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Abstract

People deprived of liberty in prisons are at higher risk of infection by the human immunodeficiency virus (HIV) due to their
increased exposure through intravenous drug use, unprotected sexual activity, tattooing in prison and blood exposure in
fights and rebellions. Yet, the contribution of intramural HIV transmission to the epidemic is scarcely known, especially in
low- and middle-income settings. In this study, we surveyed 1,667 inmates incarcerated at Presidio Central de Porto Alegre,
located in southern Brazil, for HIV infection and molecular characterization. The HIV seroprevalence was 6.6% (110/1,667).
Further analyses were carried out on 40 HIV-seropositive inmates to assess HIV transmission clusters and drug resistance
within the facility with the use of molecular and phylogenetic techniques. The molecular epidemiology of HIV-1 subtypes
observed was similar to the one reported for the general population in southern Brazil, with the predominance of HIV-1
subtypes C, B, CRF31_BC and unique BC recombinants. In particular, the high rate (24%) of URF_BC found here may reflect
multiple exposures of the population investigated to HIV infection. We failed to find HIV-infected inmates sharing
transmission clusters with each other. Importantly, the analysis of HIV-1 pol genomic fragments evidenced high rates of HIV
primary and secondary (acquired) drug resistance and an alarming proportion of virologic failure among patients under
treatment, unveiling suboptimal access to antiretroviral therapy (ARV), low ARV adherence and dissemination of drug
resistant HIV strains in primary infections. Our results call for immediate actions of public authority to implement preventive
measures, serological screening and, for HIV-seropositive subjects, clinical and treatment follow-up in order to control HIV
infection and limit the spread of drug resistance strains in Brazilian prisons.
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Introduction syphilis) agents that greatly increase susceptibility to HIV infection
. : o . [5]-

Despite HIY/ AIDS is a pandemlc. Wlth. worldwide andlcros.s- In Brazil, a middle-income country with continental dimen-

strata proportions, HIV commonly disseminates more rapidly in sions, over 600,000 HIV-infected persons are estimated as of June

specific groups, such as those of men who have sex with men 2011. The South region of the country is of special concern, being

(MSM), commefcial sex workers, intravenpus drug users (IDU) the area with the highest reported AIDS incidence in the last years
and people deprived of liberty [174.]' In prisons, HIV prevalence [7]. There are estimated 514,582 incarcerated subjects in Brazil,
rates are frequently several-fold higher when compared to the while the South region concentrates almost 20% of this population

general population of the same locale, especially in low- and (http:/ /www.infopen.gov.br/). Despite such high numbers of
middle-income countries [5]. Incarcerated subjects are frequently

- ) S prisoners, scarce information is known about their HIV/AIDS
exposed to conditions that favor HIV dissemination, such as IDU,

. Y ¢ status and associated conditions. In particular, the contribution of
unprotected sexual activity, promiscuity, tattooing and exposure to HIV transmission during incarceration is largely unknown in the

f:ontamlnated blF)Od dur mg ﬁght‘s and rebellions [6] Morcov.er, Brazilian penitentiary system, with few studies addressing this issue
inmates are at increased risk of exposure to co-infections with [8,9]
9]

other viral (e.g., hepatitis B and C) and bacterial (e.g., tuberculosis,
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HIV-IM (major), the pandemic variant of the AIDS virus, is
classified into nine pure subtypes (A-D, F-H, J, K) and numerous
circulating intersubtype recombinant forms (CRFs) [10]. While in
Brazil HIV-1 subtype B is the prevailing strain, the south of the
country is unique in the Brazilian epidemic, with an endemic focus
of HIV-1 subtype C, a variant of African origin that has
disseminated in the area in the last three decades [11-17]. This
unique focus of HIV-1C in the Americas has created an interesting
scenario for HIV-1 molecular epidemiology studies in the area.

