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Introduction 
In Brazil, the number of people living with human immunodeficiency virus infection 
(HIV) or the acquired immune deficiency syndrome (AIDS) under combined 
antiretroviral therapy (ART) increased from 231,000 in 2009 to almost 498,000 by 
the end of 2017 [1]. The Brazlian public health system guarantees an universal 
access to all HIV-infected patients and enforces their treatment, measure that has 
been very effective in reducing morbidity and mortality in people living with 
HIV/AIDS (PLHA) in this country. However, the conventional treatment for newly 
infected/detected HIV-1 patients and ART-naive individuals may be compromised 
if resistant strains are responsible for the cause of HIV infection [2]. The 
development of primary ART resistance can lead to treatment failure and 
secondary resistance if conventional ART is used, which may require alternative 
and/or the development of new schemes of ARTs [3], with a possible social 
economic burden to the public health system [4]. The prevalence of transmitted 
drug resistance (TDR) is classified as low (< 5%), moderate (between 5% and 
15%) or high (> 15%) within a specific population in a defined geographic region 
and using a small number of eligible individuals [5]. Low to moderate prevalence 
of TDR has been reported in Brazil, mainly in South and Southeast regions [6-10], 
although some studies have also reported a similar prevalence in the Northeast 
[11-13] and Central regions [14,15]. Soares et al (2003) [16] reported a high 
prevalence of TDR in the Northeast (17%), and a moderate in the Southeast 
(12.8%), Central (10.6%), South (8.5%) and in the North regions (Manaus city; 
8.5%) of Brazil. The prevalence of resistance to nucleoside reverse transcriptase 
inhibitors (NRTI), non-nucleoside reverse transcriptase inhibitors (NNRTI), and  

 
 
