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Abstract
Introduction: Tuberculosis (TB) is the leading cause of death worldwide caused by a single infectious disease agent. Brazil, Russia, 
India, China, and South Africa (BRICS) account for more than half of the world’s TB cases. Bacillus Calmette-Guérin (BCG) 
remains the only vaccine available despite its variable efficacy. Promising antigen-based vaccines have been proposed as prophylactic  
and/or immunotherapeutic approaches to boost BCG vaccination. Relevant antigens must interact with the range of human leukocyte 
antigen (HLA) molecules present in target populations; yet this information is currently not available. Methods: MEDLINE and 
EMBASE were systematically searched for articles published during 2013-2020 to measure the allelic frequencies of HLA-DRB1 in 
the BRICS. Results: In total, 67 articles involving 3,207,861 healthy individuals were included in the meta-analysis. HLA-DRB1 alleles  
*03, *04, *07, *11, *13, and *15 were consistently identified at high frequencies across the BRICS, with a combined estimated frequency 
varying from 52% to 80%. HLA-DRB1 alleles *01, *08, *09, *10, *12, and *14 were found to be relevant in only one or two BRICS 
populations. Conclusions: By combining these alleles, it is possible to ensure at least 80% coverage throughout the BRICS populations.
Keywords: Tuberculosis. Epitope-based vaccine. Rational vaccine design. Vaccine candidate. Major histocompatibility complex. 
Immunogenicity.

INTRODUCTION

Tuberculosis (TB), an infectious disease caused by 
Mycobacterium tuberculosis, is the most fatal infectious disease 
in the world that is caused by a single agent. The emerging countries 
Brazil, Russia, India, China, and South Africa, all members of a 
group known as the BRICS, currently account for approximately 
50% of all TB cases worldwide as well as 38% of all disease-
associated deaths1.

The only available vaccine against TB, i.e., BCG, refers in fact 
to different attenuated strains of Mycobacterium bovis, used as part 
of the immunization schedule in countries and populations where 

the disease is highly prevalent2,3. Meta-analyses have shown that 
BCG offers protection against infection and the development of 
active TB, when comparing among vaccinated and unvaccinated 
children4. However, the efficacy of BCG varies greatly according 
to the age and clinical form of TB. While the vaccine is highly 
protective in children with tuberculous meningitis and miliary TB, 
its effectiveness varies from 0% to 80% with regard to pulmonary 
TB5, which is responsible for disease transmission, hampering the 
ability to control disease. 

While the immune response has a role in hampering bacilli 
multiplication and avoiding disease development, the relative roles 
of innate and adaptive mechanisms are difficult to weight. Currently, 
there is a lack of a reliable biomarker to guide the development 
and evaluation of new vaccine strategies. Nevertheless, progress 
has been made using strategies that rely on arrays of antigens 
selected on the basis of inducing powerful Th1 responses6,7. There 
is accumulating evidence that points to CD4+ T cell involvement 
and, possibly, the role of these cells in interferon (IFN)-γ production 
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as well as the building of antibody responses as a component of 
the protective anti-TB immunity8-11. This is highlighted by the fact 
that individuals infected with human immunodeficiency virus have 
a high increase in the risk of developing TB, which is dependent 
on the grade of deterioration of the CD4+ T cell compartment12-13. 

Antigen presentation to CD4+ T lymphocytes triggers 
the activation and proliferation of these cells, followed by 
differentiation into effector cytokine-producing cells that migrate to 
the infected tissue to amplify the bactericidal action of the infected 
macrophages14.

Mycobacterial antigens are presented to CD4+ T cells in the 
context of human leukocyte antigen (HLA) class II molecules. 
These proteins are encoded by a set of highly polymorphic genes 
located on the short arm of chromosome 6 and are expressed on the 
membranes of antigen-presenting cells15. Among these genes, HLA-
DRB1 alleles are among the most frequently studied. HLA-DRB1 
alleles are highly variable, some of which have been associated 
with susceptibility to active TB disease development. Moreover, the 
proportions of these alleles can differ greatly among populations16. 