In view of the abovementioned scenario, the present study aims
to characterize the impact of intraprison HIV transmission and of
HIV drug resistance to the HIV/AIDS epidemic of a large
penitentiary unit in southern Brazil through the use of molecular
identification techniques. HIV-1 subtypes, as well as CRFs and
unique recombinant forms (URFs) have been defined in recently-
diagnosed, HIV-infected inmates identified through a serological
survey and transmission clusters and drug resistance strains have
been assessed.

Materials and Methods

Subjects

This cross sectional study was conducted as part of a larger
project financed by the Global Fund on Tuberculosis/Brazil.
Between September and November 2009, 1,667 sentenced
inmates incarcerated at the aisles B and C of the Presidio Central
de Porto Alegre (n=4,700), a reference Brazilian correctional
system center located in southern Brazil, were screened for TB and
HIV using commercial-based rapid tests following the Brazilian
Ministry of Health guidelines. The screened subjects represented
approximately 90% of the inmates incarcerated in these two aisles
and 40% of the inmates in the prison. Of the 1,667 inmates tested
for HIV, one hundred and ten (6.6%) tested positive for HIV-1.
Four months later, these 110 inmates were looked for to
participate in this survey, but 70 of them had already been
transferred to another prison or liberated, and only 40 were still in
the prison. A five milliliter sample was further collected from these
40 subjects specifically for the present study. Each enrolled inmate
was individually explained the objectives of the study and agreed
to participate in it and to sign a written informed consent. No
subjects declined to participate in the study. Together with the
blood sample, a questionnaire was applied to each inmate to
collect socio-demographic (age, time of incarceration), behavioral
(illicit drug use, sexual activity within and outside the prison, use of
condoms, tattooing within the prison) and clinical (previous/
current sexually transmitted diseases and other clinical events,
HIV-1 viral load, CD4" T-cell counts, antiretroviral treatment
status, treatment history when applicable) data. Questionnaire
data was compiled in Microsoft Excel for further analyses. This
study and the written consent form were approved by the Ethics
Committee of the RS State Foundation for Scientific Production
and Research (FEPPS-RS), RS State Secretary of Health, and by
the Brazilian National Committee on Ethics in Research

(CONEP).

HIV Molecular Analyses

Blood samples from HIV-seropositive inmates were sent to the
Brazilian Cancer Institute (INCA) at Rio de Janeiro for further
HIV molecular analysis. Plasma was separated by centrifugation,
and the bufly coat was used for genomic DNA extraction with the
QIAamp DNA Mini Kit (QIAGEN, Chatsworth, USA), following
manufacturer’s specifications. Nested PCR reactions were carried
out for the amplification of two HIV genomic fragments of
approximately 900 bp each. The first fragment covered the viral
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protease (PR) and the reverse transcriptase (RT) polymerase
domain (the first 225 RT codons), while the second covered the
RT C-terminal regions (connection - CN and RNase H - RNH).
These fragments were amplified with PCR primers and conditions
previously described [18,19]. In cases where the fragments could
not be successfully obtained, the four HIV-1 pol regions (PR, RT-
pol, RT-CN and RT-RNH were amplified separately as
previously described [18-21]. Amplified PCR products were
visualized in 1% agarose gels and purified with the Ilustra GFX
PCR DNA Purification kit (GE Healthcare, Piscataway, USA),
quantified and labeled with Big Dye Terminator kit (Life
Technologies, Carlsbad, USA) with the same primers used in
the second round PCR. Labeled samples were run in an
automated 3130XL Genetic Analyzer (Life Technologies) and
sequences were edited and assembled with SeqMan (DNAStar,
Madison, USA). HIV-1 sequences suggestive of mixed multiple
variants had their PCR products further subject to DNA cloning
mto pMOS Blue Blunt-Ended plasmid (GE Healthcare) following
manufacturer’s instructions. Recombinant plasmids were trans-
formed into FE.coli DH5a chemically competent cells (Life
Technologies). Colonies were screened for the presence of the
appropriate insert by colony PCR with M13 universal primers,
and positive clones were sequenced and analyzed as described
above. An average of 19 (8-53) clonal sequences was analyzed
from each sample.

