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Virologic failure may occur because of poor treatment adherence and/or viral drug resistance mutations (DRM). In Brazil, the
northern region exhibits the worst epidemiological scenarios for the human immunodeficiency virus (HIV). Thus, this study is
aimed at investigating the genetic diversity of HIV-1 and DRM in Manaus. The cross-sectional study included people living
with HIV on combined antiretroviral therapy and who had experienced virological failure during 2018-2019. Sequencing of the
protease/reverse transcriptase (PR/RT) and C2V3 of the viral envelope gp120 (Env) regions was analyzed to determine
subtypes/variants of HIV-1, DRMs, and tropism. Ninety-two individuals were analyzed in the study. Approximately 72% of
them were male and 74% self-declared as heterosexual. Phylogenetic inference (PR/RT-Env) showed that most sequences were B
subtype, followed by BF1 or BC mosaic genomes and few F1 and C sequences. Among the variants of subtype B at PR/RT,
84.3% were pandemic (BPAN), and 15.7% were Caribbean (BCAR). The DRMs most frequent were M184I/V (82.9%) for
nucleoside reverse transcriptase inhibitors (NRTI), K103N/S (63.4%) for nonnucleoside reverse transcriptase inhibitor (NNRTI),
and V82A/L/M (7.3%) for protease inhibitors (PI). DRM analysis depicted high levels of resistance for lamivudine and efavirenz
in over 82.9% of individuals; although, low (7.7%) cross-resistance to etravirine was observed. A low level of resistance to
protease inhibitors was found and included patients that take atazanavir/ritonavir (16.6%) and lopinavir (11.1%), which
confirms that these antiretrovirals can be used—for most individuals. The thymidine analog mutations-2 (TAM-2) resistance
pathway was higher in BCAR than in BPAN. Similar results from other Brazilian studies regarding HIV drug resistance were
observed; however, we underscore a need for additional studies regarding subtype BCAR variants. Molecular epidemiology
studies are an important tool for monitoring the prevalence of HIV drug resistance and can influence the public health policies.

1. Introduction

Since 1996, Brazil has offered free combined antiretroviral
therapy(cART) to all people living with HIV/AIDS
(PLWHA) regardless of the TCD4+ cell count—and has

adopted innovative actions over the years, mainly in primary
care [1, 2]. In cART, the drugs used act on different viral tar-
gets, and this therapy has brought significant advances in the
treatment of PLWHA, such as a fast reduction of the viral
load and their more extended maintenance, followed by a
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significant increase in the TCD4 lymphocyte counts [3, 4].
This has led to better quality of life, with individuals achiev-
ing immunological stability and a consequent reduction in
the incidence of opportunistic infections and HIV/AIDS-
related deaths. Another benefit that stems from the suppres-
sion of HIV replication is the reduced possibility of HIV
transmission [5, 6].

Treatment failure in HIV therapy can be related to the
presence of drug resistance mutations, drug intolerance,
and low adherence to therapeutic regimens causing subopti-
mal ARV dosage, as well as anthropogenic aspects [7, 8] such
as physical, psychological, social, or cultural aspects [9]. In
addition, the use of ARVs with a low genetic barrier for resis-
tance in the first therapeutic regimen may favor the rapid
selection of DRMs [10]. Virological failure is actually defined
by the presence of detectable viral load ðVLÞ ≥ 500 copies/ml
after at least six months of cART; hence, HIV-1 genotyping
is recommended in order to verify the presence of acquired
DRMs [11–13]. Depending on the type of DRM, crossresis-
tance to another ARV of the same class could be verified, as
reported for thymidine analog mutations (TAMs). TAMs
confers crossresistance to nucleoside analogues, potentially
affecting first cART regimens, as may prevent the use of
another NRTI in subsequent regimens, and could result in
the replacement of the ARV class. [14–17].

Despite advances in HIV treatment in Brazil, the North
and northeastern regions registered an increase in the AIDS
detection rate between 2009 and 2019. In the Amazonas
state, detection arose from 31.7 to 34.8 per 100,000 habitants
in this period, despite of a 4.5% decrease in the AIDS mortal-
ity rate (6.7 to 6.4 per 100,000 habitants). In 2019, Manaus
occupied third place in the mortality coefficient rankings
(10.5 per 100,000 habitants) and fifth place in AIDS detection
rate rankings (54.7 per 100,000 habitants) [18].