New vaccine candidates have been proposed to prevent 
active disease and transmission, given as a booster to the primary 
vaccination with BCG. Currently, several candidates are undergoing 
different phases of clinical trials aimed at protecting newborns and 
children from infection or protecting adults with latent TB7. Among 
these, promising candidates include epitope-based vaccines that 
use HLA class II peptide ligands recognized by T cells to generate 
effective cellular immunity and protection. The impact of HLA class 
II binding efficiency to relevant epitopes in the immune response 
against infection at a population level has recently been addressed17. 
To provide high coverage in endemic settings, the present 
study performed a series of systematic reviews, followed by a  
meta-analysis, to identify the most relevant HLA alleles for targeting 
by effective epitopes in the BRICS populations. We could retrieve 
sufficient literature to describe the proportions of HLA-DRB1 allelic 
groups in the BRICS countries. 

Systematic reviews and meta-analyses allow for a comprehensive 
overview of findings from a field of research to avoid bias and to 
produce a synthesis of comparable studies. Systematic reviews are 
used to identify studies that are both relevant and of good quality, 
according to pre-established inclusion, exclusion, and quality 
grading criteria, while meta-analyses are used to estimate the 
overall effect or outcome from the findings of the studies selected  
from a systematic review. Meta-analyses are widely employed 
in evidence-based medicine to measure the main effect of an 
intervention or hypothetical causal association of a condition. 
They are also powerful in achieving the optimized estimate of 
a given measure across larger numbers of study outcomes, thus 
reaching broad generalizations that are more robust than those 
that can be obtained by examining a single study18,19. Using a 
systematic review followed by a meta-analysis, we aimed to achieve 
optimized estimates of HLA-DRB1 allelic frequencies in disease-
free individuals in the context of the BRICS, to determine the most 
relevant alleles to target by epitope-based vaccines.

METHODS

Search strategy

Throughout the article search and analysis steps, two 
investigators (AS and CBD) independently assessed each article, 
and the results were then compared and validated by consensus. 

A literature search for articles published during 2013-2020 
was conducted using two databases: MEDLINE and EMBASE. 
MEDLINE is the United States National Library of Medicine 
database, containing more than 24 million references in biomedicine 
and life sciences from more than 5,000 worldwide journals and 
books. EMBASE is an Elsevier database, containing more than 
29 million references from 8,500 journals, which is focused on 
the biomedical literature regarding drug, disease, and device 
information and which includes more than 2,900 peer-reviewed 
journals not available in MEDLINE. 

For each of the five BRICS countries, the following search 
terms were used: "HLA [All fields] AND frequency [All fields] 
AND Brazil", "HLA [All fields] AND frequency [All fields] 
AND Russia", "HLA [All fields] AND frequency [All fields] 
AND India", "HLA [All fields] AND frequency [All fields] 
AND China" and "HLA [All fields] AND frequency [All fields] 
AND South Africa". Because of the excessive number of articles 
originating from China retrieved for analysis (2,083 in total), we 
arbitrarily excluded 50%, that is, only the most recent articles 
were maintained. Pre-specified inclusion and exclusion criteria 
were applied in accordance with our study protocol (registered 
in PROSPERO, CRD # 42018092979).

Inclusion criteria

The titles and summary sections of the articles retrieved by each 
search string were accessed, and the following inclusion criteria 
were considered: articles describing the frequency of HLA-DRB1 
alleles (except literature reviews) in healthy individuals from the 
BRICS, with access provided free of charge, or made available by 
institutional subscription through the Capes Portal de Periodicos, 
or by the authors themselves.

Exclusion criteria

Full-text articles were analyzed, and any studies restricted 
to patients, i.e., those that did not employ healthy controls, were 
excluded to avoid the possibility of selection bias, which could 
correlate the most frequent alleles with the disease studied in the 
case group. Studies involving individuals from the same family and/
or members of tribes, villages, or castes, those that incompletely 
analyzed the 13 HLA-DRB1 subtypes (HLA-DRB1 *01, *03, 
*04, *07, *08, *09, *10, *11, *12, *13, *14, *15, and *16), 
and those reporting only HLA-DQ and/or HLA-DP frequencies 
were also excluded. The corresponding authors of three studies 
that analyzed the 13 HLA-DRB1 alleles but did not provide the 
explicit proportions thereof were contacted by e-mail to request 
this information. We received one reply from the three authors 
contacted. This study was maintained in the analysis, and the other 
two studies were excluded.
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FIGURE 1: Preferred Reporting Items for Systematic Reviews (PRISMA) flow diagram.

