URF_CD as well as URF_BD (two samples) and URF_CF were

identified among the LTS and RS subgroups, respectively. These

samples were not included in the phylogenetic analyses to improve

the bootstrap values of the B and F branch clusters.

Unique infections due to CRF39_BF and CRF28/29_BF have

been observed in LTS and RS subgroups, whereas CRF40_BF

and CRF42_BF were detected in RS HIV-1 positive individuals

(figures 1A and 1B). The Pol fragment analyzed in the present

study was not informative enough to discriminate between

CRF28_BF and CRF29_BF and two HIV-1 samples obtained

from LTS and RS individuals were classified as CRF28/29_BF.

Moreover, four samples (one from LTS and three from RS groups)

clustered in the phylogenetic analyses with high bootstrap values

with subtype K references. Their URF_K like recombinant

profiles were further defined by bootscanning analyses (Figure 2)

and were found to correspond to mosaic genomes encompassing

subtypes B, F and K.

It is of note that seven cases of CRF02_AG were observed

among the 144 RS samples obtained in the period of 2005–2007,

what contrasted with the absence of any of such cases among the

LTS (0/102) — indicating an increase in the frequency of this

CRF in our region over time (p = 0.04).

A summary of the pol genetic profiles of the HIV-1 samples

obtained from RS and LTS individuals, as well as their association

with gender and sexual risk behaviors are presented in Table 1. In

order to cross-compare their prevalence in the two subgroups,

samples were grouped as ‘‘pure subtypes’’, defined as those

without recombinant genomes in the region under analysis (such

as subtypes B, F1 and C), B and non-B subtypes, and URF and

CRF ‘‘recombinant genomes’’ pooled or as two categories.

Differences between categories found to be statistically significant

are highlighted in bold.

HIV Diversity & Resistance in Patients Seeking VCT
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Although not statistically significant, the URFs:CRFs ratio

varied over time, decreasing from 2:1 (4 URF and 2 CRF-related

samples), in the LTS, to almost 1:1 in the RS subgroup (12 URF

and 11 CRF-related samples), mainly due to an increase of

CRF02_AG related samples over time. It is of note, however, that

recombinant genomes became more prevalent over time, com-

paring the LTS and RS groups (p = 0.016), as well as among men

compared to women (3.6% vs 17.6%; p = 0.013).

The analysis of transmitted drug resistance mutations (TDRM)

showed that 15% of samples had at least one major mutation

associated with drug resistance (Table 2). Protease inhibitors (PI)

TDMRs were found in 4.9% of the sequences. Regarding the

reverse transcriptase inhibitors, 8.9% and 7.3% of the sequences

showed mutations that conferred resistance to nucleoside ana-

logues (NRTIs) and to non-nucleoside analogues (NNRTIs),

respectively. Moreover, 3.7% and 0.8% of the samples had

resistance mutations to NRTIs and NNRTIs and to the three

antiretroviral (ARV) classes, respectively.

Comparisons between RS vs LTS, in terms of gender, sexual

behaviors, pregnancy/non-pregnancy, VCTs location and age did

not show any significant difference. When evaluating resistance

according to the HIV subtype, the same rate of 16.7% was found

for subtypes B and F, whereas 12.5% was observed for those

samples presenting recombinant genomes including a fragment of

subtype B (2 samples out of fourteen BF and two BD). No TDRM

was detected for CRF02_AG samples (seven). These data are

summarized in Table 2.

Most resistant mutations found in this study were NRTI

mutations. The overall prevalence for this class of mutations was

15.9%, with 12.7% in LTS vs 18.1% in RS. The most frequently

found NRTI SDMR was M184V/I,, corresponding to almost

30% of the NRTI SDMRs. The second most prevalent mutation

in this group was K219R (n = 7; one in LTS and six in RS). The

second most prevalent group was SDMR for NNRTI, being

10,8% in the LTS subgroup and 6.3% characterized in the RS

group. K103N was the most prevalent NNRTI mutation (n = 10,

five in each group), followed by Y181C/L (n = 4) and Y188C

(n = 3). The M46L/I (n = 5, three in RS) and L90M (n = 3, two in

LTS) were the most frequently observed PI mutations. The

frequency of mutations for this drug class is more than two times

higher in LTS than in the RS subgroup (9.8% vs 4.2%).