All HIV-1 sequences generated herein have been submitted to
the GenBank database and were assigned the accession numbers
K(C286150 to KC286485.

Phylogenetic and Recombination Analyses

HIV-1 sequences in FASTA format were aligned with HIV-1
subtype reference sequences retrieved from the HIV Los Alamos
Database (http://hiv-web.lanl.gov) using BioEdit Sequence Align-
ment Editor v7.0.9.0 [22]. HIV-1 subtype classification of each
query sequence was inferred through phylogenetic analysis by
clustering with specific HIV subtype reference sequences. PhyML
v.3.0 [23] was used for maximum likelihood (ML) analysis using
the best model of nucleotide substitution inferred with Model
Generator [24]. Clade robustness was evaluated with the
approximate likelihood ratio test (aLRT) [25]. The trees generated
were visualized using FigTree v.1.3.1 (publicly available at http://
tree.bio.ed.ac.uk/). Phylogenetic analyses were also performed
using the neighbor-joining (NJ) method and Kimura’s two-
parameter correction with MEGA 5.0 [26] and 1,000 bootstrap
replicates. Sequences not grouped with any HIV-1 subtype/CRF
were subsequently analyzed with the bootscanning tool of Simplot
v.3.5.1 [27] for determining patterns of recombination and the
HIV-1 subtypes involved in the recombination event. The
following parameters were used: window =200 pb; steps = 20 pb;
T/t=2.0; gapstrip=on; replicas=100; Kimura 2-parameter;
Neighbor-Joining. Recombinant strains were further confirmed
by phylogenetic analysis of individual HIV-1 subtype genomic
fragments as suggested by the bootscanning breakpoint analysis (data
not shown).

Transmission Cluster Analysis

For the identification of potential intraprison transmission
clusters, phylogenetic analyses were carried out as described
above with all viral sequences generated herein (either uncloned or
clonal). Sequences were first grouped according to their HIV-1
subtype/recombinant assighment and each group was aligned
with additional HIV sequences from unrelated subjects attending a
public hospital in the city of Porto Alegre (local controls - LC) and
with best matched HIV-1 sequences retrieved in BLAST searches
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with the putative clustered sequences. Inmate HIV sequences were
considered from the same cluster if they grouped together with
high alLRT or bootstrap support without any intervenient LC or
BLAST sequence.

Antiretroviral Drug Resistance Analysis

Viral pol sequences were analyzed for the presence of drug
resistance mutations through genotypic interpretation. Protease
and RT-pol sequences were subject to the Stanford HIV Drug
Resistance algorithm available online at http://hivdb.stanford.
edu/. Drug resistance mutations were analyzed based on the
consensus of the International AIDS Society [28]. For the RT-CN
and -RNH regions, a manual inspection analysis was carried out
and included the following mutations and polymorphisms recently
described and confirmed to impact drug resistance: G335D/C,
N348I, A360V, T3691/V, A371V, A376S, A400T in CN; D488E,
Q509L and Q547K in RNH [18,29-35].

Results

One hundred ten inmates were diagnosed as HIV-infected in a
screening of 1,667 subjects at PCPA, representing a total
prevalence of 6.6%. Of those, a second blood sample from 40
(36%) individuals was available for analysis, and for 38 of the latter
(95%) molecular analysis yielded viral sequence information.

Table 1 summarizes available socio-demographic and clinical
characteristics of the 38 subjects. Median age was 31.5 years
(SD=7.1) and median time of imprisonment was 38 months
(SD = 37.6). Thirty seven (97%) had reported drug use, including
intravenous cocaine use, cocaine inhalation, crack or marijuana.
Ten subjects (26%) reported sexual encounters with commercial
sex workers either previous to or during incarceration, and 14
(37%) had tattooed in prison.