Quality assessment

The methodological quality of the articles was evaluated using 
a scale adapted from the Newcastle-Ottawa Scale20 to preserve 
applicability in cross-sectional studies (supplementary material 
File S1). Only the allelic frequencies of the control groups (healthy 
individuals) in each study were collected. To be selected for the 
meta-analysis, studies were required to have a minimum score of 4. 

Article search and selection procedures were performed in 
accordance with the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines, as illustrated in File S221.

Data collection

From the articles selected through the systematic review, a 
database was created to extract data of the relative frequencies 
for each allele with regard to each BRICS country. In one case, 
the allelic frequency results were provided after contacting the 
author by e-mail22. All allelic frequencies of HLA-DRB1 were 
independently collected by two investigators (ASM and CBD). 
From this database, individual files for each allele and country were 
generated in comma-separated value format for statistical analyses.

Statistical analysis

Statistical analyses were performed using the statistical software 
program R (version 3.3.3, available at www.R-project.org/) and the 

package meta (available at https://cran.r-project.org/web/packages/
meta/index.html). The average frequencies for individual alleles in 
each country, as well as the 95% confidence intervals (CIs) and the 
relative weight of each article, were calculated. The first evaluation 
used to assess publication bias and heterogeneity among the articles 
was visual inspection of the funnel plots23, followed by Cochran's 
Q test and the inconsistency measure (I2) of the forest plot. Fixed-
effect estimates were considered for I2 ≤ 50% and p-value >0.05, 
while random-effect estimates were considered for I2 > 50% and 
p-value <0.0524. Forest plots were also used to compare among 
each of the allelic frequencies of the HLA-DRB1 gene according 
to each country. 

RESULTS 

Systematic review

The article search and selection results for all the five search 
terms are presented in Figure 1. The search and article selection 
processes for each search term are illustrated in Figures S1-S5.

Overall, during the identification stage, 2,916 articles were 
analyzed from the five target countries. Of these 2,916 articles, 554 
were from Brazil, 188 from Russia, 554 from India, 1,338 from 
China, and 282 from South Africa. After analyzing the titles and 
summaries of each article, 394 articles from Brazil, 155 articles 
from Russia, 336 articles from India, 1,144 articles from China, and 
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252 articles from South Africa were not included. In these cases, 
the search either retrieved review articles or, in most cases, articles 
that presented only the allelic frequencies of HLA class I genes. 

Following the screening stage, 126 articles from Brazil, 33 
articles from Russia, 90 articles from India, 192 articles from China, 
and 30 articles from South Africa were analyzed for eligibility. In 
total, 393 of these articles were excluded: 104 from Brazil, 27 from 
Russia, 76 from India, 168 from China, and 18 from South Africa. 
These excluded studies were performed in restricted populations 
or families, were restricted to a specific HLA-DRB1 allele, or had 
presented insufficient data regarding allelic frequencies. 

In the next step, the methodological quality was assessed in 
the remaining 19 articles from Brazil, six articles from Russia, 14 
articles from India, 22 articles from China, and six articles from 
South Africa, published during 1997-2019. India was the only 
country in which all the retrieved articles were classified as high 
quality. Articles from Brazil, Russia, China, and South Africa were 
classified as of appropriate quality or high quality and were thus 
considered for meta-analysis. Overall, 39% of the articles included 
in the meta-analyses were of appropriate quality, while 61% were 
considered of high quality. 

The inclusion and exclusion criteria were clearly defined in 89% 
of the articles. Less than half of the studies (46%) did not analyze 
the full sample and did not specify the rationale for this discrepancy. 
Overall, the number of samples that were not analyzed was less 
than 5% of the total samples considered. In 21% of the studies, the 
frequencies of HLA-DRB1 alleles were not fully presented for all 
samples. 