Discussion

In order to assess HIV-1 diversity and TDRM over time, we

analyzed samples from recently infected individuals in 2005–2007,

as well as samples collected in 2005 and defined as long-term

infections from four large VCTs in Rio de Janeiro, Brazil. Our

results show that subtype B remains the most prevalent subtype,

followed by recombinants — mostly BF1, and subtype F1, as

previously described [17].

A higher proportion of recombinant forms (16.0% in RS vs

5.9% in LTS) and CRF-related samples (compared to URFs) were

observed over time, corroborating recent data published by

WHO-UNAIDS [5], documenting a worldwide increase in the

proportion of circulating recombinant forms, with a concomitant

reduction of the URFs and an increase of overall recombinant

genomes.

Interestingly, the observed trend for Rio de Janeiro seems to be

secondary to the increase of CRF over time among men,

heterosexual (12.9% in RS vs 2.7% in LTS) and MSM (18.7%

vs 5.3%). We hypothesize that men from Rio de Janeiro

Figure 1. Phylogenetic tree analysis of the HIV-1 pol region, encompassing the protease and part of the reverse transcriptase,
obtained from (A) long term seroconverters (LTS) and (B) recent seroconverters (RS) from Rio de Janeiro, Brazil. The phylogenetic
inferences were performed by the Neighbor-Joining algorithm under Kimura-2 parameters, nucleotide substitution model using MEGA 5.2 package.
Reference sequences from the major HIV-1 subtypes and CRFs BF and CRF02_AG were also included. The scale represents number of substitutions
per site. The major subtype and CRF clusters are indicated in different colors. Subtype B samples as well as CRF 28, 29 and 39 were included in the
Subtype B group.
doi:10.1371/journal.pone.0087622.g001
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Metropolitan area (a major touristic destination and an important

commercial hub) may constitute a population with a high level of

imported infections, which may modulate the local epidemic

dynamics, with a higher viral diversity as one of its consequences.

This hypothesis seems to be corroborated by the relevant

proportion (30% or 7/23) of new infections with recombinants

that were classified as related to CRF_02AG. These infections

were more prevalent among men (5/7) and correspond to an

increasing proportion of recombinant HIV-1 samples among RS

over the years (20.1% in 2005 and 33.3% in 2006 and 2007).

CRF_02AG is the fourth most prevalent recombinant form

around the world, with a substantial diffusion in West Africa and,

to a lesser extent, Central Africa, North Africa, and the Middle

East [5]. So far there have been few reports in Brazil [27,28], and

this is consistent with our findings, as all CRF_02AG samples were

found among individuals defined as RS. Indeed, in a previous

study from our group, six CRF02_AG samples were identified in

Rio de Janeiro from 2004 to 2011, evidencing multiple introduc-

tions and progressive dissemination across local transmission

networks, among patients referred to HIV genotyping by their

clinicians [29]. Another study also documented the introduction of

CRF02_AG in the Amazonian region, northern Brazil [30]. The

occurrence of four recombinants that had a fragment of subtype K

corroborates as well our hypothesis. Three of them were obtained

from HIV-positive individuals characterized as RS, and one from

LTS, previously described [17]. To date, only three reports of

isolated cases of subtype K-related genomes have been published

among HIV-1 samples from Brazil [17,31,32].

HIV-1 subtype K was originally described in samples from

Cameroon and the Democratic Republic of Congo [33] and, since

then, several CRFs containing subtype K fragments along the

genome have been described [http://www.hiv.lanl.gov/content/

sequence/HIV/CRFs/CRFs.html]. Among them CRF04_cpx,

CRF06_cpx, CRF45_cpx and CRF49_cpx have a subtype K

fragment in the polymerase region, as our samples. The

relationships between our samples and these described CRFs

should be better understood by additional studies.

Our data suggest that the overall levels of transmitted drug

resistance remained stable but high (ranging from 11.5% to

16.7%) during the entire study period. In the beginning of the

HAART era (1996–8), two studies conducted in Brazil [34,35]

showed an overall prevalence rate for transmitted resistance that

ranged from 0.0% to 0.9%; resistance was mostly to NRTIs [34].