protease inhibitors (PI) were 6.9%, 4.9% and 3.9%, respectively. There are only 
three studies about the prevalence of TDR in the largest in area and complex in 
populational area in the North region of Brazil, which were performed between 
2015 and 2017. The first study reported a high prevalence (16.2%) of TDR in 
ART-naive children newly diagnosed with HIV-1 in Manaus, Brazil (13.7% for 
NNRTI, 1.7% for NRTI and 3.4% for PI) [17]. The second study was carried out in 
Amapá in drug-naive HIV-1-infected individuals, which showed a low TDR rate 
(1%) to NNRTI (K103N) [18]. Finally, a third very small study investigated only 12 
drug-naive HIV-1-infected individuals from Roraima, and only one (8.3%) 
presented a TDR to NNRTI (G190A) [19]. Belém, the capital of the state of Pará, 
is one of the main cities in the North region of Brazil and hosts the second largest 
population in this region with 1,446,042 inhabitants in 2016. Between 2007 and 
2017, there were 194,217 cases of infection HIV reported in the whole country. 
The North Region was the fourth (out of five) geographic region in number of 
cases (7.4%) and the state of Pará presented the highest number of individuals 
(5,648 cases) in the North region, followed by the state of Amazonas (4,875 
cases), and Rondônia (1006 cases) [1].  Belém is the main entrance for tourists all 
over the world travelling to the Amazon region, local epidemiology of HIV diversity 
showed a predominance of HIV-1 subtype B infection, followed by F, C, D and 
CRF02_AG [20]. This study aimed to perform a cross-sectional analysis of the 
HIV-1 subtypes and the rate of TDR among newly diagnosed and ART-naive HIV-
infected patients from Belém, Pará, Amazon Region of Brazil. 
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Abstract- The number of people living with HIV/AIDS (PLHA) is growing in Brazil, which also has increased the prevalence of transmitted  drug resistance (TDR). 
Besides that, there is limited information about the HIV-1 diversity in Amazon region of Brazil. The objective of this cross-sectional study was to identify HIV-1 subtypes 
as well as the TDR profile in antiretroviral-naive PLHA from Belém, Pará, Amazon region of Brazil. Blood samples were collected from 41 drug-naive patients to 
determine the virus subtypes according to the HIV-1 protease (PR) gene and part of the HIV-1 reverse transcriptase (RT) gene by sequencing the nucleotides. The 
HIV-1 subtypes were determined using REGA HIV-1 Subtyping tool and phylogenetic analysis. Drug resistance profile was analyzed at the Calibrated Population 
Resistance. The most prevalent HIV-1 clade observed in Belém was the subtype B (80.5%), followed by subtype F1 (12.2%) and BF1 (7.3%). The prevalence of 
transmitted drug resistance was 9.7% and 4.9% was related to nucleoside reverse transcriptase inhibitors; 2.4% was related to protease inhibitors and 2.4% to non-
nucleoside reverse transcriptase inhibitors. This study has shown the low genetic diversity and the high prevalence of HIV-1 subtype B and a moderate prevalence of 
protease/reverse transcriptase primary antiretroviral resistance mutations in Belém, Pará. This preliminary data is important to r eveal the occurrence of primary TDR, 
reinforces the necessity of epidemiological surveillance and monitoring of primary antiretrovi ral drug resistance genotypic mutations in this region. 
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Materials and Methods 
Study Design and Population Examined 
A cross-sectional study in HIV-1-positive newly diagnosed and treatment-naive 
consecutive patients (n=41) was conducted between May and September of 2016. 
Recruitment was performed with patients who were attending the Centro de 
Atendimento em Doenças Infecciosas Adquiridas (CASA-DIA), a reference center 
that provides treatment for HIV/AIDS-infected patients on the local public health 
system. All participants were invited to participate in this study and asked to sign a 
written informed consent form. Demographic data was collected using a semi-
structured interview. The Ethics Research Committee of the Federal University of 
Pará approved this study (CAAE number: 55698216.9.0000.0018). 
Eligible participants were adults (> 18 years old) who attended the HIV/AIDS 
reference center above described and were newly diagnosed with HIV, ART-
naive, and living in the city of Belém, Pará, Brazil. Peripheral blood samples (10 
mL) were collected and transported to the Virology Laboratory of Biological 
Sciences Institute of Federal University of Pará. Plasma and peripheral blood cells 
were stored at −80°C. The count of CD4+ and CD8+ T cells was determined by 
flow cytometry (BD TrucountTM Tubes) in a FACSCalibur flow cytometer (Becton-
Dickinson, New Jersey, USA). Viral load was evaluated by the Abbott Real-Time 
PCR assay using m2000sp (Abbott Molecular Inc., Des Plaines, IL, USA) 
according to the manufacturer’s instructions in the same Laboratory.  
 
HIV-1 DNA amplification and sequencing  
Genomic DNA was extracted from 200 μl of total blood using the BIOPURTM Mini 
Spin Plus (Biometrix Diagnóstica, Brazil), following the manufacturer’s instructions. 
The DNA was quantified using Qubit® 2.0 fluorometer (Invitrogen, Delaware-
USA). The proviral DNA was used as the target for a nested polymerase chain 
reaction (nested PCR) for amplification of partial HIV-1 polymerase gene, 297 bp 
of protease (codons 1–99) and 663 bp of partial reverse transcriptase (codons 11–
231) was performed as previously described [21,22]. Both strands of the HIV RT 
and HIV PR gene were sequenced for three times in both directions using ABI 
Prism BigDyeTM Terminator Ready Reaction Cycle Sequencing kit, version 3.1 
(Applied Biosystems, Foster City, CA, USA). After precipitation of the reaction 
product, the samples were denatured and sequenced in an automated ABI 3130 
sequencer (Applied Biosystems) following the manufacturer’s protocol.  
 
