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Abstract

The transactivator of transcription (Tat) is a key HIV regulatory protein. We aimed to identify the 

frequency of key polymorphisms in HIV-1C compared with HIV-1B Tat protein, chiefly in the 

cysteine-, arginine-, and glutamine-rich domains and identify novel point mutations in HIV-1B 

and C sequences from Southern Brazil. This study was the first to investigate the genetic diversity 

and point mutations within HIV-1 Tat C in a Brazilian cohort. This was an observational, cross­

sectional study, which included sequences of HIV-1B (n = 20) and HIV-1C (n = 21) from Southern 

Brazil. Additionally, 344 HIV-1C sequences were obtained from the Los Alamos database: 29 

from Brazil and 315 from Africa, Asia, and Europe. The frequency of C31S substitution on HIV-1 

Tat C in Brazil was 82% vs. 10% in the HIV-1B group (p < 0.0001). The frequency of the R57S 

substitution among the HIV-1C sequences from Brazil was 74% vs. 20% in HIV-1B (p = 0.004), 

and that of substitution Q63E in HIV-1C was 80% and 20% in HIV-1B (p < 0.0001). The mutation 

P60Q was more frequent in HIV-1B than in HIV-1C (55% and 6.12%, respectively, p < 0.0001)). 

Novel point mutations in the HIV-1C and B Tat functional domains were described. The frequency 

of C31S and other key point mutations in HIV-1 Tat C in Brazil were similar to those described 

in Africa, although lower than those in India. The Tat-B and C sequences found in Southern 

Brazil are consistent with biological differences and have potential implications for HIV-1 subtype 

pathogenesis.
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Introduction

The human immunodeficiency virus type 1 (HIV-1) transactivator of transcription (Tat) is 

a small basic protein usually with 101 amino acids (aa) and approximately of 14–16 kDa 

encoded from two separate exons (Williams et al. 2020). Tat is a key HIV regulatory protein 

that promotes viral replication, pathogenesis, and disease (Darbinian et al. 2008). HIV-1­

infected cells, including the central nervous system (CNS) cells, actively secrete Tat protein 

(Ensoli et al. 1993; Nath 2002; Gurwitz et al. 2017). Tat causes excitotoxicity (Magnuson 

et al. 1995), which is mediated by direct interactions of the dicysteine region at positions 

30 and 31 and crosslinks with cysteine moieties on the N-methyl-D-aspartate receptor (Li 

et al. 2008). It also plays a pivotal role in monocyte chemotaxis, which is mediated by 

both direct and indirect processes. Direct chemotaxis has been demonstrated in vitro using 

recombinant Tat protein and has been mapped to the Tat C30C31 dicysteine motif (Beall et 

al. 1996; Albini et al. 1998). Tat also induces the secretion of CCL2 from macrophages, thus 

amplifying the chemokine gradient, which helps recruit additional mononuclear phagocytes 

across the blood–brain barrier and into the brain (Conant et al. 1998; Weiss et al. 1999).

The aa variation within Tat protein alters its functional properties and, depending on the 

HIV-1 subtype, may produce Tat phenotypes, differing from virus representatives of each 

subtype (Spector et al. 2019). Key polymorphisms in Tat include a serine substitution at 

residue 31 (C31S) and residue 57 (R57S), and a glutamate substitution at residue 63 (Q63E), 

which have an effect on neurological outcomes and are more frequent in HIV-1C than in B 

(Williams et al. 2020; Rao et al. 2013; Ruiz et al. 2019). These residue changes indicate that 

Tat-C has a relatively higher-ordered structure and is less flexible than Tat-B (Siddappa et al. 

2006).

HIV-1 is subject to several selective pressures, such as host immune responses, antiretroviral 

therapy (ART), HIV-1-encoded error-prone reverse transcriptase, and other selection 

mechanisms, compelling the virus to evolve with optimum replication and adaptation 

efficiency (Rhee et al. 2005; Konings et al. 2006; Canducci et al. 2009). These pressures 

cause the accumulation or depletion of specific mutations across the viral genome, leading 

to the development of large numbers of genetic variants or quasispecies within the patient 

(Dampier et al. 2016). Tat, encoded by the virus, is also susceptible to mutations and genetic 

variations within and between patients that can be observed in all HIV-1 subtypes globally 

(Roy et al. 2015a; Roy et al. 2015b).

Genetic analyses based on DNA polymerase (pol) or envelope (env) sequences of HIV-1 

strains from different parts of Brazil show high diversity with a high prevalence of subtype 

C in Southern Brazil (Raboni et al. 2010), which is lower in the southeastern and northern 

regions (Guimarães et al. 2015).

