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Dear Editor,

Worldwide human immunodeficiency virus type 1
(HIV-1) affects approximately 34 million people and

accounts for around 3 million newly infected persons per
year.1 In Brazil, approximately 600,000 individuals are in-
fected with HIV-1 and the annual incidence in 2010 was 17.9/
100,000 inhabitants.2 Heterosexual HIV-1 transmission has
increased significantly among young women, and in Brazil
the rate of male:female infection has changed from 25:1 to
1.5:1 during the last two decades.2 This shift raises concerns
since infected women can disseminate HIV-1 by sexual route
and by mother-to-child transmission (MTCT). HIV-1 MTCT is
a multifactorial event; however, maternal viral load alone is
considered the main risk factor.3 In this context, prophylactic
use of antiretroviral drugs (ARV) to reduce maternal viral
load has proved effective to avoid MTCT. Nevertheless,
emergence of HIV drug-resistant strains has increased with
the scaling up population-based treatment regimens based on
nucleoside/non-nucleoside reverse transcriptase inhibitors
(NRTI/NNRTI) and protease inhibitors (PI) and due to the
widespread use of standard first-line regimens based on low
genetic barrier NNRTI.4 During pregnancy, low adherence to
ARV therapy may also contribute to drug resistance devel-
opment.5 Transmitted HIV-drug resistance mutations (TDR)
in ARV naı̈ve pregnant women can compromise both MTCT
preventive measures and future treatment options. In this
regard, genotypic data among pregnant women is crucial for
effective MTCT prophylaxis and future ARV regimens.

In central western Brazil, a comprehensive public health
antenatal program including over 240 municipalities from
Goias State (‘‘Program for the Protection of Pregnant Women/
PPPW’’) screens *90,000 pregnant women/year for seven in-
fectious diseases, including HIV-1. This program has contrib-
uted to HIV-1 MTCT rates of 1%, the lowest in Brazil.2 In this
setting, between 2004–2005, the prevalence of HIV-1 infection
among 28,000 pregnant women was around 0.1%.6 More re-
cently (2010–2011) among 54,139 pregnant women from this
setting the prevalence of HIV-1 infection was 1.58 case/1000
women and the estimated incidence was 0.47/1000 person-
years based on HIV-specific antibody affinity (Calypte Aware
BED EIA HIV-1 Incidence Test), representing 20% of the re-

cently diagnosed cases (Costa et al., 2013, submitted). A sub-
sample of 22 HIV-1 infected women was proportionally
selected in the recruitment site to include participants from
both the capital metropolitan area and from other settings. In
the current study, we report HIV-1 molecular data including

Table 1. Main Characteristics of HIV-1 Infected

Pregnant Women with Recent and Long-Term

Seroconversion

Variables

Recent
seroconversion

(n = 6)

Long-term
seroconversion

(n = 12)

Age
Median 24 24
(range) (19–32) (15–36)

CD4 count (cells/mm3)
Median 532 427
(range) (310–666) (146–1302)

Viral load (copies/mL)
Median 28,700 36,370
(range) (14,828–55,299) (342–219,750)

ARV status
Previously

exposed
– 02 (16.7%)

Naı̈ve 06 (100%) 10 (83.3%)

Clinical status
Asymptomatic 6 (100%) 10 (83.3%)
Symptomatic – 02 (16.7%)

HIV-1 subtype (PR/TR)
B/B 05 (83.3%) 05 (41.6%)
C/C 01 (16.7%) 02 (16.7%)
F1/F1 – 01 (8.3%)
B/F1 or F1/B – 04 (33.3%)

Drug resistance 02 (2/6, 33.3%) 02 (2/12, 16.6%)
PI 02 (L90M) 01 (M46I)
NRTI 02 (M41L/T215C/D) 01 (T215S)
NNRTI – –

ARV, antiretroviral; NRTI, nucleoside reverse transcriptase inhib-
itor; NNRTI, non nucleoside reverse transcriptase inhibitor; PI,
protease inhibitor; PR, protease; RT, reverse transcriptase.

Recent seroconversion: £ 155 days, long-term seroconversion:
‡ 155 days as defined by BED EIA HIV-1 Incidence Test.
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drug resistance and genetic subtypes and socio-demographic
profiles in this subsample of HIV-1 infected pregnant women.7

Participants were interviewed using a standardized ques-
tionnaire to collect socio-demographic data. Clinical and
laboratory data (CD4 + cell counts, viral loads) were retrieved
from medical files at the reference public health hospital
(Hospital Anuar Auad/HDT/SUS, Goiania/GO). The pol
gene was sequenced as previously described.7 In brief, plasma
RNA was extracted (QIAamp� Viral RNA Mini Kit, Qiagen,
Germany), reverse transcribed into complementary DNA
(Invitrogen), and used for nested polymerase chain reaction
employing HIV-1 protease (PR) and reverse transcriptase (RT)
K1/K2 external primers and DP10/F2 internal primers. The
entire PR and *750 bp fragment of RT were amplified, pu-
rified (QIAquick� PCR Purification Kit/Qiagen, Germany)
and sequenced (BigDye Terminator kit, ABI Prism 3130 Ge-
netic Analyzer, Applied Biosystems, USA). Transmitted and
secondary drug resistance mutations were analyzed accord-
ing to International AIDS Society-USA and Stanford HIV
Drug Resistance Databases (hivdb.stanford.edu). TDR was