In 2001, a large study assessing data from eight different Brazilian

states found an overall prevalence of 6.6%, with an uniform

distribution among different drug classes (2.4% for NRTIs, 2.0%

for NNRTIs and 2.2% for PIs) [14]. More recently, surveys have

reported intermediate to high levels of primary resistance to at

least one class of antiretroviral drugs, varying from 7.0% to 21.4%

[15,30,31,36–38].

Our results are in agreement with recent reports that

documented an increasing transmitted resistance level in Brazil.

Figure 2. Bootscanning plot of HIV-1 recombinant samples bearing a fragment of subtype K in the polymerase region obtained
from LTS (n = 1) and RS (n = 3) individuals. Recombinant profiles were inferred using a sliding window of 350 bp, steps of 10 bp and Kimura-2
parameters model using SimPlot 3.5.1 software. Referral samples corresponding to the major HIV-1 subtypes, indicated by different colors were
included in the analyses.
doi:10.1371/journal.pone.0087622.g002
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Taken together, these data may contribute to the ongoing debate

about the need of implementing resistance testing before starting

ART, at least in settings within the country where high rates of

transmitted resistance have been described. One must observe,

however, that in a continental size country, with a pronounced

social and geographic diversity, high levels of resistance may reflect

Table 1. Diversity in pol sequences obtained from HIV-1 seropositive individuals diagnosed in four VCTs located in metropolitan
area of Rio de Janeiro, Brazil, from 2005 to 2007.

2005 Prevalent 2005–2007 Incident Overall

N (%) N (%) N (%)

OVERALL 102 (41.5) 144 (58.5) 246 (100.0)

B 85 (83.3) 107 (74.3) 192 (78.0)

F1 11 (10.7) 13 (9.0) 24 (9.8)

BF1 4 (4.0) 10 (6.9) 14 (5.7)

CRF_02AG 0 (0.0) 7 (4.9) 7 (2.8)

K recombinants 1 (1.0) 3 (2.1) 4 (1.6)

Other forms 1 (1.0) * 4 (2.8) ** 5 (2.1)

Subtype

Pure 96 (94.1) # 121 (84.0) # 217 (88.2)

Recombinant 6 (5.9) # 23 (16.0) # 29 (11.8)

Pure Subtype

B 85 (88.5) 107 (88.4) 192 (88.5)

other than B 11 (11.5) 14 (11.6) 25 (11.5)

Recombinant

URF 4 (66.7) 12 (52.2) 16 (55.2)

CRF (related) 2*** (33.3) 11**** (47.8) 13 (44.8)

MALE - FEMALE 56 (54.9)246 (45.1) 74 (51.4)270 (48.6) 130 (52.8)2116 (47.2)

Subtype

Pure 54 (96.4) ##242 (91.3) 61 (82.4) ##260 (85.7) 115 (88.5)2102 (87.9)

Recombinant 2 (3.6) ##24 (18.7) 13 (17.6) ##210 (14.3) 15 (11.5)214 (12.1)

Pure Subtype

B 48 (88.9)237 (88.1) 54 (88.5)253 (88.3) 102 (88.7)290 (88.2)

other than B 6 (11.1)25 (11.9) 7 (11.5)27 (11.7) 13 (11.3)212 (11.8)

Recombinant

URF 2 (100.0)22 (50.0) 5 (38.5)27 (70.0) 7 (46.7)29 (64.3)

CRF (related) 0 (0.0)22 (50.0) 8 (61.5)23 (30.0) 8 (53.3)25 (35.7)

MSM - HETERO ### 19 (33.9)237 (66.1) 32 (50.8)231 (49.2) 51 (42.8)268 (57.2)

Subtype

Pure 18 (94.7)236 (97.3) 26 (81.3)227 (87.1) 44 (86.3)263 (92.7)

Recombinant 1 (5.3)21 (2.7) 6 (18.7)24 (12.9) 7 (13.7)25 (7.3)

Pure Subtype

B 17 (94.5)231 (86.1) 23 (88.5)223 (85.2) 40 (90.9)254 (85.7)

other than B 1 (5.5)25 (13.9) 3 (11.5)24 (14.8) 4 (9.1)29 (14.3)

Recombinant

URF 1 (100.0)21 (100.0) 3 (50.0)20 (0.0) 4 (57.1)21 (20.0)

CRF (related) 0 (0.0)20 (0.0) 3 (50.0)24 (100.0) 3 (42.9)24 (80.0)