This study was the first, to our knowledge, to investigate the genetic diversity and point 

mutations of HIV-1 Tat C in Brazil. The frequency of Tat polymorphism in the HIV-1C in 

the cysteine-rich (C30S or C31S) domain in India was 97% and in South Africa was 74% 

(Rao et al. 2013). We hypothesized that in Brazil, the frequency of the Tat polymorphism in 

HIV-1C is between this ranges.
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The aim of this study was to identify the frequency of point mutations within the HIV-1C 

Tat protein, chiefly in the cysteine- (C30S or C31S), arginine- (R57S), and glutamine-rich 

(P60Q and Q63E) domains in Southern Brazil.

Methods

This study, which was a cross-sectional survey of stored cerebrospinal fluid (CSF) samples, 

was approved by the Hospital de Clínicas-Universidade Federal do Paraná (HC-UFPR, 

Curitiba, Paraná, Brazil) Institutional Review Board (IRB), the National Commission of 

Ethics in Research (CONEP, Brasilia, Brazil), and the University of California-San Diego 

(UCSD, San Diego, CA, USA) IRB. All participants signed consent forms approved by the 

IRBs in the USA and Brazil. Sequences from blood were obtained using a NIMH-funded 

protocol (R21 MH076651-01).

Study population

Blood samples from people with HIV (PWH) from Southern Brazil, n = 41, were randomly 

selected by convenience based on the subtype status from the cohort established in a 

previous study recruited from the HC-UFPR, Curitiba, state of Paraná, Southern Brazil from 

2008 to 2011 (de Almeida et al. 2013). In this cohort, individuals with CNS opportunistic 

infections were excluded. All volunteers provided blood samples and underwent serological 

testing to confirm the HIV status before enrollment in accordance with previously published 

guidelines (Brasil 2018). HIV strains were genotyped by analyzing pol or env sequences. 

Genotyping indicated that 20 patients were infected with the HIV-1B subtype and 21 with 

the HIV-1C subtype (HIV-1C BR-study (HIV-1C BR-s)). The demographic, immunological, 

and virology characteristics of these participants are summarized in Table 1.

Additionally, 344 HIV-1C sequences from the Los Alamos database, including 29 HIV-1C 

sequences from Brazil (HIV-1C BR-LA) and 315 from other countries in Africa and Asia 

where there is a high incidence of HIV-1C (South Africa, ZA, n = 59; Malawi, MW, n = 33; 

Zambia, ZM, n = 09; India, IN, n = 195; China, CN, n = 19), were studied. Sequences from 

the Los Alamos database were selected from the same period as that from the HIV-1C BR-s.

Sequence filtering

EDTA blood samples from the participants were collected at the time of enrollment 

to the study. Proviral DNA was isolated from the peripheral blood mononuclear 

cells (PBMCs) and separated on a Histopaque® 1077 (Sigma-Aldrich) gradient using 

the Purelink® Genomic DNA Mini Kit (Invitrogen, Thermo Fisher Scientific, USA) 

in accordance with the manufacturer’s protocol. We amplified the Tat exon 1 

region (HXB2 position 5831–6045) by polymerase chain reaction (PCR) using the 

Platinum™ SuperFi™ DNA pol (Invitrogen, Thermo Fisher Scientific, USA) according 

to the manufacturer’s instructions. The primer pair TAT-1_OF (5-AAAGCCACCTYT 

GCCTAG-3)/TAT-1_OR (5-CTCATTGCCACTGTCTTCTGC-3) and TAT-1_IF (5­

GTAGARGATMGATGGAACRA-3)/TAT-1_IR (5-CYCTAATTCTTTYAAYTAACC-3) was 

used for prenested and nested PCR, respectively (Paul et al. 2014). To purify the PCR 

products, Nucleosap® was used (Exo + SAP) (Molecular Biotecnologia e Representação 
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Ltda©, Brazil). All PCR products were sequenced on both strands using a BigDye® 

Terminator 3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, CA, USA), which 

were analyzed on an Applied Biosystems® 3130 Genetic Analyzer (Applied Biosystems).

Bioinformatics analysis

Nucleotide sequences were assembled and edited using the DNASTAR Lasergene SeqMan 

software program (version 7.0; Dnastar, Inc., Madison, WI, USA).

HIV-1 Tat exon 1 reference sequence subtypes B and C datasets from Brazil were obtained 

from the Los Alamos database (https://www.hiv.lanl.gov/components/sequence/HIV/search/

search.html) and aligned with the HIV-1 sequences from the study by ClustalW using 

MEGA7 software. Nucleotide sequences were translated into aa sequences, and mutations 

for each patient were identified.