The main method used to determine allelic frequencies was 
single specific primer-polymerase chain reaction (SSP-PCR), which 
is considered the gold standard method for HLA genotyping25. In 
addition to SSP-PCR, six articles, one from India and five from 
China, used other typing methods such as sequence-specific 
oligonucleotide probe-polymerase chain reaction and sequence-
based typing-polymerase chain reaction.

Most studies from Brazil were carried out in the South (6) and 
Southeast (7) regions, with those from the North (1), Northeast (2), 
and Midwest (1) being less represented. Articles from India were 
specific to the West (3), North (3), South (5), and Central West (1) 
regions of the country. Articles from Russia included individuals 
from the south (1), west (3), and northwest (2) regions, the latter 
home to two of the most populous cities in this country: Moscow 
and St. Petersburg, with approximately 12 m and 5 m inhabitants, 
respectively.

Among the articles published from China, seven were from 
the eastern region, five were from the south, and six were from the 
northeast, with fewer articles from the north (2), southeast (2), and 
central (1) regions. The articles from South Africa encompassed the 
Central (1), East (2), and Northeast (1) regions of the country. Some 
articles from Brazil, China, and South Africa included samples from 
national bone marrow banks, that is, individuals from the entire 
country, were considered.

Among all articles, 67 were selected for the meta-analysis, 
corresponding to 3,207,861 healthy individuals from the BRICS 
countries, distributed as follows: 3,087,960 individuals from Brazil, 
in 19 articles; 2,333 individuals from Russia in six articles; 3,111 
individuals from India in 14 articles; 110,497 healthy individuals 
from China in 22 articles and 3,960 individuals from South Africa 
in six articles. The list of articles selected for meta-analysis, with 
respective locations, methodological quality scores, and sample 
size, is presented in Table S1.

Meta-analysis

A meta-analysis was performed to estimate the frequencies 
of the 13 allelic groups of HLA-DRB1 in populations of BRICS 
countries. The frequencies, heterogeneity, and p-values obtained 
for each allele are summarized in Table 1.

HLA-DRB1 alleles *03, *04, *07, *11, *13, and *15 show 
combined frequencies varying between 52% and 80% in the BRICS 
countries. Least variation was observed for HLA-DRB1*04 and 
*07. Similar frequencies of HLA-DRB1*13 are found in Brazil, 
Russia, and India, while approximately half of these values are 
present in China and South Africa. Likewise, HLA-DRB1*11 is 
present at similar frequencies in Brazil, Russia, and South Africa, 
but nearly half as much in India and China. The HLA-DRB1*15 
allele was found to be present in 23% (95% CI=22-24) of the Indian 
population, and at least 10% of the populations of the other BRICS 
countries were considered. The HLA-DRB1*03 allele is most 
frequent in South Africa, with a frequency of 20% (95% CI=16-25), 
up to five times higher than that in the other populations studied.

HLA-DRB1 *01, *08, *09, *10, *12, and *14 are relevant in one 
or two BRICS populations. The HLA-DRB1*01 allele is present at 
similar frequencies in Brazil, Russia, and South Africa but is present 
only in approximately 2% of the populations from India and China. 
The HLA-DRB1*10 allele is present in 9% of the Indian population 
but is present in less than 2% of other BRICS populations.  
HLA-DRB1*09 and *12 alleles are present at frequencies of 
more than 10% in China but less than 5% in the other countries 
investigated herein. HLA-DRB1*08 and *14 are present in 7% and 
6% of the Chinese population, respectively; either of them could 
be targeted to achieve 80% of minimum coverage in the country. 

The heterogeneity among the studies was generally above 50%. 
China was the only country wherein heterogeneity was considered 
significant for all 13 alleles. Accordingly, all allelic frequencies 
considered for China took into account the random effect estimates. 
Regarding other countries, the frequencies were partly evaluated 
by fixed-effects analysis, while the remaining part was analyzed 
by random-effects analysis. The frequencies of the HLA-DRB1*11 
and *14 alleles were estimated using random-effects analysis in all 
the countries. No heterogeneity was observed for the HLADRB1 
alleles *10 in Brazil; *07, *08, *15, and *16 in Russia; *12 in India; 
and *09 in South Africa.