The genetic diversity of HIV-1 found in the northern
region is little distinct from other regions in Brazil [19], char-
acterized mainly by the prevalence of subtype B (63-92%),
subtype F1 (0-14%), subtype C (0-6%), BF1 (4-18%), and B
C (0-8%) [20–24]. Contrasting to other Brazilian regions,
high prevalence of BCAR variant (14.4%) was verified in this
region [25]. The studies about subtype B variants have been
focusing in epidemiological aspects; however, the possible
impact in the pathogenesis or acquisition of DRM was not
investigated.

This problematic epidemiological scenario, along with
little data concerning HIV-1 diversity and DRMs in Manaus,
led us to investigate these topics in individuals with virologi-
cal failure ongoing cART schemes.

2. Material and Methods

2.1. Study Subject Characteristics and Ethical Aspects. This
cross-sectional study included 100 individuals with positive
HIV-1 serology, who were older than 18 years of age, under-
going antiretroviral therapy for at least six months and pre-
senting virologic failure (viral load ≥ 1000 copies/ml of
plasma), receiving a medical request for HIV-1 genotyping
following the guidelines of the Brazilian Ministry of Health
at the time of the study. All individuals were included in

the study and had their samples collected between 2018 and
2019.. All subjects were treated at the Tropical Medicine
Foundation-Heitor Vieira Dourado (FMT-HVD), Manaus,
Amazonas state, Brazil. Demographic and clinical data were
collected using a structured questionnaire. A sample of 4ml
of whole blood was collected by venous pulse, and the sam-
ples were processed for plasma separation and stored at
-80°C until RNA extraction. The study was approved by the
Ethical Review Board, IOC/FIOCRUZ under CAAE
87171018.4.0000.5248 protocol, the FMT-HVD under
approval CAAE 87171018.4.3001.0005, and all subjects gave
written informed consent in accordance with the Declaration
of Helsinki.

2.2. RNA and RT-PCR Extraction. Extraction of genetic
materials was performed using the QIAamp RNA mini kit
(Qiagen, Germany) following the manufacturer’s instruc-
tions. This was followed by reverse transcription of RNA to
obtain cDNA using MMLV enzyme (Invitrogen, Carlsbad,
CA) protocol with specific external reverse PCR primers for
each gene target.

2.3. Amplification, Purification, and Sequencing of PR/RT and
C2-V3. The pol region was amplified by nested PCR with ini-
tial primer G17S (AAAAAGGGCTGTTGTTGGTGGAAT
GTGGA)/MMRTR6 (TTTTACATTAGTGTGGG) and
MMRTR5 (TAAATTTGATATGTCCATTG)/MMRT10
(CAGGCTAATTTTTTAGGGAA) generating a final frag-
ment of 1478 bp (positions 2077-3574 relative to HXB2).
For the env region, we used the external primers ED5
(ATGGGATCAAAGCCTAAAAGCCATGTG)/ED12
(AGTGCTTCCTGCTGCTCCCAAGAACCCAAG) and
ED31(CCTCAGCCATTACACAGGCCTGTCCAAA
G)/ED33 (TTACAGTAGAAAAATTCCCCTC) generating a
final fragment of 563 bp (positions 6816-7380 relative to
HXB2), as described by Delwart et al. and Delatorre et al.
[26, 27]. The cycling protocol for both study regions was
94°C for 2 minutes for initial denaturation, followed by 35
cycles of 94°C for 30 seconds, 55°C for 30 seconds, and
72°C for 2 minutes, with a final extension of 10 minutes at
72°C.

The amplified PCR products were purified using the
Illustra GFX PCR DNA and Gel Band Purification Kit (GE
Healthcare, United Kingdom) following the manufacturer’s
instructions. The products were subsequently subjected to
sequencing using ABI BigDye Terminator v.3.1Cycle
Sequencing Ready (Applied Biosystems, United States). The
samples were sequenced in the ABI Prism 3130 automatic
sequencer (Applied Biosystems).