Phylogenetic analysis

Phylogenetic tree construction was performed to characterize relatedness across the HIV 

sequences downloaded compared with the clinical cohort. Specifically, sequences were 

imported into the CLC Genomics Workbench v12.0 (https://www.qiagen.com/), and the 

“Create Alignment” tool was used under default conditions (i.e., alignment mode = 

very accurate) to generate a multiple sequence alignment. This alignment was then 

tested using four different procedures supported in the “Model testing” tool (hLRT = 

hierarchical likelihood ratio test, BIC = Bayesian information criterion, AIC = Akaike 

Information Criterion, AICc = Akaike Information Criterion corrected) to determine which 

substitution model (JC = Jukes-Cantor, F81 = Felsenstein 81, K80 = Kimura 80, HKY = 

Hasegawa-Kishino-Yano, GTR=General Time Reversible) would be the most suitable for 

the construction of a maximum likelihood tree. The tree was constructed under 100-round 

bootstrap conditions using the “Maximum Likelihood Phylogeny” tool in conjunction with 

the optimal substitution model testing indicated (GTR with gamma rate variation and 

topology variation) and drawn in “circular phylogram” mode. Sequences represented in 

the tree were grouped by relatedness and separately by type and used to construct multiple 

sequence alignments. Consensus sequences for each of these alignments were summarized 

using the WebLogo tool (https://weblogo.berkeley.edu/logo.cgi).

Statistical analysis

The results were presented as the median and interquartile range or the percentage, 

as appropriate. Comparisons between groups were made using the chi-squared test, 

Fisher’s exact test, or Mann–Whitney nonparametric test, where appropriate. Results were 

considered statistically significant at the 5% alpha level.

Results

Participants with HIV-1B and C subtypes were comparable with respect to age, gender, 

duration of infection, current and nadir CD4, frequency of AIDS cases, and number of 

participants on combination ART, anti-retroviral CNS penetration effectiveness (Letendre et 
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al. 2010), and the number of participants with controlled HIV. However, the plasma HIV 

RNA was higher in HIV-1C than in HIV-1B (p = 0.012) (Table 1).

The exon 1 partial Tat sequences from Southern Brazil reported in this study were deposited 

in GenBank under accession numbers MT624066 to MT624106.

The maximum likelihood phylogenetic tree and WebLog of HIV Tat sequences from PBMC 

samples of HIV-1B and C from Southern Brazil (HIV-1C BR-s) and HIV-1C sequences 

from Brazil from Los Alamos (HIV-1C BR-LA) as well as HIV-1B reference sequences 

are shown in Fig. 1. The majority of HIV-1C BR-s and HIV-1C BR-LA sequences 

grouped together were distant from HIV-1B sequences. Three sequences from the HIV-1C 

BR-s group, which did not present the C31S substitution, were grouped among HIV-1C 

sequences. One sequence genotyped as HIV-1C by pol sequencing did not present the C31S 

substitution and grouped among HIV-1B, probably because this was a recombinant form. 

In the HIV-1B group, the C31S substitution on Tat in our sequences was found in two 

participants (10%). These sequences were genotyped as HIV-1B by env sequencing and 

were grouped among HIV-1C.

Tat cysteine–rich domain

Overall, for the HIV-1 Tat C sequences studied in Brazil (HIV-1C BR-s and HIV-1C BR­

LA), the frequency of C31S substitution was 41/50 (82%). The frequency of the C31S 

substitution in the HIV-1C BR-s sequences was 17/21 (80.95%) and among HIV-1C BR-LA 

was 24/29 (82.76%), p = 1.0 (Table 2; Fig. 2). Only two (10%) sequences in the HIV-1B 

group showed C31S substitution (p < 0.0001). No mutations were found in the Tat C30C 

residue in HIV-1C or HIV-1B from Brazil (Table 2; Fig. 2).

Tat arginine–rich domain

The frequency of the R57S substitution among overall HIV-1C sequences from Brazil was 

37 (74%) and among HIV-1B was 4 (20%), p = 0.004 (Table 2; Fig. 2).

For one participant (B0056), there was a mirror-type insertion in the Tat arginine–rich 

domain between 53 and 54 (53KKRR54). This participant presented with immunological 

failure despite HIV virological suppression.

Tat glutamine–rich domain

The mutation P60Q was more frequent in HIV-1B (n = 11; 55%) than in HIV-1C (n = 

3; 6.12%), p < 0.0001. However, glutamate substitution at residue 63 (Q63E) was more 

frequent in HIV-1C [40 (80%)] than in HIV-1B [4 (20%)], p < 0.0001 (Table 2), which is in 

accordance with the results of a previous study (Williams et al. 2020).