Sequence analysis  
For assessment of data quality and construction of the consensus sequences, the 
sequences obtained were analyzed on the Phred-Phrap software 
(http://asparagin.cenargen.embrapa.br/phph/).  The sequences were aligned and 
edited using the Bioedit Sequence Alignment Editor, version 7.0.9.0 [23].  The 
HIV-1 subtypes were identified using REGA HIV-1 Subtyping tool version 3.0 
[24,25] and by phylogenetic inference using reference sequences obtained from 
Los Alamos HIV (https://www.hiv.lanl.gov/content/index). Phylogenetic trees 
analysis was generated by Maximum-likelihood (ML) and Bayesian Inference (BI) 
with RaxML 7.2.8 [26] and MrBayes 3.2 programs [27], respectively. The best 
model of DNA evolution accord to the data was obtained with jModeltest 2.0 [28, 
29] previously to both analyses. Branch confiability was estimated through 
approximate likelihood ratio test (aLRT), while the support was generated by 
1,000 pseudoreplicas of bootstrap for the ML. For BI, three independent runs, 
each with four chains, were computed for 1,000,000 generations with one sample 
every 100 generations, with the first 10% of samples discarded as burn-in after 
checking the run in Tracer 1.5 [30]. The identification of possible recombinants 
was evaluated by SimPlot 3.5.1 software [31] and RIP Recombinant Identification 
Program 3.0 [32] when subtypes in the PR and RT fragments were discordant. 
TDMs were analyzed according to the Calibrated Population Resistance version 
6.0 (CPR tool, http://cpr.stanford.edu/cpr.cgi).  
 
Results  
The median age of participants was 36.4 years (range: 19–66 years), with 29 
males (70.7%) and 12 females (23,3%). Nineteen individuals (46.3%) reported 
heterosexual unprotected sex as a possible contamination, 12 (29.3%) were men 
who have sex with men (MSM) and one participant (2.4%) believed that got HIV 

infection through intravenous drug use. The first positive HIV serology to the data 
collection was an average of 63 days (ranging from 19–127 days). Partner HIV-
infected was related by 10 participants (24.4%) and other sexually transmitted 
infections (syphilis, gonorrhea and herpes) were reported by 16 (30.0%) 
participants. Regarding the sexual partners, 58.5% (24/41) reported having just 1 
partner, while 34.1% (14/41) reported having multiple partners. Ten subjects 
(24.4%) reported partners from other states of Brazil (Amapa ́, Maranha ̃o, 
Tocantins, Bahia, Pernambuco, Rio de Janeiro, Sa ̃o Paulo and Parana ́) and 
12.2% (5/41) reported partners from other counties (Venezuela, Suriname, Bolivia, 
Mexico, Canada, France and Germany). The average CD4+ T cells count was 367 
cells/μl (range: 13–1,096 cells/μl) and 29 (70.7%) participants had T cell count 
below 500 cells/μl. The average plasma viral load was 159,481 copies/ml (range: 
5,187–744,942 copies/ml). The complete information about demographic data is 
available in Table 1. 
 
Table-1 Socio-demographic and laboratory tests characteristics of ART-naive 
people living with HIV/AIDS from Belém, Pará, Northern Brazil, between May and 
September 2016. 

Characteristics n (%) 

Sex  

Male 29 (70.7) 

Female 12 (29.3) 

Age (years)  

18 - 20  4 (9.8) 

21 - 30  12 (29.3) 

31 - 40  13 (31.7) 

> 40 12 (29.2) 

Exposure category  

HTS 19 (46.3) 

MSM 12 (29.3) 

Bisexual 9 (00.0) 

Occupational accident 1 (2.4) 

CD4+ T cells  

< 200 cells/μL 10 (24.4)                                         

201-500 cells/μL 19 (46.3)                                                    

> 500 cells/μL 12 (29.3) 

HIV-1 RNA viral load  

1,000-10,000 copies/mL 3 (7.3)                                               

10,001-100,000 copies/mL 22 (53.7)                                             

> 100,000 copies/mL 16 (39.0) 

HTS: heterosexual; MSM: man who have sex with man. 
 