2.4. Sequence Analysis. The sequences were edited using Seq-
Man software of the DNASTAR 4.0 program and aligned by
Clustal W in the MEGA 6.0 program together with corre-
sponding reference sequences of the different HIV-1 sub-
types obtained from the Los Alamos database (http://hiv
.lanl.gov). The final pol (partial PR/RT) and env (partial
gp120) alignments contained a 1260 nucleotide (nt) (posi-
tions 2254-3514 relative to the HXB2) and a 397nt fragment
(positions 6858-7225 relative to the HXB2), respectively.
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The phylogenetic analysis was performed based on the
neighbor-joining method and the Tamura-Nei substitution
model. The bootstrap test with 1,000 replicates was used to
estimate the confidence level of the branching on the phylo-
genetic tree. Possible recombinant sequences were detected
via bootscan analysis, which was performed using the Sim-
plot 3.5.1 program. These analyses were performed on a slid-
ing window of 200nt moving in 10 nt steps. For the
characterization of the BBR variant in the C2V3 region, an
amino acid sequence was obtained by the translation of the
env alignment using MEGA, and all sequences showing the
GWG motif at the top of loop V3 were considered. The Bra-
zilian HIV-1 B pol sequences were aligned using the Clustal
W in the MEGA program, with reference B (Pandemic or
Caribbean) sequences, and the positions associated with
DRMs were removed. The analysis was performed using
the maximum likelihood (ML) method in the PhyML pro-
gram, and the FigTree v1.4.0 program was used for confec-
tion and visualization of the phylogenetic trees.

Analysis of PR/RT resistance mutations was performed
for each sequence on the Stanford HIV Drug Resistance
Database website (http://hivdb.stanford.edu/). All major
resistance mutations from the updated list on this site were
considered (https://hivdb.stanford.edu/pages/download/
resistanceMutations_handout.pdf and https://www.iasusa
.org/resources/hiv-drug-resistance-mutations/). The suscep-
tibility of each sequence to the ARV was also determined
using the HIVdb Program from the Stanford HIV Drug
Resistance Database. However, concerning the resistance
level to the ARV only the high-level resistance was applied.

The genotypic prediction was used to infer the use of
CCR5 and/or CXCR4 coreceptors. The prediction was per-
formed based on the amino acid sequence of the V3 region
of the gp120 of the envelope of each sequence using the pro-
gram Geno2pheno (available at https://coreceptor
.geno2pheno.org/), with a false positive cut-off rate of 10%
according to the European Tropism Test guidelines.

2.5. Statistical Analyses. The data were analyzed using the
GraphPad Prism software version 5 and the R software, with
a significance level set at P < 0:05. Statistical comparisons
between and within groups were made using Fisher’s exact
test, the Mann–Whitney test, and the Kruskal-Wallis test
when appropriate.

3. Results

3.1. Epidemiological and Clinical Data.Of the 100 individuals
enrolled in the study, we were able to amplifiy 95% at the
PR/RT region and to sequence 92% of them. From those 92
individuals, approximately, 72% were male, with an average
age of 40 (31-46) years, and approximately, 95% were resi-
dents of Manaus, the capital of the Amazonas state. Regard-
ing sexual orientation, 74% declared themselves
heterosexual, 19% as homosexual, and 6% as bisexual. The
median viral load (log) was 4.4 (IQR 4-5), and the median
CD4+ count was 168 cell/mm3 (IQR 50.5-342.5) at the time
of sample collection. The patients from this cohort presented
a mean of six years (IQR 4-7) receiving cATR, 57.6% of them

were receiving their first treatment, and 42.4% had already
undergone treatment changes (TARV). From the 92 (PR/RT)
analyzed individuals, only 78 (84.8%) sequences were deter-
mined in the envelope region. Thus, according to the phylo-
genetic inference of the combined pol (RT/PR) and env
regions together, it was possible to classify these 78 HIV-1
(pol/env) sequences as 68.5% subtype B/B, F1/F1 (1.1%),
and C/C (1.1%), and 14.1%were mosaic genomes, for which
13% BF1 and 1.1% BC. However, for the remaining 14
sequences (15.2%) obtained only in the pol region, 14.2%
were subtype B, and 1% was subtype C. Regarding the
HIV-1 subtype B variants, 84.3% were classified as pandemic
and 15.7% as Caribbean in the pol region, and 5.1% were Bra-
zilian variants (BBR) in env. The bioinformatic analyses were
able to predict that the viral tropism found in the sequences
of the env region demonstrated that about the majority
(66.7%) of the 78 studied individuals sequenced at env region
had the R5 virus at the time of the sample collection.