The frequencies of C31S, R57S, and Q63E substitutions on HIV-1 Tat C in Brazil and 

other countries in Africa, Asia, and Europe are shown in Fig. 2. The maximum likelihood 

phylogenetic tree analysis representing the similarities in the Tat exon-1 gene of HIV-1C 

from Brazil and other countries in Africa, Asia, and Europe is presented in Supplemental 

Fig. 1. The nodes of the phylogenetic tree show that most samples from Brazil shared an 

internal node with most samples from India.
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Novel mutations in Tat functional domains

The frequency of HIV-1 Tat exon-1 point mutations by functional domains in HIV-1C and 

HIV-1B is shown in Table 2. Several novel mutations in the Tat functional domains were 

identified. Tat mutations were more frequent in HIV-1C than in HIV-1B, T23N: HIV-1C, 46 

(92%) vs. HIV-1B, 9 (45%), p < 0.0001; W32Y: HIV-1C, 48 (96%) vs. HIV-1B, 6 (30%), p 
< 0.0001; Q39L: HIV-1C, 30 (60%) vs. HIV-1B, 3 (15%), p = 0.0011; T64D: HIV-1C, 44 

(88%) vs. HIV-1B, 5 (25%), p < 0.0001; S68L: HIV-1C, 24 (48%) vs. HIV-1B, 3 (15%), p 
= 0.014. Tat mutations were more frequent in HIV-1B than in HIV-1C, H29K: HIV-1C, 21 

(42%) vs. HIV-1B, 15 (75%), p = 0.017; W32F: HIV-1C, 1 (2%) vs. HIV-1B, 10 (50%), p < 

0.0001; Q39I: HIV-1C, 1 (2%) vs. HIV-1B, 7 (35%), p = 0.0004.

For the dendrogram for the Tat exon-1 gene from Southern Brazil, seven groups of related 

sequences were selected, and the aa sequence motif is represented as WebLogo for each 

group (Fig. 3).

Discussion

The frequency of C31S substitution in the cysteine-rich domain in HIV-1C isolates from 

Brazil in this study was similar to those found previously in Southern African countries, 

although lower than that in India. In accordance with the features of Tat sequences from 

South Africa and Zambia, where the occurrence of variants with an intact C30C31 motif 

is 26% and 20%, respectively, this variant was rare among sequences from India and 

Bangladesh (3% and 2%, respectively) (Rao et al. 2013). This is in accordance with the 

origin of HIV-1C in Southern Brazil from a single founder strain closely related to subtype 

C strains from Burundi (Bello et al. 2008). Previous studies examining HIV-1 env sequences 

from Northeast India have concluded that Indian HIV-1C has evolved into a distinct sub­

clade termed CIN (Shankarappa et al. 2001; Neogi et al. 2012). The Tat gene in the HIV-1C 

isolates circulating in Southern African countries (South Africa, Zambia, and Botswana) is 

evolutionarily distinct from those in Southeast Asia (India and Bangladesh), where HIV-1C 

isolates display a higher proportion (almost 99%) of variants encoding Tat protein with 

C30S or C31S mutations than that of those in Southern Africa (Rao et al. 2013).

Our results reinforce the findings of previous studies that not all HIV-1C isolates display a 

C30S31 polymorphism in the Tat protein encoded by them, displaying C30C31 motif, and a 

small proportion, approximately 1–10%, of HIV-1B displays C30S31 polymorphism (Rao et 

al. 2013).

In this study, the number of different residues with mutations was higher in HIV-1C than 

in HIV-1B, which is in accordance with the results of previous studies (Spector et al. 2019; 

Ruiz et al. 2019; Williams et al. 2020). There are several key protein sequence differences 

that may account for the altered neuropathogenesis. These include a serine substitution at 

residue 31 (C31S) and 57 (R57S) as well as a glutamate substitution at residue 63 (Q63E). 

These polymorphisms in Tat-C account for more potent transactivation capacity and lower 

levels of monocyte recruitment, neuroinflammation, and neuronal damage both in vitro and 

in animals (Williams et al. 2020). Tat-C, with an intact dicysteine motif (C30C31), is more 

neurotoxic to human neuronal cultures than Tat-C lacking this motif (Li et al. 2008; Rao et 
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al. 2013). HIV-1B has a greater neurovirulence but is a less potent transactivator (Williams 

et al. 2020).

The results of this study support the findings of our previous studies comparing PWH 

infected by HIV-1 subtypes C and B from the same geographic region (Southern Brazil). 