Seventeen (44%) inmates had previous tuberculosis (TB)
infection in the last 12 months (all resolved at the time of sample
collection), and 18 (47%) had history of previous sexually
transmitted diseases (STD). Fourteen subjects (37%) had previous
knowledge of their HIV™ status, and seven (18%) had reported
previous use of antiretroviral therapy. Median CD4" T-cell counts
among previously treated inmates were 269 cells/mm”® of blood,
and those among untreated individuals were 424 cells/microliter.
The median HIV viral load of treated patients was 26,598 copies/
ml, whereas that of untreated subjects was 10,848 copies/ml
(Table 1).

Twenty-nine of the 38 (76%) samples analyzed provided
molecular information for all four HIV genomic regions under
study (PR, RT-POL, RT-CN and RT-RH). Three regions were
sequenced for three samples (8%), two regions for five samples
(13%) and one region for only one sample (3%). HIV-1
classification of the viral isolates based on this information
revealed a complex pattern of HIV-1 subtypes and recombinant
forms: 13 (34%) were subtype C; five (13%) were subtype B; the
remaining 20 (53%) viruses had intersubtype recombinant
structures. These were represented by ten CRF31_BC (26%),
nine URF_BC (24%) and one URF_BCF (3%). All viruses had
their pure or recombinant structure and recombination break-
points (when applicable) confirmed by bootscanning analysis (data
not shown).

Upon sequence analysis, 19 (50%) subjects had unclear
electropherogram peaks, suggestive of infection by multiple
subtypes/variants. These were further subject to clonal analysis
of viral PCR products. However, clonal analyses did not show
further evidence of multiple infections, and only a single variant
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Table 1. Demographic, behavioral and clinical characteristics
of HIV-infected inmates (n=38).

Median age (years) 31.5 (SD* 7.14)

Median time of incarceration (months) 38 (SD 37.6)
Risk behavior
Drug use 37 (97%)
Relations with sex workers before 10 (26%)
incarceration
Tattooing in prison 14 (37%)
Sexually Transmitted Disease (STD) 18 (47%)
before or during incarceration
Do not use/occasional use of condoms 04 (11%)
within the prison
Known HIV* status at study entry 14 (37%)
Clinical characteristics
Previous Tuberculosis 17 (44%)
Antiretroviral treatment experience
Treated 7 (18%)
Untreated 31 (82%)

Median HIV viral load (copies/ml)

Treated 26,598 (SD 51,862)
Untreated 10,848 (SD 59,816)
Total 11,409 (SD 59,816)

Undetectable HIV viral load**
Treated 2
Untreated 1

Median CD4* T-cell counts (cells/mm?)

Treated 269 (SD 210,3)
Untreated 424 (SD 292,2)
Total 391 (SD 288)

*SD - standard deviation.
**<80 copies/ml plasma.
doi:10.1371/journal.pone.0069033.t001

type was found in each sample, confirming the original HIV
subtype classification (data not shown).

To estimate the degree of intraprison HIV transmission chains,
viral strains were separated into subtype-specific groups and were
analyzed phylogenetically for recent common ancestry. Strains
belonging to each of the major subtype/CRF groups (subtype B, C
or CRI31_BC) were aligned with LC sequences of the same
subtype isolated from subjects followed up in a reference hospital
of Porto Alegre (outside the prison). Whereas no two subtype B or
CRF31_BC strains isolated from the prison grouped together, two
subtype C strains (P44 and P46) did cluster with high aLRT
support, suggesting that these strains were part of a transmission
cluster, either through a direct link or by sharing a common
ancestor (Figure 1A). To further assess the robustness of this
suggestive intraprison cluster, both P44 and P46 sequences were
blasted against the database, and the ten best hits were retrieved
for additional phylogenetic inference. Of note, some of the best
hits found in GenBank were common to both P44 and P46
sequences, providing an additional evidence of their relatedness.
However, upon this new phylogenetic analysis, the cluster between
P44 and P46 was split by two database sequences, ruling out the
hypothesis of intraprison direct transmission (Figure 1B).
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Figure 1. Phylogenetic analysis of HIV intraprison transmission clusters. A Maximum likelihood analysis between inmate (P) and local
control (LC) HIV-1 subtype C sequences. P sequences generated in this study are shown in bold face. The clustering of inmate sequences P44 and P46
with high bootstrap support is boxed in red, suggesting a transmission link. In addition to LC sequences from Porto Alegre, reference HIV-1C
sequences retrieved from GenBank are included. An HIV-1B reference sequence was used to root the tree. The aligned region corresponded to
730 bp. Only aLRT values greater than 0.85 are shown. B, Same as in A, except for the inclusion of ten additional sequences retrieved from the
GenBank database which corresponded to the top-ten matched HIV sequences using the P44 and P46 sequences as query in a Blast analysis. The red