The subtype B (BPR/BRT) was the most prevalent (33/41; 80.5%), followed by sub-
subtype F1 (F1PR/F1RT) in 12.2% (5/41) and recombinant forms BF1 (BPR/F1RT or 
F1PR/BRT) in 7.3% (3/41). The phylogenetic analysis is showed in Figures 1A and 
1B. The prevalence of TDR was 9.7% (4/41) and mutations associated with 
resistance to NRTI were the most frequent (4.9%; 2/41; including mutations 
M184I, M41L and T215E). The prevalence of NNRTI was 2.4% (1/41; mutation 
K103N) and to PI was 2.4% (1/41; mutations M46I and I85V). Three isolates were 
subtype B (BPR/BRT) and one was subtype F1 (F1PR/F1RT). The mutations found in 
the study are detailed in Table 2, which also presents the epidemiologic and 
laboratory data of these patients. Two or three-class resistance was no found. 
 
Discussion  
Primary ART resistance can become a problem for newly-infected HIV patients 
and it can result from infections with viruses caring drug resistance. The HIV TDR 
may compromise patients treatment and the establishment of its prevalence is 
fundamental for understanding the response of treatments. In this study, we 
identified a 9.7% TDR prevalence in newly-infected ART-naïve HIV infected adults 
from Belém, Pará, North region of Brazil. According to the WHO [4], this is 
considered a moderate prevalence, which was similar to most studies carried out 
in other regions in Brazil [33-40]. Simultaneous multiple resistance mutations to 
more than one pharmacological drug class was not found. The presence of 
specific mutations is known to confer resistance to certain drugs used in the ART 
for HIV/AIDS treatment. 
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Fig-1 Phylogenetic analysis of the protease (A) and reverse transcriptase (B) 
fragments of HIV-1 isolates obtained from newly-diagnosed and ART-naive 
patients from Belém, Para, Northern Brazil. Isolates characterized in this study 
(black circle) were compared to HIV-1 reference sequences of group M subtypes 
(B, C, D, F1, G, H, J and K) available in the Los Alamos database. Support values 
for BI and ML, both higher than 0.7 and 70, are presented before and after the 
slash, respectively. The subtype O sequence (O CM AB485666) was used as an 
outgroup. 
 
Table-2 Individuals with drug resistance mutations of antiretroviral-naive people 
living with HIV/AIDS from Belém, Pará, Northern Brazil, between May and 
September, 2016. 
    Mutations  

Patient ID Sex Age Exposure 
category 

NRTI NNRTI PI Subtype 
(PR/RT) 

BRPA-25913 F 28 Hetero M184I   B/B 

BRPA-25920 M 38 MSM   M46I, 
I85V 

B/B 

BRPA-25940 F 44 Hetero  K103N  F1/F1 

BRPA-25969 M 25 MSM M41L, 
T215E 

  B/B 

 M: male; F: female; MSM: men who have sex with men; Hetero: heterosexual; 
NRTI: nucleoside reverse transcriptase inhibitors; NNRTI: nonnucleoside reverse 
transcriptase inhibitors; PI: protease inhibitor; PR: protease region; RT: reverse 
transcriptase region.  
 
For instance, the mutation M184V/I causes high drug resistance to lamivudine 
(3TC) and emtricitabine (FTC) and a level low of drug resistance to didanosine 
(ddI) and abacavir (ABC) [41-43]. We found mutations associated to drug 