These studies showed that HIV-1 subtype C is as neurotropic as subtype B and is able to 

develop CNS HIV genetic compartmentalization (de Almeida et al. 2017, 2018), despite 

the findings of the present study showing the occurrence of the C31S mutation in the 

cysteine-rich domain in the majority of patients with HIV-1C. These findings are contrary 

to those of previous reports that HIV-1 subtype C is less neuropathogenic than subtype B 

due to the existence of the C31S mutation (Satishchandra et al. 2000) as well as findings 

of other experimental studies (Park et al. 2001; Ranga et al. 2004). Moreover, we found 

similar frequencies of HIV-associated neurocognitive disorder (de Almeida et al. 2013) as 

well as similar stimulation of ß-chemokines, including CCL2, and inflammatory biomarkers 

in the CSF of PWH-1C and PWH-1B (de Almeida et al. 2016a, b). HIV-1C and HIV-1B are 

also comparable in CSF white blood cells (WBC), CSF HIV RNA, and blood–CSF barrier 

dysfunction (de Almeida et al. 2020). HIV discordance or escape in the CNS occurred at a 

comparable frequency for PWH-1C and PWH-1B (de Almeida et al. 2020). These findings 

were corroborated by those of other authors, who also described similar neurovirulence 

between HIV-1B and HIV-1C (Ortega et al. 2013; Witten et al. 2015; Paul et al. 2017).

Other mutations already described were present in HIV-1 Tat from Southern Brazil in 

the arginine-rich domain (R57S), more frequently in HIV-1C than in HIV-1B (Spector 

et al. 2019). This mutation was related to lower inflammation-induced dysfunction in 

human neuron-astrocyte cultures (Ruiz et al. 2019). The natural polymorphism found in 

Tat-C (R57S) may be an additional contributor to the lowered inflammatory response. This 

polymorphism may be responsible for the reduced uptake of Tat by bystander cells and 

subsequent reduced neuroinflammation in cell cultures. This emphasizes the importance of 

this polymorphism in Tat uptake and neuroinflammation (Ruiz et al. 2019). We identified 

a participant with an insertion in the arginine-rich domain (53KKRR54). The arginine-rich 

domain contains a well-conserved sequence, 49RKKRRQRRR57, which is crucial for the 

interaction with transactivation response element (TAR) as well as with the secretion and 

uptake of Tat (Rayne et al. 2010; Hauber et al. 1989; Li et al. 2012). Clinically, this 

participant showed poor CD4 cell reconstitution despite a good virological response, a 

phenomenon that has also been correlated with a lower nadir pretreatment CD4 + cell count 

(Prabhakar et al. 2011). We were not able to find any description of this insertion in the 

arginine-rich domain in any other previous studies.

In the glutamine-rich domain, the mutation P60Q was more frequent in HIV-1B than 

in HIV-1C, which corroborates the findings of previous studies (Ronsard et al. 2014). 

Residues in this position are essential for transactivation through TAR interaction and are 

also reported to be involved in T cell apoptosis (Ronsard et al. 2014). The transcriptional 

capacity may be affected by residue polymorphisms present in Tat variants from different 

HIV-1 subtypes, although there are discordant results among studies (Williams et al. 2020). 

The Q63E mutation, which is more frequent in Tat-C than in Tat-B, contributes to greater 

transcriptional activation in human CD4 T cells (Kurosu et al. 2002). The effective binding 
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of Tat to TAR allows HIV to achieve high-level transcription. Sequence variation between 

Tat-B and Tat-C affects the transactivation capacity, immune modulation, neuronal damage, 

and pathways related to neuronal damage (Williams et al. 2020).

In addition to the key protein sequence mutations described previously, there are several 

other Tat functional variants in various functional domains of the Tat protein (Ronsard et 

al. 2014; Spector et al. 2019). However, the majority of these mutations were not present 

in Tat-C and Tat-B in the sequences of this study. On the other hand, we identified several 

other novel Tat mutations not described previously, some of which had significantly different 

prevalence between HIV-1C and HIV-1B subtypes. The majority of these mutations occurred 

in the cysteine-rich domain, which is considered highly conserved among different isolates 

of HIV-1 studies (Williams et al. 2020). Future studies are important to determine whether 

the mutations are of functional significance.

The Tat first exon contains aa residues 1–72, and the second exon has 73–101 aa residues. 

HIV Tat has five functional domains as follows: The N-terminal, proline-rich region (aa 

residues 1–21) has mutations that alter the acidic composition and were originally believed 

to affect transactivation (Rappaport et al. 1989). The cysteine-rich domain (aa residues 22–

40) has seven well-conserved cysteine residues at positions 22, 25, 27, 30, 34, and 37 studies 

(Williams et al. 2020). Individual mutations in six of the seven cysteine residues abolished 

Tat function (Koken et al. 1994).