line denotes the split between P44 and P46.
doi:10.1371/journal.pone.0069033.g001

The genetic analysis of the HIV pol gene infecting the studied
inmates enabled us to assess their patterns of antiretroviral drug
resistance. Despite the fact that only seven (18%) subjects had
reported previous/current treatment (Table 1), nine (24%) carried
viruses with drug resistance mutations; five were treatment-
experienced, while four were drug-naive (Table 2). Of the latter,
one virus carried the KI103N major non- nucleoside reverse
transcriptase inhibitor (NNRTI) mutation, one carried major
protease inhibitor mutations, and two carried only C-terminal RT
mutations of relevance to NRTI/NNRTT drug resistance (Table 2).

Of note, the HIV strain from patient P46 carried drug
resistance mutations (Table 2) which were not observed in patient
P44, further suggesting strengthening the lack of a direct HIV
transmission event between these two subjects.

Discussion

HIV prevalence within prisons has been consistently reported as
significantly higher than in the respective general population both
in developed and developing settings [5]. However, studies
involving incarcerated subjects are poorly reported in low- and
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middle-income countries. In Brazil, studies conducted in the last
decade reported HIV prevalence rates ranging from 5.7 to 14.5%
in several cities of the Sdo Paulo state, the most populated in the
country [6,36-38]. Our results are in agreement with the lower
values of this range (6.6%), an estimate approximately 8-fold
higher than the one reported to the general male population in the
country [7]. A lower prevalence (2%), however, has been observed
in the Rio de Janeiro state prison system [39]. Despite the fact that
our survey screened nearly 40% of the entire incarcerated
population of the unit, it may not represent the unit spatially, as
only specific aisles (B and C) have been screened. The fact that our
study population was not randomly selected 1s a limitation of our
study, but random selection is operationally difficult in a prison
population. On the other hand, those two aisles harbor all inmates
already condemned, therefore representing a defined incarcerated
population, to which further healthcare implementations can be
effective. Moreover, the reasons underlying the reduction in the
number of inmates with molecular HIV characterization, which
included transfer to other prisons and liberation, have no plausible
relationship with a risk of pertaining to potential transmission pairs
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Table 2. Antiretroviral resistance mutations identified by direct sequencing and by clonal analysis.

K70R,M184V,T215F,K219Q;
NNRTI: A98G, K101P, K103N

SUBJECT MUTATIONS TREATMENT ARV
PR RT CN RNase H
P12 N/S 0 G335D Q547K No X
P21 0 NNRTI: K103N 0 0 No X
P23 0 NNRTI: K103N 0 0 Yes N/A
P28 541V, LOOM 0 0 0 No X
P31 0 0 A371V 0 No X
P33 0 0 A376S 0 Yes N/A
P39 0 NNRTI: K103N 0 0 Yes N/A
P46 L1ov NRTI: M184V; NNRTI: K103N,N348| 0 Yes EFV Biovir
P225H
P54 0 NRTI: D67N, G335D Q509L Yes N/A

In italics, polymorphisms or secondary mutations.
X - not applicable.

0- no mutations.

N/A - not available.