DISCUSSION

The present work reports the most frequent HLA-DRB1 alleles 
in the populations of Brazil, Russia, India, China, and South Africa, 
which we propose as targets for the development of new vaccines 
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TABLE 1: Average frequencies of HLA-DRB1 alleles from BRICS populations.

HLA
DRB1 COUNTRIES

Brazil Russia India China South Africa

PR 
(%)

CI 
95% I2% (p) PR

(%)
CI 
95% I2% (p) PR 

(%)
CI 
95% I2% (p) PR 

(%)
CI 
95% I2% (p) PR 

(%)
CI 
95% I2% (p)

*01 9a 9-9 7 (0.38) 11a 10-13 60 (0.01) 2 1-3 12 (0.3) 2 2-3 97 (0.0001) 7 4-9 89 (0.0001)

*03 10a 9-10 46 (0.03) 9a 7-11 75 (0.0001) 9a 8-10 48 (0.05) 4ª 4-5 87 (0.0001) 21a 15-27 96 (0.0001)

*04 11a 10-13 78 (0.0001) 11a 10-12 1 (0.4) 7a 5-9 65 (0.04) 11a 11-12 84 (0.0001) 9a 6-12 93 (0.0001)

*07 11a 10-12 70 (0.0001) 13a 12-14 0 (0.8) 14a 12-16 67 (0.02) 10a 9-11 98 (0.0001) 9a 7-10 70 (0.005)

*08 6a 6-7 59 (0.002) 4 3-4 0 (0.8) 1 0-2 69 (0.01) 7a 6-8 91 (0.0001) 2 1-4 91 (0.0001)

*09 1 1-2 81 (0.0001) 1 0-1 58 (0.02) 1 0-1 60 (0.09) 15a 14-16 96 (0.0001) 1 1-1 0 (0.8)

*10 2 2-2 0 (0.5) 1 0-1 43 (0.09) 8 6-9 53 (0.03) 1 1-2 61 (0.0001) 2 1-2 64 (0.02)

*11 13a 11-14 87 (0.0001) 13a 10-16 79 (0.0001) 7a 6-10 90 (0.0001) 6a 6-6 83 (0.0001) 15a 13-18 82 (0.0001)

*12 2 1-2 75 (0.0001) 2 1-2 48 (0.07) 3 2-4 0 (0.5) 12a 12-13 86 (0.0001) 3 2-5 88 (0.0001)

*13 14a 13-14 39 (0.06) 11a 9-13 64 (0.006) 11a 10-13 40 (0.1) 6a 5-6 90 (0.0001) 16a 14-18 65 (0.01)

*14 4 3-5 90 (0.0001) 3 1-4 87 (0.0001) 9a 7-11 65 (0.004) 6 6-7 92 (0.0001) 2 0-3 92 (0.0001)

*15 10a 9-10 36 (0.08) 14a 13-15 0 (0.4) 23a 21-24 46 (0.06) 15a 14-16 95 (0.0001) 10a 9-11 15 (0.3)

*16 4 4-5 55 (0.005) 4 4-5 0 (0.9) 0 0-1 16 (0.3) 2 2-3 96 (0.0001) 0 0-1 52 (0.08)

CFrq 84 82 80 86 80

PR: Pooled Results. CFrq, combined estimated frequency for the highlighted alleles. 
aHLA-DRB1 gene alleles with combined estimated frequencies representative of at least 80% of the populations evaluated. The alleles that are present in relevant 
proportions in most or all of the BRICS countries are highlighted in grey.

against tuberculosis. We performed a systematic review followed 
by meta-analysis as methodologies of summarizing the estimates 
of allelic frequencies, using an adapted scale to judge the quality 
of the studies retrieved (as there are no previously published scales 
proposed for this goal). It is important to emphasize that the use 
of systematic reviews and meta-analyses as a means of reaching 
broad generalizations beyond the estimates of the effect of specific 
interventions, although not frequent, has a long-recognized value 
in a broad range of scientific fields19.