The core domain (aa residues 38–48) contains an RKGLGI motif that is conserved among 

HIV-1, HIV-2, and SIV Tat. This region, in conjunction with the amino terminus and 

cysteine domain, has been suggested to circumscribe the minimal activation domain of 

HIV-1 Tat (Carroll et al. 1991; Derse et al. 1991; Williams et al. 2020). The arginine-rich 

domain (aa residues 49–57) contains a basic RKKRRQRRR motif. These properties confer 

TAR RNA-binding properties to Tat (Dingwall et al. 1989; Weeks et al. 1991; Chang et 

al. 1992) and are important for nuclear localization of the protein (Hauber et al. 1989; 

Ruben et al. 1989). However, this short basic stretch may be insufficient to determine the 

entire specificity of Tat-TAR binding, as aa outside of the basic domain also contribute to 

this interaction Williams et al. 2020). The glutamine-rich domain (aa residues 58–72) is 

considered the region with the highest rate of sequence variation Williams et al. 2020). 

The glutamine- and arginine-rich domains, which are referred to as the basic region, 

are responsible for nuclear localization and mediate binding to CCATT enhancer-binding 

protein (Siddappa et al. 2006; Spector et al. 2019). The region spanning aa 1–21 is 

remarkably tolerant of changes. In contrast, changes in aa 22–40 are generally deleterious 

for transactivation. Although the basic domain (aa residues 49–57) as a unit is necessary for 

Tat function, individual aa changes do not significantly affect activity (Spector et al. 2019).

We conclude that the frequency of C31S substitution on HIV-1 Tat C in Brazil is high and 

similar to those found in Africa, although lower than those in India. Novel Tat mutations 

have been described in all Tat functional domains. The Tat-B and Tat-C sequences found 

in Southern Brazil are consistent with biological differences and with potential effects on 

the neuropathophysiology and clinical outcomes. Additional studies are necessary to explore 

these possibilities.
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Fig. 1. 
a The maximum likelihood phylogenetic tree analysis representing the similarities on the 

tat exon-1 gene of HIV-1B and HIV-1C from Southern Brazil. HIV-1B (red), HIV-1C from 

Curitiba, Southern Brazil (HIV-1C BR-s, blue), HIV-1C from Brazil downloaded from the 

Los Alamos database (HIV-1C BR-LA, green), and HIV-1B reference sequences (purple). 

The red full triangle HIV-1B indicates C31C (18); red full diamond HIV-1B indicates C31S 

mutation (n = 2); full blue circle HIV-1C indicates C31S mutation (n = 17); and empty 

blue circle HIV-1C indicates C31C (n = 4). Three sequences from the HIV-1C BR-s group 
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that did not present the C31S substitution were grouped among HIV-1C sequences. One 

sequence initially genotyped as HIV-1C (by pol) did not present the C31S substitution and 

was grouped among HIV-1B, probably because this was a recombinant form. In the HIV-1B 

group, the C31S substitution on Tat in our sequences was found in two (10%), initially 

genotyped as HIV-1B (by env) and grouped among HIV-1C. b Amino acid sequence motif 

of HIV-1 subtype B represented as Weblogo. c Amino acid sequence motif of HIV-1 subtype 

C represented as Weblogo
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Fig. 2. 
The frequency of C31S, R57S, and Q63E substitutions on HIV-1 Tat C in Brazil and other 

countries in Africa and Asia. a The frequency of C31S substitution. b The frequency of 

R57S substitution. c The frequency of Q63E substitution. Brazil sequences from the study 

(HIV-1C BR-s) and Brazil database sequences from Los Alamos (HIV-1C BR-LA), South 

Africa (ZA), Malawi (MW), Zambia (ZM), India (IN), and China (CN). Sequences from the 

Los Alamos database were selected in the same period as that of the cases from the Brazil 

study (BR-s) from 2008 to 2011
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Fig. 3. 
Dendrogram for the Tat exon-1 gene from Brazil. Seven groups of related sequences were 

selected, and the amino acid sequence motif is represented as WebLogo for each group. 

Group A (blue) encompasses HIV-1B and only one HIV-1C (B0064), group B (green), 

C (purple), D (gold), E (cyan), F (pink), and G (lime). The sequences shown in black 

are sequences which do not group well within any other group of sequences and are not 

sufficient in number to represent a separate group

de Almeida et al. Page 16

J Neurovirol. Author manuscript; available in PMC 2022 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

de Almeida et al. Page 17

Ta
b

le
 1

D
em

og
ra

ph
ic

, c
lin

ic
al

, a
nd

 c
o-

m
or

bi
di

tie
s 

da
ta

 o
f 

pe
op

le
 w

ith
 H

IV
 (

PW
H

) 
fr

om
 C

ur
iti

ba
, S

ou
th

er
n 

B
ra

zi
l b

y 
su

bt
yp

e

H
IV

-1
B

(n
 =

 2
7)

H
IV

-1
C

 B
R

-s
(n

 =
 2

6)
P

N
20

21

A
ge

, y
ea

rs
44

 (
36

.0
; 4

8.
5)

43
 (

35
.5

; 4
6.