N/S - not sequenced.
doi:10.1371/journal.pone.0069033.t002

or carrying drug resistance mutations. Therefore, we think those
limitations did not influence the results presented herein.

A scenario of HIV-1 subtype C predominance, followed by its
recombinants CRF31_BC and URF_BC was found in the
incarcerated population studied here, which is in agreement with
recent reports conducted in the city of Porto Alegre and in other
areas of southern Brazil [16,17,21,40-42]. These results suggest
that the HIV molecular epidemics found inside this prison is not
distinguishable from that of the local general population, a
consequence of the intense flow between the prison and the
outside population. In particular, the high rate of URF_BC found
here may reflect multiple exposures to HIV of the population
investigated. High-risk characteristics of the subjects under study,
such as drug use (97%), sexual activity with commercial sex
workers (26%) and tattooing inside the prison (37%) are likely to
facilitate the occurrence and detection of these uncommon
molecular findings.

In the present work, we did not find any evidence of intraprison
HIV transmission. Despite one putative transmission pair of HIV
sequences was Initially evidenced (Fig. 1A), a more in-depth
analysis with closely-related sequences from the GenBank data-
base retrieved by Blast split the pair (Fig. 1B). Noteworthy, these
sequences were derived from earlier studies conducted in the city
of Porto Alegre (one characterized by our group [11] and the other
by Passaes et al. [43]), further corroborating the idea that both
inmates were infected while outside the prison. The lack of
correlation between the HIV drug resistance mutation profiles of
both inmates adds to this hypothesis. While the virus from P46
carried multiple mutations (Table 2), the one from P44 only
harbored the G335D polymorphism in the HIV RT connection
domain. Finally, a more detailed assessment of the incarceration
history of the two inmates revealed that P46 had already been
incarcerated for approximately nine years before our survey, and
knew about his HIV* status, while P44 was incarcerated 14
months before the survey, and only became aware of his HIV*
status during our screening. Altogether, such evidence strongly
refutes the initial suggested cluster between these inmates, and
overall no contribution of intraprison HIV transmission could be
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identified in our study. Yet there are only a few studies trying to
address this issue in correctional facilities, a recent study
conducted in central Brazil showed a total prevalence of 25%
(4/16) among HIV-positive male inmates involved in intraprison
viral clusters [9], a scenario distinct from ours. Despite that study
included local controls from the same geographic area in the
phylogenetic analysis like ours, no attempts to split the transmis-
sion clusters have been carried out with the inclusion of Blast-
derived highly-related sequences, what could have rendered the
authors’ hypothesis of linkage more robust.

The results of our study also point out to a high susceptibility of
the study subjects to suboptimal antiretroviral therapy (ART). A
high proportion of HIV strains carrying drug resistance mutations
(24%) were observed, and almost half of the inmates infected with
these strains (4/9) have reported no previous ART exposure. Even
in the most conservative scenario, by not considering the recently
characterized RT C-temrinal mutations), two out of 31 (6%) of
untreated and four out of seven (57%) treated subjects carried
primary resistance mutations. Most importantly, however, was
that six out of the seven (86%) treated inmates were experiencing
virological failure during our survey. In addition to the likely sub-
notification of ARV drug exposure, we can also envisage deficient
ARYV supply, low adherence and irregular medical follow-up as
drivers to those high rates of resistance and virological failure in
this hard-to-reach population, as suggested by the high viral load
and the limited number of subjects with undetectable viral load
among the HIV-infected subjects we investigated.

In conclusion, our study contributes to the unveiling of the
social health conditions the incarcerated population of Brazil are
subject to. Public policy-makers should project into providing
better access to adequate prevention measures, HIV screening at
entry in prison and among already incarcerated inmates,
sustainable access to ARV therapy and laboratorial monitoring,
ARV adherence, medical care and better targeted STD preven-
tion Initiatives to people deprived of freedom in correctional
facilities across the country to reduce intraprison HIV transmis-
sion.
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