identified by the Calibrated Population Resistance Tool. ARV
mutation susceptibility profile was analyzed by Stanford HIV
Drug Resistance Database. GenBank accession numbers of
these sequences are KC249749-KC249766. HIV-1 subtypes
were defined by the REGA tool and phylogenetic inference
(Neighbor-Joining under Kimura’s 2-parameter). Isolates
with discordant subtypes in PR/RT regions were analyzed by
SIMPLOT software (200 bp window, 20 bp step, 1000 repli-
cates). Local institutional review board (Universidade Federal
de Goiás: protocol #073/05) approved this study and signed
informed consents were obtained. Frequencies and medians
of main variables were calculated using Epi Info7 (CDC,
Atlanta, GA, USA).

The median age of study group was 25 years (15–38 range),
5 were adolescents ( £ 19 years). There was no difference in age
between this sample and the entire group of 86 HIV-1 infected
women. Twelve participants had a stable sexual partner, one
of the participants was a prostitute. All pregnant women re-
ported heterosexual route, 5/22 declared a sexual partner
with known HIV-1 infection, however none was aware of

FIG. 1. Phylogenetic classification of 14 HIV-1 isolates from pregnant women in PR and TR genes: (C) HIV-1 sequences
without drug resistance mutations; (:) HIV-1 sequences with TDR mutations. Recombinant HIV-1 sequences were excluded
from the phylogenetic analysis. Brackets indicate different monophyletic clusters. Bootstrap values (1000 replicates) above
70% are shown. GenBank accession numbers of reference sequences are: Subtype B (AY173956, K03455, AY781126;
AB287365; AY037269), Subtype F1 (AF077336; AF005494; FJ771010; JX140671), and Subtype C (U52953; AF286228; AY727524;
AY703911; AB254142). The tree was rooted using the simian immunodeficiency virus sequence from chimpanzee (SIVcpz,
GenBank accession number: AF103818) as an outgroup. (Color image can be found at www.liebertonline.com/apc).
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ARV use by the partner. Two participants have had a partner
who had been in prison, and three had a bisexual partner.
Sexually transmitted disease was reported by two patients
(HPV) and two patients have previously received blood
transfusion. Half of the participants had low educational level
( < 8 years), none had a university degree. Most patients
(n = 11) have had from 1 to 4 previous pregnancies. Most
patients (14/22, 63.3%) were from the great metropolitan area
(capital Goiânia city, 1.6 million inhabitants). For 18 out of 22
patients recruited HIV-1 pol gene could be amplified and se-
quenced, including 6 cases of recent seroconversion ( < 155 days)
and 12 cases of long-term seroconversion identified by BED EIA.
Main characteristics of patients are summarized in Table 1.

Only two long-term seroconverted women had been ex-
posed once to intravenous AZT during a previous delivery and
none had secondary drug resistance mutation. Among 16 ARV
naı̈ve pregnant women, there were four cases of TDR (25%, 4/
16) (GenBank accession numbers: KC249752, KC249759,
KC249760, KC249761). Among TDR cases, single class muta-
tion (NRTI) was detected in two patients (PI: M46I and NRTI:
T215S) and dual class (PI + NRTI) mutations were identified in
two patients: L90M + M41L and T215C/D mutations. Two out
of six recently infected patients had TDR mutations: PI (L90M)
and NRTI mutations (M41L and T215C). M46I is a major PI
mutation that confers low susceptibility to nelfinavir (NFV) but
in non-subtype B, M46I is usually the consensus amino acid.
T215S/C are revertant mutations related to the emergence of
T215Y, that increases the risk of virologic failure to AZT and
stavudine (d4T).8 M41L when associated with T215Y confers
high level of resistance to these two drugs and decreases sus-
ceptibility to all nucleoside reverse transcriptase inhibitors.9

L90M is associated with high level of resistance to NFV.8

Regarding HIV-1 diversity, despite the predominance of
subtype B (10/18), subtype C represented the second most
frequent subtype (3/18), followed by BF1 recombinants and
subtype F1 (Table 1, Fig. 1). These findings corroborate the
recently described heterosexual spread of HIV-1 subtype C in
central western Brazil, which contrasts with its low preva-
lence in previous studies from this geographic area.10,11

The profile of the Brazilian pregnant women infected with
HIV-1 depicted in this report raises concerns since it includes
adolescents, mostly with low educational levels, high risk
behavior represented by unprotected sex with HIV-1 infected
patients and prisoners. Moreover, despite the small sample
size, a high rate of transmitted drug resistance mutations
(25%) was observed, including dual class resistance mutations.
This rate may be underestimated since bulk sequencing detects
only strains that represent > 20%. Timing of genotypic testing
among long-term seroconverters may also interfere since in the
absence of ARV drug pressure, resistance mutations may de-
cline and become undetectable. The high rate of TDR mutations
identified in this group represents an alert since great efforts by
public health programs in central western Brazil have pro-
moted the lowest HIV-1 MTCT in the country, which is an
important achievement towards an AIDS-free generation.
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