5)
0.

67
6

G
en

de
r, 

n 
m

al
e 

(%
)

11
 (

55
)

7 
(3

3.
33

)
0.

21
5

D
ur

at
io

n 
of

 in
fe

ct
io

n,
 y

ea
rs

7.
26

 (
3.

11
; 1

0.
86

)
7.

26
 (

2.
25

; 1
0.

97
)

0.
99

0

A
ID

S,
 n

 (
%

)
17

 (
85

)
14

 (
66

.6
7)

0.
27

7

C
ur

re
nt

 C
D

4,
 c

el
l/m

m
3

50
2 

(2
84

; 6
33

)
37

2 
(1

93
; 5

18
)

0.
23

5

N
ad

ir
 C

D
4,

 c
el

l/m
m

3
63

.5
 (

10
.5

; 2
21

.5
)

20
0 

(2
2;

 3
76

)
0.

14
1

L
og

 P
la

sm
a 

H
IV

 R
N

A
1.

7 
(1

.7
; 2

.8
1)

2.
24

 (
1.

7;
 3

.7
6)

0.
01

2

Pl
as

m
a 

H
IV

 R
N

A
 <

50
 c

op
ie

s/
m

L
, n

 (
%

)
14

 (
70

)
8 

(3
8)

0.
06

2

on
 C

A
R

T
(a

) , 
n 

(%
)

17
 (

85
)

12
 (

57
.1

4)
0.

08
6

C
PE

(b
)

8 
(6

; 9
)

7.
5 

(6
; 9

)
0.

46
4

D
at

a 
ar

e 
pr

es
en

te
d 

as
 m

ed
ia

n 
[i

nt
er

qu
ar

til
e 

ra
ng

e 
(I

Q
R

)]
 o

r 
nu

m
be

r 
of

 c
as

es
 (

%
).

 H
IV

-1
 s

ub
ty

pe
s:

 H
IV

-1
B

 a
nd

 H
IV

-1
C

 (
H

IV
-1

C
 B

R
-s

)

a C
A

R
T,

 c
om

bi
na

tio
n 

an
ti-

re
tr

ov
ir

al
 th

er
ap

y

b C
PE

, a
nt

i-
re

tr
ov

ir
al

 C
N

S 
pe

ne
tr

at
io

n 
ef

fe
ct

iv
en

es
s 

(L
et

en
dr

e 
et

 a
l. 

20
10

)

J Neurovirol. Author manuscript; available in PMC 2022 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

de Almeida et al. Page 18

Ta
b

le
 2

Fr
eq

ue
nc

y 
of

 H
IV

-1
 T

at
 e

xo
n 

1 
va

ri
an

ts
 in

 H
IV

-1
C

 a
nd

 H
IV

-1
B

F
un

ct
io

na
l d

om
ai

n
Ta

t 
re

si
du

e 
va

ri
an

t
H

IV
-1

C
B

R
-s

H
IV

-1
C

B
R

-L
A

H
IV

-1
C

To
ta

l
H

IV
-1

B
p

N
21

29
50

20

N
-t

er
m

in
al

 (
1–

21
)

Q
2E

19
 (

90
.4

8)
23

/2
8 

(8
2.

14
)

42
 (

84
)

19
 (

95
)

0.
43

0

Q
2D

2 
(9

.5
2)

5/
28

 (
17

.8
6)

7 
(1

4)
1 

(5
)

0.
42

2

P2
1A

12
 (5

7.
14

)
14

/2
8 

(5
0)

26
 (5

2)
14

 (7
0)

0.
19

3

C
ys

te
in

e 
ri

ch
 (

22
–4

0)
T

23
N

19
 (

90
.4

8)
27

 (
93

.1
0)

46
 (

92
)

9 
(4

5)
<

0.
00

01

T
23

S
1 

(4
.7

6)
2 

(6
.9

0)
3 

(6
)

0
-

K
24

N
12

 (
57

.1
4)

15
 (

51
.7

2)
27

 (
54

)
10

 (
50

)
0.

79
6

K
24

A
5 

(2
3.

81
)

0
5 

(1
0)

1 
(5

)
0.

66
6

Y
26

F
8 

(3
8.

10
)

2 
(6

.9
0)

10
 (

20
)

1 
(5

)
0.

16
0

H
29

Y
3 

(1
4.

29
)

1(
3.