*URF_CD (1).
**subtype C (1), URF_CF (1), URF_BD (2).
***CRF28_BF/CRF29_BF (1), CRF39_BF (1).
****CRF02_AG (7), CRF28_BF/CRF29_BF (1), CRF39_BF (1), CRF40_BF (1), CRF42_BF (1).
#P value = 0.016.
##P value = 0.014.
###11 male volunteers didn’t want to express information about their sexual practices.
doi:10.1371/journal.pone.0087622.t001
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the availability of molecular surveillance studies in some specific

settings rather than actual worst-case scenarios. Most studies

carried out so far in Brazil have focused on areas where a better

logistical and academic infrastructure is available, what may or

may not be coincident with areas where resistance might be

actually higher and of special concern.

No difference between men and women was made evident, but

the prevalence of transmitted resistance among MSM was higher

than among heterosexual men (25.5% vs 11.8%). This high level of

transmitted resistance aligns with the findings from a recent

respondent-driven sampling study of MSM from nine Brazilian

cities, in which a 21.4% rate was found [38]. This can be due to

the longer time of ARV exposure among MSM, as this population

has been the most affected in our country since the beginning of

the HIV epidemic. In consequence, a high proportion of MSM are

likely to be exposed to multiple ARVs for a longer period,

increasing the chances of new infections harboring a resistant virus

in this population.

Among samples containing CRF_02AG, the absence of

resistance could be explained by their probable origin. They

could be imported from the African continent, from where Brazil

has received many immigrants in recent years. In most regions of

Africa, ARV treatment remains limited and in need for further

scaling-up.

The prevalence of resistance was found to be similar among B

and F subtype infections, despite some variation by specific drug

classes.

One must be cautious respecting the generazibility of such

findings, in the context of a huge and heterogeneous country.

Additional molecular surveillance studies must be carried out in

other regions of the country and are sorely needed for specific

areas, such as southern Brazil, where the most prevalent subtypes

Table 2. Frequency of HIV-1 positive individuals carrying SDRM distributed according to drug class, time of infection, gender,
sexual practice for men, pregnancy, location, age and subtype in sequences obtained in four VCTs located in metropolitan area of
Rio de Janeiro, Brazil.

N analysed (%) any PI NRTI NNRTI NRTI + NNRTI NRTI + NNRTI + PI

OVERALL 246 (100) 15.0 4.9 8.9 7.3 3.7 0.8

Time of Infection

Recent (RS) 144 (58.5) 14.6 3.5 10.4 6.3 3.5 0

Long Term (LTS) 102 (41.5) 15.7 6.9 6.9 8.8 3.9 2.0

Over Time

LTS in 2005 102 (41.5) 15.7 6.9 6.9 8.8 3.9 2.0

RS in 2005 54 (22.0) 16.7 3.7 13.0 7.4 3.7 0

RS in 2006 38 (15.4) 15.8 7.9 7.9 7.9 5.3 0

RS in 2007 52 (21.1) 11.5 0 9.6 3.8 1.9 0

Gender

Male 130 (52.8) 16.2 4.6 9.2 9.2 4.6 0.8

Female 116 (47.2) 13.8 5.2 8.6 5.2 2.6 0.9

Sexual practice (men)

MSM 51 (42.8) 25.5 5.9 11.8 13.7 3.9 0

Heterosexual 68 (57.2) 11.8 4.4 8.8 7.4 5.9 1.5

Pregnancy (women)

Yes 11 (9.5) 0 0 0 0 0 0

No 105 (90.5) 15.2 5.7 9.5 5.7 2.9 1.0

VCT

Madureira 54 (22.0) 16.7 9.3 13.0 9.3 7.4 1.9

Nova Iguaçu 112 (45.5) 11.6 4.5 6.3 6.3 3.6 0.9

Caxias 53 (21.5) 20.7 3.8 7.5 11.3 1.9 0

São Gonçalo 27 (11.0) 14.8 0 14.8 0 0 0

Age

15 to 24 ys. 39 (16.6) 17.9 5.1 7.7 5.1 0 0

25 to 49 ys. 173 (73.6) 14.5 4.6 8.7 7.5 4.0 0.6

More than 49 ys. 23 (9.8) 21.7 8.7 17.4 13.0 9.7 4.3

Subtype

B 192 16.7 6.3 10.4 7.8 4.2 1.0

F1 24 16.7 0.0 8.3 12.5 4.2 0

Recombinants with B 16 12.5 6.3 6.3 0 0 0

AG 7 0 0 0 0 0 0

doi:10.1371/journal.pone.0087622.t002
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markedly differ from those observed in Rio de Janeiro and other

regions [5,6,14,39–42].