Among the 92 studied individuals, DRMs were observed
in 82 sequences (89%), from those 91.5% presented DRMs
associated with NRTI (n = 75) and 84.1% with NNRTI
(n = 69) (Figure 1). All patients were taking NRTIs at the
time the genotyping test was done, with 3TC being used by
92.6% of the individuals (n = 76/82) and TDF by 84.1%
(n = 69/82). Concerning NNRTIs, all individuals had already
used EFV; however, only 63.4% (n=52/82) were currently
using this ARV at the collection time (Table 1). The most fre-
quently detected DRMs were M184I/V (68/82; 82.9%),
K70E/R (16/82; 19.5%), and T215F/Y (17/82; 20.7%) to
NRTI and K103N/S (51/82; 62.1%), P225H (15/82; 18.2%),
and V106A/I/M (11/82; 13.4%) to NNRTI (Figure 1). Thymi-
dine analog mutations (TAM) were detected in 35.4% of the
individuals [17.1% (14/82) TAM-1 (including M41L,
L210W, and T215Y) and 20.7% (17/82) TAM-2 (including
D67N, K70R, T215F, and K219Q/E)].

Only half of the individuals had used PI (n = 46/82), only
17% of individuals presented DRMs associated with protease
inhibitors (n = 14), and the most frequent mutations were
V82A/L/M (6/82; 7.3%) and I54L/M/V (5/82; 6%), L90M
(4/82; 4.8%), and M46L/I (4/82; 4.8%) (Figure 1). ATZ/r
was the most ARV used at the time of the genotyping test
(23.1%, n = 19/82) (Table 1). Concerning the resistance
mutations, the most prevalent inter-ARV class combinations
were M184/K103 and M184/K103/P225 (12.1% each) and
M184/K70/K103 (8.5%). Multidrug resistance mutations
were verified in 72% to NNRTI/NRTI, 5% NRTI/PI, and
3% NNRTI/NRTI/PI.

High resistance level to NRTI class was verified in 85.3%
(n = 70/82), being most of them 82.9% (n = 68/82) among
those under 3TC use, and the M184I/V mutation was pre-
sented in all of them. However, only 6 from those 70 individ-
uals that were taking TDF (8.5%) had high resistance level
against TDF, despite its high use (Table 1), in the same way
as high resistance level was detected just in 6 from those 46
individuals that were taking PI (13.0%). TDF remained
acceptable as for being used for most of the individuals stud-
ied (91.5%), as well as the DRV to all individuals (Table 1). In
regard to NNRTI, high ARV resistance level was detected in
approximately 90.0% of them, representing 64 of those 71

3BioMed Research International

http://hivdb.stanford.edu/
https://hivdb.stanford.edu/pages/download/resistanceMutations_handout.pdf
https://hivdb.stanford.edu/pages/download/resistanceMutations_handout.pdf
https://www.iasusa.org/resources/hiv-drug-resistance-mutations/
https://www.iasusa.org/resources/hiv-drug-resistance-mutations/
https://coreceptor.geno2pheno.org/
https://coreceptor.geno2pheno.org/


0

A
62

V
D

67
D

/N
F7

7L
K2

19
Q

/E
K6

5R
K7

0E
/R

L2
10

W
L7

4I
/V

M
18

4I
/V

M
41

L
T2

15
F/

Y

T6
9D

V
75

I
Y1

15
F

20

40

Pe
rc

en
ta

ge 60

80

100
NRTI

(a)

A
98

G
E1

38
A

F2
27

L

H
22

1Y

K1
03

N
/S

L1
00

I
L2

34
I

M
23

0L
P2

25
H

V
10

8I
V

17
9D

/L
Y1

81
C/

I
Y1

88
C/

L

V
10

6A
/I/

M

K1
01

E/
H

/P

G
19

0A
/E

/S

0

20

40

Pe
rc

en
ta

ge 60

80

100
NNRTI

(b)

D
30

N

F5
3L

G
73

S/
T

I4
7V

I5
0V

/L

I8
4V

K2
0T

L9
0M

M
46

I/L

N
88

D

Q
58

E

T7
4P

V
32

I

V
82

A
/L

/M

I5
4L

/M
/V

Pe
rc

en
ta

ge

PI

0

20

10

40

60

80

100

(c)