resistance to NRTI which were identified as the M184I, M41L and T21SE. M41L 
and T21SE were from thymidine-associated mutations (TAM) I and found in two 
subtype B (BPR/BRT) isolates. The M41L substitution generally takes place in 
combination with T215Y, which together provide a high resistance level to ddI and 
stavudine (d4T), and low/intermediate to ABC, ddI and tenofovir (TDF). 
Identification of the T215E variant was an important finding because of individuals 
infected with resistance strains containing the 215Y/F mutation develop viruses 
with revertant mutations at the position 215 (T215S/C/D/E/I/V/N/A/L) [44-46]. Most 
T215 revertant do not reduce directly the susceptibility to drugs, but when 
associated to a higher chance of viral failure in patients whose regimes contain 
AZT and d4T [47]. Other TDR studies in Brazil have reported this mutation type in 
antiretroviral therapy-naive patients [8,11,14,34]. There was only a single mutation 
resistance to NNRTI found in this study, the K103N, which provides high 
resistance to nevirapine (NVP) and efavirenz (EFZ). K103N mutation was found in 
an isolated from sub-subtype F1 (F1PR/F1RT). Its tracking in antiretroviral therapy-
naive patients is highly important, taking into consideration that EFV is currently 
the NNRTI primarily chosen in ART top-notch in Brazil, and NVP is the alternative 
to EFV use [48]. The mutations to PI (M46I and I85V) were found in an isolated 
subtype B (BPR/BRT), where M46I is a primary mutation that can result in 
decreased susceptibility to each of the PI, except darunavir (DRV), whereas the 
I85V mutation produces minimal effects in PI resistance [45]. This isolate also 
presented the polymorphism A71V, possibly playing a compensatory role by 
increasing the viral replication capacity [45,49,50]. The two previous studies that 
analyzed virologic failure undertaken in Belém with PLHA also demonstrated 
mutations in ITRN (M184V, M41L, T215Y), ITRNN (K103N and P225H) and PI 
(M46I, Y82A and 154V) [51,52]. Majority of TDR studies in Brazil came from the 
Southeast region of Brazil [6,8,37,39,53,54], and just a few papers were originated 
in the North region [18,34,55], which demonstrates the lack of information about 
TDR in this region. In Brazil, the distribution of HIV-1 subtypes is very 
heterogeneous among different regions, with many subtypes, such as B, F1, C, A, 
D and several recombinant forms such as CRF02_AG, CRF_BF and CRF_BC 
[36,52,56,57], previously described. In our study, the subtype B (BPR/BRT) was 
identified as the most prevalent, followed by subtype F1 (F1PR/F1RT) and the 
recombinant subtype BF1 (BPR/F1RT) or (F1PR/BRT). These results are similar to 
those described in preceding studies in this region [20,51], where the subtype B 
was the most prevalent (80-88%), followed by sub-subtype F1 (4.2-9.3%) and 
recombinant BF (3.2-4.0%). Our results resemble those found in studies 
performed in other Northern states like Amazonas [51,58], Tocantins [34] and 
Amapá [18,20].  The subtype B, F1 and recombinant BF were also described in 
these states. Conversely, other recombinant subtypes (D, C, A1, and the 
recombinant forms CRF_BC and CRF02_AG) which were commonly described in 
other investigations in Northern Brazil were not found in our study 
[18,20,34,51,52,58], possibly because of the reduced sample. A recent study of 
genetic variability of circulating HIV-1 in Northern Brazil [59], which included the 
States of Acre, Amazonas, Pará, Rondônia and Roraima, showed some BF 
recombinant subtypes that haven´t been described in Southern Brazil. These 
samples can represent new CRF_BF subtypes undescribed in this country. The 
current study presents some limitations, especially due to the sample size, and 
also due to the proviral DNA used, since this could present hypermutation 
mediated by APOBEC3GIF, a defense mechanism of host responsible for the 
mutations induction of type G→A in the viral genome during the reverse 
transcription [60]. However, some studies have showed similarities in the results 
about mutation resistance obtained from viral RNA and proviral DNA, making the 
former use higher in developing countries [61,62]. 
  
Conclusion 
In conclusion, this study has found a moderate TDR level in newly-diagnosed and 
antiretroviral-naïve PLHA in Belém, Brazil. It suggests that some patients will not 
show satisfactory response to conventional treatment.  
 
Application of research: This reinforces the necessity of continuous 
epidemiologic surveillance and monitoring the resistance levels of TDR in this city, 
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especially because of the large use of ART and the increasing number of PLHA in 
Brazil. 
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