We were able to retrieve not less than six articles per country 
containing data on all the HLA-DRB1 alleles for inclusion in our 
meta-analysis. The decision to focus only on HLA-DRB1 was 
supported by our observation, during the identification stage, that 
the databases contained only 43 articles measuring the frequencies 
of HLA-DQ or HLA-DP alleles in any of the BRICS countries. 
Moreover, all these studies reported isolated, specific allelic 
frequencies, as compared to the ensemble of alleles for these loci. 
Likewise, an insufficient number of studies have analyzed HLA 
class I alleles. Liang et al. reported that a significant overlap can 
occur between HLA class I and class II alleles regarding their 
specificity to epitopes of the same antigen17. However, it is not 
clear whether a significant overlap is recognized within the same 
individual.

Given the frequencies found in the aforementioned populations, 
HLA-DRB1*03, *04, *07, *11, *13, and *15 should be considered 
as core alleles in the design of new vaccines providing a high 
coverage throughout the BRICS countries. In addition to these 
core alleles, HLA-DRB1*01 and *08 in Brazil, HLA-DRB1*01 in 
Russia, HLA-DRB1*14 in India, and HLA-DRB1*09 and *12 as 
well as *08 or *14 in China should also be regarded as important 
targets to yield at least 80% coverage in these specific populations. 
By contrast, HLA-DRB1*10 and *16 should not be essential targets 
for new vaccine candidates, as epitopes with low affinity to these 
alleles, but with high affinity to the remaining discussed alleles, 
would nonetheless be capable of triggering responses in at least 
80% of the BRICS populations.

Among the most frequently found alleles, HLA-DRB1*15, 
present in at least 10% of all five populations, is associated with a 
higher incidence of active pulmonary TB and has been considered 
a possible marker of disease development26. Similarly, HLA-
DRB1*09, found at a frequency as much as 15 times higher in 
Chinese populations than in the other BRICS countries studied has 
also been associated with susceptibility to TB, especially in East 
Asian populations. Conversely, HLA-DRB1 alleles *03, *07, *12, 
and *13 are associated with protection against TB as reported in a 
meta-analysis that examined studies from 12 countries27.
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Our meta-analysis showed high heterogeneity, which is 
likely due to the range of study types included23,28. All studies 
included herein were considered to be cross-sectional in nature, 
as we retrieved only results originating from the control groups; 
however, the original study designs included prospective cohorts 
and case-control studies. Meta-analyses of cross-sectional studies 
tend to show high heterogeneity and frequently employ random-
effect modeling28. Random-effects analysis tends to produce more 
conservative results, thereby reducing the risk of bias. However, the 
inclusion of an extensive number of studies is considered to reduce 
the impact of discrepant observations29. Thus, it was possible to 
account for the differences in sample sizes while still maintaining 
CIs similar to those calculated using the fixed-effects analysis.

One limitation of this study was the lack of sufficient articles to 
explore more specific allelic frequencies within all 13 HLA-DRB1 
allelic groups. The affinity of the alleles within each allelic group 
for a given epitope can vary considerably17. However, for most 
HLA-DRB1 allelic groups, one or a few alleles are responsible for 
a high proportion of their occurrence17, and there are tools available 
to address this issue in vaccine design30.

In conclusion, we propose that epitope-based candidates for 
vaccines against TB should have high affinity to the HLA-DRB1 
alleles *03, *04, *07, *11, *13, and *15 as core targets, and to *01, 
*08, *09, *12, and *14 as additional targets, especially with regard 
to TB control in the BRICS countries. 

ACKNOWLEDGMENTS

We thank Artur Queiroz, Pablo Ivan Ramos and Martha 
Martínez Silveira for expert review of the manuscript; Andris Walter 
for expert language revision and Iasmim Diniz Orge for assistance 
as a trainee in this project. 