M
41

L

L2
10

W

T2
15

Y

D
67

N

K7
0R

T2
15

F

K2
19

Q
E

TAMs

TAM 1 TAM 2

Pe
rc

en
ta

ge

0

20

10

40

60

80

100

(d)

Figure 1: Frequency of HIV-1 drug resistance mutations according to inhibitor class and TAMs detected in 82 individuals. (a) DRM to NRTI:
nucleoside reverse transcriptase inhibitors (91.5%, n = 75/82). (b) DRM to NNRTI: nonnucleoside reverse transcriptase inhibitor (84.1%, n
= 69/82). (c) DRM to PI: protease inhibitors (17%, n =14/82). (d) Thymidine analog mutations TAM [TAM-1 (n = 14), TAM-2 (n = 17)].

Table 1: Prevalence of ARV used at any time during treatment and current in use, prevalence of the most prevalent DRMs to each ARV class
in relation to the ARV current in use, and percentage of individuals with high ARV resistance related to the ARV used.

ARV ARV used, n (%) ARV current in use, n (%)
Drug resistance mutation, n (%)

ARV high resistance level, n (%)
M184I/V K70E/R T215F/Y

Total NRTI 82/82 (100) 82/82 (100) 68/82 (82.9) 16/82 (19.5) 17/82 (20.7) 70/82 (85.3)

3TC 82/82 (100) 76/82 (92.6) 68/82 (82.9)

TDF 70/82 (85.3) 69/82 (84.1) 6/70 (8.5)

AZT 41/82 (50.0) 5/82 (6.0) 9/41 (21.9)

K103N/S V106A/I/M P225H

Total NNRTI 71/82 (86.5) 48/82 (58.5) 51/71 (71.8) 11/71 (15.4) 15/71 (21.1) 64/71 (90.1)

EFV 71/82 (86.5) 52/82 (63.4) 64/71 (90.1)

V82A/L/M I54L/M/V M46L/I

Total PI 46/82 (50.0) 26/82 (31.7) 5/46 (10.8) 5/46 (10.8) 4/46 (8.6) 6/46(13.0)

LPV 18/82 (21.9) 1/82 (1.2) 2/18 (11.1)

ATZ/r 24/82 (29.2) 19/82 (23.1) 4/24 (16.6)

DRV 6/82 (7.3) 4/82 (4.8) 0 (0)

ARVs: 3TC: lamivudine; EFV: efavirenz; TDF: tenofovir; AZT: zidovudine; AZT/r: atazanavir/ritonavir; DRV: darunavir; LPV: lopinavir; PI: protease inhibitors.
ARV resistance inputted according to high resistance level in the Stanford HIV Drug Resistance database (https://hivdb.stanford.edu/).
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individuals who were taking EFV, and mutations K103N/S
(71.8) and P225H (21.1%) were the most prevalent among
them. Among those individuals under use of NRTIs, cross-
over DRM confers high resistance level to abacavir in 47.5%
of them, as well as for the 71 individuals under use of
NNRTIs, and high resistance of 66.4% was verified to nevira-
pine, followed to 39.4% to rilpavirine, 19.7% to doravirine,
and only 7.7% to etravirine (data not shown).

While analyzing the resistance profile of individuals with
BCAR and BPAN variants, the heat map showed that the most
frequent mutations in subtype B variants were M184I/V
(NRTI) and K103N/S (NNRTI), and these also presented
similar prevalence in both groups (Figure 2(a)). Despite the
low frequencies of TAMs in the general group below 20%

(Figure 1), when we compared them among BCAR and BPAM
, it was possible to observe that the TAM-2 mutational pat-
tern was more present (P = 0:0294) in the BCAR variants
(Figure 2(b)) and TAM-1 in the BPAM variants (P = 0:1000).