Although the study was conducted following all recommenda-

tions on surveillance studies issued by the CDC [43], one of its

potential limitations is related to the possibility of detecting ‘‘false-

recent infections’’, misclassified by BED-CEIA in contexts of high

viral diversity.

Our findings reinforce the concept that has gained momentum

worldwide that HIV-1 viral diversity and transmitted resistance

have become increasingly complex. It is therefore highly

recommended that, at least in some localities/regions of the

country, primary resistance should be performed to better inform

treatment decisions.

Acknowledgments

The authors would like to thank Ms Margarete Paiva for logistical support

in the VCTs and Mr Edson O. Delatorre, MSci, for his support on the

phylogenetic analyses.

Author Contributions

Conceived and designed the experiments: CAVdC BG VGV FIB JHP NF

MGM. Performed the experiments: CAVdC BG MGM. Analyzed the

data: CAVdC BG VGV FIB JHP NF MGM. Contributed reagents/

materials/analysis tools: CAVdC BG FIB MGM. Wrote the paper:

CAVdC BG VGV FIB JHP NF MGM.

References

1. UNAIDS (2012) Global report: UNAIDS report on the global AIDS epidemic

2012.

2. UNAIDS (2010) Global report: UNAIDS report on the global AIDS epidemic

2010.

3. Szwarcwald CL, Barbosa Junior A, Souza-Junior PR, Lemos KR, Frias PG, et

al. (2008) HIV testing during pregnancy: use of secondary data to estimate 2006
test coverage and prevalence in Brazil. Braz J Infect Dis 12: 167–172.

4. Worobey M, Gemmel M, Teuwen DE, Haselkorn T, Kunstman K, et al. (2008)
Direct evidence of extensive diversity of HIV-1 in Kinshasa by 1960. Nature

455: 661–664.

5. Hemelaar J, Gouws E, Ghys PD, Osmanov S (2011) Global trends in molecular

epidemiology of HIV-1 during 2000–2007. Aids 25: 679–689.

6. Almeida SE, de Medeiros RM, Junqueira DM, Graf T, Passaes CP, et al. (2012)

Temporal dynamics of HIV-1 circulating subtypes in distinct exposure

categories in southern brazil. Virol J 9: 306.

7. Palella FJ, Jr., Delaney KM, Moorman AC, Loveless MO, Fuhrer J, et al. (1998)

Declining morbidity and mortality among patients with advanced human
immunodeficiency virus infection. HIV Outpatient Study Investigators.

N Engl J Med 338: 853–860.

8. Montaner JS, Lima VD, Barrios R, Yip B, Wood E, et al. (2010) Association of

highly active antiretroviral therapy coverage, population viral load, and yearly
new HIV diagnoses in British Columbia, Canada: a population-based study.

Lancet 376: 532–539.

9. Johnston KM, Levy AR, Lima VD, Hogg RS, Tyndall MW, et al. (2010)

Expanding access to HAART: a cost-effective approach for treating and

preventing HIV. Aids 24: 1929–1935.

10. Tamalet C, Fantini J, Tourres C, Yahi N (2003) Resistance of HIV-1 to multiple

antiretroviral drugs in France: a 6-year survey (1997–2002) based on an analysis
of over 7000 genotypes. Aids 17: 2383–2388.

11. Scott P, Arnold E, Evans B, Pozniak A, Moyle G, et al. (2004) Surveillance of
HIV antiretroviral drug resistance in treated individuals in England: 1998–2000.

J Antimicrob Chemother 53: 469–473.

12. Richman DD, Morton SC, Wrin T, Hellmann N, Berry S, et al. (2004) The

prevalence of antiretroviral drug resistance in the United States. Aids 18: 1393–
1401.

13. Taniguchi T, Nurutdinova D, Grubb JR, Önen NF, Shacham E, et al. (2012).
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