FINANCIAL SUPPORT

This work was supported by National Scientific and Technological 
Research Council (CNPq) [grant number 158967, 2015] and 
Bahia’s State Foundation for Research Support (FAPESB) [grant 
number BOL2647, 2013]. This study was financed in part by the 
Coordenação de Aperfeiçoamento de Pessoal de Nível Superior - 
Brasil (CAPES) - Finance Code 001

AUTHORS’ CONTRIBUTION

AS: Data curation; Methodology; Investigation; Formal 
analysis; Writing - original draft; Writing - review and editing; 
Visualization; CBD: Data curation; Methodology; Investigation; 
Formal analysis; Writing - original draft; Visualization; CMCM: 
Conceptualization; Methodology; Formal analysis; Supervision; 
TB: Conceptualization; Resources; Investigation; Writing - original 
draft; Writing - review and editing; Visualization; Supervision; 
Project administration; Funding acquisition

CONFLICT OF INTEREST

The funders had no role in the study design, data collection 
and analysis, decision to publish, or preparation of the manuscript. 
None of the authors has any potential financial conflict of interest 
related to this manuscript.

ORCID

Alice Sarno: 0000-0001-7440-695X
Cleidiane Borges Daltro: 0000-0001-8395-2768
Carlos Mauricio Cardeal Mendes: 0000-0003-2089-5668
Theolis Barbosa: 0000-0003-1928-0404

REFERENCES

1. WHO. Global tuberculosis report 2020. Geneva, Switzerland: World 
Health Organization; 2020.

2. Ritz N, Curtis N. Mapping the global use of different BCG vaccine 
strains. Tuberc Edinb Scotl 2009;89(4):248-51.

3. Peck M, Gacic-Dobo M, Diallo MS, Nedelec Y, Sodha SS, Wallace AS. 
Global Routine Vaccination Coverage, 2018. MMWR Morb Mortal 
Wkly Rep. 2019;68:937-42.

4. Roy A, Eisenhut M, Harris RJ, Rodrigues LC, Sridhar S, Habermann 
S, et al. Effect of BCG vaccination against Mycobacterium tuberculosis 
infection in children: systematic review and meta-analysis. BMJ. 
2014;349(1):1-11.

5. Mangtani P, Abubakar I, Ariti C, Beynon R, Pimpin L, Fine PEM, et al. 
Protection by BCG Vaccine Against Tuberculosis: A Systematic Review 
of Randomized Controlled Trials. Clin Infect Dis. 2014;58(4):470-80.

6. McShane H. Insights and challenges in tuberculosis vaccine 
development. Lancet Respir Med. 2019;7(9):810-9.

7. Schrager LK, Vekemens J, Drager N, Lewinsohn DM, Olesen OF. 
The status of tuberculosis vaccine development. Lancet Infect Dis. 
2020;20(3):e28-37.

8. Smith CM, Proulx MK, Olive AJ, Laddy D, Mishra BB, Moss C, et 
al. Tuberculosis susceptibility and vaccine protection are independently 
controlled by host genotype. MBio. 2016;7(5):1-13.

9. Lalor MK, Floyd S, Gorak-Stolinska P, Ben-Smith A, Weir RE, 
Smith SG, et al. BCG vaccination induces different cytokine profiles 
following infant BCG vaccination in the UK and Malawi. J Infect Dis. 
2011;204(7):1075-85.

10. Abebe F. Is interferon-gamma the right marker for bacille Calmette-
Guérin-induced immune protection? The missing link in our 
understanding of tuberculosis immunology. Clin Exp Immunol. 
2012;169(3):213-9.

11. Jouanguy E, Lamhamedi-Cherradi S, Lammas D, Dorman SE, 
Fondanèche M-C, Dupuis S, et al. A human IFNGR1 small deletion 
hotspot associated with dominant susceptibility to mycobacterial 
infection. Nat Genet. 1999;21(4):370-8.

12. Wolday D, Kebede Y, Legesse D, Siraj DS, McBride JA, Kirsch MJ, 
et al. Role of CD4/CD8 ratio on the incidence of tuberculosis in HIV-
infected patients on antiretroviral therapy followed up for more than a 
decade. PloS One. 2020;15(5):e0233049.

13. Geremew D, Melku M, Endalamaw A, Woldu B, Fasil A, Negash M, 
et al. Tuberculosis and its association with CD4+ T cell count among 
adult HIV positive patients in Ethiopian settings: a systematic review 
and meta-analysis. BMC Infect Dis. 2020;20(1):325.