4. Discussion

Even though the northern region has presented one of the
worst HIV epidemiological scenarios in Brazil in the last
few years, there has been scarce surveillance of epidemio-
logical and molecular resistance. In the present study
regarding HIV-1 individuals failing cART individuals, the
epidemiological data, genetic HIV-1 diversity,, and fre-
quency of DRMs and their ARV used were analyzed. We
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Figure 2: Comparison of DRMs among subtype B variants: BCAR (n = 13) and BPAN (n = 61). (a) Heat map of the different classes of
antiretroviral drugs: protease inhibitors (PI), nucleoside reverse transcriptase inhibitors (NRTI) and nonnucleoside reverse transcriptase
inhibitors (NNRTI), and the frequency of drug-resistant mutations. (b) Profile of mutation pathways associated with thymidine—TAMs
(TAM-1 BCAR (n = 1) and BPAN (n = 10) and TAM-2 BCAR (n = 5) and BPAN (n = 9) between subtype B variants). Statistical analysis using
the Mann–Whitney test: TAM-1 (P = 0:1000) TAM-2 (P = 0:0294).
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observed both high prevalence of individuals with virologic
failure without DRMs and also elevated frequency of
DRMs, which can lead to an increase of TDRM (transmit-
ted DRMs) and in HIV transmission in the region, as has
been recently observed [28].

The general male-to-female ratio (M/F) detected was 2.5,
in agreement with a 2.3 rate observed in 2018 in Brazil on a
national level [18], and in 2011 in the state of Amazonas dur-
ing the 2001-2012 HIV/AIDS epidemic [29]. Our results
show a higher prevalence of heterosexual individuals. This
category represents 71% of the study males, in contrast with
the 31.4% observed nationally from 2007 to June 2019 in
males over 13 years [18] .

Our results show a high prevalence of HIV-1 subtype B
and a very low presence of subtypes F1 and C, as previously
reported in other studies in the state of Amazonas [21, 22,
30, 31]. An increased number of HIV BF1 recombinant
forms (13%) were verified when compared to other studies
based on the pol region (4.3%-10%), mainly because of the
inclusion of the env region in the analysis. Caribbean variants
of subtype B pol viruses were detected in the high rate of
15.7% when compared to other Brazilian regions, which goes
in agreement with the 22% previously report at the same
Amazon region [32]. A low prevalence (5.1%) of the BBR var-
iant of HIV-1 subtype B (env) was observed [33], in contrast
with 20-60% found in studies from other regions in the
country [34–37].

The majority of the patients in our study had T CD4
counts below 200 cells/mm3 even when under a longer period
of cART. This could be the result of a long virologic failure
period until HIV genotyping and ARV replacement and also
due to a late arrival of the individuals to care and conse-
quently late HIV diagnosis. This may be demonstrated by
the low CD4 count when analyzing the immune status of
patients presenting for the first time, where half of patients
showed CD4+ T cell counts below 350/mm3 and one-third
below 200/mm3 at the initial HIV diagnosis [38]. These
results also indicate a significant advance in the progression
of the infection to AIDS in these individuals.

Concerning the viral tropism based in the sequences of
the env region, we found that about 33% of the viruses pre-
sented X4 tropism; when considering only HIV-1 subtype B
env (n = 66), the X4 virus was verified in 38% of the individ-
uals, which is very similar to previous reports of 40% of sub-
type B virus switching during disease progression [39, 40].
On the other hand, 66.7% of the analyzed samples in our
study still had R5 viral tropism and could be eligible for res-
cue therapies involving the use of maraviroc, as described by
Bon et al. [41].

The studied individuals show high prevalence of DRMs
associated with to NRTI (91%) and to NNRTI (84%). Other
Brazilian studies have documented an increase in NNRTI
DRMs over time, as well as the decrease in the rate of DRMs
for NRTI [38, 42]. The increase of NNRTI resistance is
mainly correlated to the presence of the K103N mutation,
which was detected in 71.8% of individuals that use NNRTI,
as also previously described [24]. The prevalence of K103N/S
in our study (63.4%) was higher than the mean of 40%
detected for the five largest Brazilian cities (São Paulo, Rio

de Janeiro, Espirito Santo-Southeast region and Bahia and
Ceará-Northeast region) and also in Belém, another city in
the northern region [24, 38]. An elevated frequency of
M184V (75%) was also detected herein, as well as in the study
conducted in Belém [24]; this has ranged from 54.4% in São
Paulo to 81.2% in Bahia [38]. Despite the low impact of the
M184V alone to NRTI resistance, when taken together to
other NRTI DRM, an increased level of resistance could be
verified as shown in this study and in others [43–45].