45
)

4 
(8

)
0

-

H
29

K
10

 (
47

.6
2)

11
 (

37
.9

3)
21

 (
42

)
15

 (
75

)
0.

01
7

H
29

R
8 

(3
8.

10
)

9 
(3

1.
03

)
17

 (
34

)
3 

(1
5)

0.
14

8

H
29

S
0

5 
(1

7.
24

)
5 

(1
0)

0
-

C
31

S
17

 (8
0.

95
)

24
 (8

2.
76

)
41

 (8
2)

2 
(1

0)
<0

.0
00

1

W
32

Y
19

 (
90

.4
8)

29
 (

10
0)

48
 (

96
)

6 
(3

0)
<

0.
00

01

W
32

F
1 

(4
.7

6)
0

1 
(2

)
10

 (
50

)
<

0.
00

01

Q
35

L
7 

(3
3.

33
)

10
 (

34
.4

8)
17

 (
34

)
2 

(1
0)

0.
07

2

Q
35

P
7 

(3
3.

33
)

7 
(2

4.
14

)
14

 (
28

)
2 

(1
0)

0.
12

7

Q
39

T
0

0
0

6 
(3

0)
-

Q
39

I
1 

(4
.7

6)
0

1 
(2

)
7 

(3
5)

0.
00

04

Q
39

L
13

 (
61

.9
0)

17
 (

58
.6

2)
30

 (
60

)
3 

(1
5)

0.
00

11

T
40

K
5 

(2
3.

81
)

7 
(2

4.
14

)
12

 (
24

)
5 

(2
5)

1.
0

A
rg

in
in

e 
ri

ch
 (

49
–5

7)

R
57

S
14

 (6
6.

67
)

23
 (7

9.
31

)
37

 (7
4)

4 
(2

0)
<0

.0
00

1

G
lu

ta
m

in
e 

ri
ch

 (
58

–7
2)

P6
0Q

2 
(9

.5
2)

1/
28

 (3
.5

7)
3 

(6
.1

2)
11

 (5
5)

<0
.0

00
1

P6
0S

0
4 

(1
4.

29
)

4 
(8

.1
6)

0
-

S6
2D

1 
(4

.7
6)

0
1 

(2
)

2 
(1

0)
0.

19
4

S6
2G

2 
(9

.5
2)

4 
(1

3.
79

)
6 

(1
2)

0
-

J Neurovirol. Author manuscript; available in PMC 2022 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

de Almeida et al. Page 19

F
un

ct
io

na
l d

om
ai

n
Ta

t 
re

si
du

e 
va

ri
an

t
H

IV
-1

C
B

R
-s

H
IV

-1
C

B
R

-L
A

H
IV

-1
C

To
ta

l
H

IV
-1

B
p

S6
2N

0
3 

(1
0.

34
)

3 
(6

)
0

-

Q
63

E
18

 (8
5.

71
)

22
 (7

5.
86

)
40

 (8
0)

4 
(2

0)
<0

.0
00

1

T
64

A
0

0
3 

(1
5)

-

T
64

D
17

 (
80

.9
5)

27
 (

93
.1

0)
44

 (
88

)
5 

(2
5)

<
0.

00
01

T
64

S
0

0
3 

(1
5)

-

T
64

N
3 

(1
4.

29
)

2 
(6

.9
0)

5 
(1

0)
1 

(5
)

0.
66

6

S6
8P

9 
(4

2.
86

)
14

 (
48

.2
8)

23
 (

46
)

8 
(4

0)
0.

79
1

S6
8L

10
 (

47
.6

2)
14

 (
48

.2
8)

24
 (

48
)

3 
(1

5)
0.

01
4

H
IV

-1
C

 B
R

-s
, s

eq
ue

nc
es

 f
ro

m
 th

e 
B

ra
zi

l s
tu

dy
; H

IV
-1

C
 B

R
-L

A
, d

at
ab

as
e 

se
qu

en
ce

s 
fr

om
 B

ra
zi

l d
ow

nl
oa

de
d 

fr
om

 L
os

 A
la

m
os

. I
n 

ita
lic

s,
 m

ut
at

io
ns

 d
es

cr
ib

ed
 p

re
vi

ou
sl

y

J Neurovirol. Author manuscript; available in PMC 2022 February 01.


	Abstract
	Introduction
	Methods
	Study population
	Sequence filtering
	Bioinformatics analysis
	Phylogenetic analysis
	Statistical analysis

	Results
	Tat cysteine–rich domain
	Tat arginine–rich domain
	Tat glutamine–rich domain
	Novel mutations in Tat functional domains

	Discussion
	References
	Fig. 1
	Fig. 2
	Fig. 3
	Table 1
	Table 2