14. Orme IM, Robinson RT, Cooper AM. The balance between protective 
and pathogenic immune responses in the TB-infected lung. Nat 
Immunol. 2014;16(1):57-63.

15. Neefjes J, Jongsma MLM, Paul P, Bakke O. Towards a systems 
understanding of MHC class I and MHC class II antigen presentation. 
Nat Rev Immunol. 2011;11(12):823-36.

Sarno A et al. - HLA-DRB1 alleles in BRICS countries



  7/6

16. Xie Y-C, Qu Y, Sun L, Li H-F, Zhang H, Shi H-J, et al. Association 
between HLA-DRB1 and myasthenia gravis in a northern Han Chinese 
population. J Clin Neurosci. 2011;18:1524-7.

17. Liang C, Bencurova E, Psota E, Neurgaonkar P, Prelog M, Scheller 
C, et al. Population-Predicted MHC Class II Epitope Presentation of 
SARS-CoV-2 Structural Proteins Correlates to the Case Fatality Rates 
of COVID-19 in Different Countries. Int J Mol Sci. 2021;22(5).

18. Shorten A, Shorten B. What is meta-analysis? Evid Based Nurs. 
2013;16(1):3-4.

19. Gurevitch J, Koricheva J, Nakagawa S, Stewart G. Meta-analysis and 
the science of research synthesis. Nature. 2018;555(7695):175-82.

20. GA Wells, B Shea, D O’Connell, J Peterson, V Welch, M Losos PT. The 
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised 
studies in meta-analyses. Ottawa Hospital Research Institute. 2009.

21. Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, 
et al. Meta-analysis of observational studies in epidemiology: a proposal 
for reporting. Meta-analysis Of Observational Studies in Epidemiology 
(MOOSE) group. JAMA. 2000;283(15):2008-12.

22. Favorova OO, Favorov AV, Boiko AN, Andreewski T V, Sudomoina 
MA, Alekseenkov AD, et al. Three allele combinations associated with 
multiple sclerosis. BMC Med Genet. 2006;7(63):1-9.

23. Sterne JAC, Sutton AJ, Ioannidis JPA, Terrin N, Jones DR, Lau J, et al. 
Recommendations for examining and interpreting funnel plot asymmetry 
in meta-analyses of randomised controlled trials. BMJ. 2011;343(1):1-8.

24. Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring 
inconsistency in meta-analyses. BMJ. 2003;327(7414):557-60.

25. Passey, Mike Bunce B. HLA Typing by Sequence-Specific Primers. 
Methods Mol Biol, vol. 1034. Humana Press, Totowa, NJ; 2013. p. 313-8.

26. Li C-P, Zhou Y, Xiang X, Zhou Y, He M. Relationship of HLA-DRB1 
gene polymorphism with susceptibility to pulmonary tuberculosis: 
updated meta-analysis. Int J Tuberc Lung Dis. 2015;19(7):841-9.

27. Tong X, Chen L, Liu S, Yan Z, Peng S, Zhang Y, et al. Polymorphisms 
in HLA-DRB1 Gene and the Risk of Tuberculosis: A Meta-analysis of 
31 Studies. Lung. 2015;193(2):309-18.

28. Fletcher J. What is heterogeneity and is it important? BMJ. 
2007;334(7584):94-6.

29. von Hippel PT. The heterogeneity statistic I(2) can be biased in small 
meta-analyses. BMC Med Res Methodol. 2015;15(35):1-8.

30. Oyarzun P, Kashyap M, Fica V, Salas-Burgos A, Gonzalez-Galarza FF, McCabe 
A, et al. A Proteome-Wide Immunoinformatics Tool to Accelerate T-Cell 
Epitope Discovery and Vaccine Design in the Context of Emerging Infectious 
Diseases: An Ethnicity-Oriented Approach. Front Immunol. 2021;12:598778.

Rev Soc Bras Med Trop | on line | Vol.:54 | (e0017-2021) | 2021

https://creativecommons.org/licenses/by/4.0/