A higher prevalence of TAM 1 was verified herein, as well
as a lower prevalence of TAM-2, similar to those reported by
Lopes et al. in the northern region [24]. It is important to
point out that some resistance mutations observed in our
and in other cross-sectional studies conducted with individ-
uals failing cART could result from the transmitted virus
since, up until now, genotyping prior to the HIV treatment
is required only in a few cases, such as for pregnant women
in Brazil, for example.

We observed high resistance to 3TC and EFV, and we
have also demonstrated that the NRTIs (TDF and AZT) still
presented high viability of use for most individuals. Due to
the presence of mutations, such as L100I, K101P, Y181C,
M230L, observed in of individuals failing in the use of EFV,
the viability of using ETR in a rescue scheme is reduced for
few individuals (data not shown) [46].

The high resistance levels found for these ARVs
(3TC > EFV > TDF) reflect their high use and the genetic
barrier to resistance of these ARVs [47]. Although some
studies suggest that the viability of using first-line ARV drugs
may be related to the combination of drugs with a low and/or
high genetic barrier, consequently, the choice of drugs with a
low barrier may favor the rapid selection of DRMs causing
therapeutic failure [10]. The studied group has little experi-
ence with PIs, taken together to the fact that boosted PIs have
a high genetic barrier, which could explain the low preva-
lence of major PI mutations observed. Our results demon-
strated a high prevalence of NRTI/NNRTI dual class ARV
NNRTI over the years in several studies, and resistance to
NNRTI and NRTI is the most common forms of TDR [48–
50] Due to the increased prevalence of resistance to NRTI
and NNRTI-based regimens, ARVs focusing new targets on
the HIV replication cycle were developed and implemented
at the therapy. On a clinical trial comparing once-daily
dolutegravir versus twice-daily raltegravir in antiretroviral-
experienced individuals, the superior virological effect was
verified in the dolutegravir group [51]. Dolutegravir has a
high genetic barrier to resistance, which can be effective for
HIV, both for first-line and rescue schemes. The study by
Cahn et al. subsidized the World Health Organization to rec-
ommend the use of dolutegravir in the first therapeutic regi-
men since 2016, and it was implemented in Brazil in 2017.
After the genotyping performed at the present study, various
of the individuals started to use this ARV.

These factors can contribute to the DRM potentiating
therapeutic failure and increase HIV transmission and
TDRM prevalence in the region. Thus, the clinical and con-
stant viral load monitoring of PLWHA is essential in order
to reduce the risk of DRM accumulation and thus rapidly
detect therapeutic failure, in order to preserve susceptibility
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to subsequent therapeutic schemes [15, 52]. However, prote-
ase inhibitors remain a good rescue therapy with less than
13% of the associated resistance verified, despite their use in
50% of individuals.

No significant epidemiological differences were seen
among individuals infected by subtype B variants, as previ-
ously verified among specific viral subtypes [53, 54]. Our
results showed that the TAM-2 pathway was more prevalent
in the BCAR variants, while TAM-1 was greater in BPAN, as
shown previously in the northern region in blood donors
[28]. It is important to point out that the TAM pathway ver-
ified could result from the specific use of thymidine analogs
used during the treatment of these individuals. However, spe-
cific TAMs pathways were verified in some viral subtypes
[55, 56], and these pathways are potentially related to the dif-
ficulty in achieving viral suppression [57]. However, further
studies are needed to corroborate the specific characteristics
concerning HIV-1 subtype B variants (BCAR and BPAN)
detected herein.

5. Conclusion

This is the most comprehensive analysis of the molecular epi-
demiology of HIV-1 and acquired DRMs in Manaus. Herein,
we verified a high prevalence of the HIV-1 subtype B, a sig-
nificant difference in the TAM pathway in relation to B var-
iants (BCAR and BPAN), as well as an increase in recombinant
BF1. We also verified that, despite the high resistance to 3TC
and EFV, the low crossresistance of ARV of the same classes
may favor rapid replication control after the change of viable
ARV. Therefore, HIV-1 surveillance at local sites is essential
for understanding the different obstacles for treatment
adherence and rapid detection of therapeutic failure. This
information will help the National Health Service redirect
its strategies to achieve greater HIV/AIDS control.
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