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Abstract

Introduction: human leukocyte antigen (HLA)
class Il alleles play an important role in the early
immune response to tuberculosis (TB) by presenting
antigenic peptides to CD4+ T cells, hence
polymorphisms in those genes can influence the
efficiency of the immune response to infection and
progression to active disease. Methods: an
analytical cross-sectional study of adult pulmonary
tuberculosis (PTB) patients at Mbagathi County
Hospital, Nairobi and their HHCs.
Sociodemographic data were captured on
questionnaires and clinical data extracted from
patient files. Intravenous blood samples were
drawn for interferon-gamma release assay (IGRA)
to determine latent tuberculosis infection (LTBI)
among HHCs, and for extraction of DNA used in
typing of HLA-DQB1 and HLA-DRB1 alleles by PCR
sequence specific primer amplification. Chi-square
and Fisher's exact test were used to compare the
HLA type Il allele frequencies of LTBI negative HHCs,
LTBI positive HHCs and active TB patients. Logistic
regression was used to adjust for HIV status.
Results: the HLA-DQB1 and HLA-DRB1 alleles were
analyzed in 17 PTB and 37 HHCs. Nineteen (19)
HHCs were LTBI positive, while 18 were LTBI
negative. The frequency of DRB3*1 was 0.17-fold
lower [95% CI=0.03-0.83] among PTB patients
compared to HHCs before adjustment for HIV status
(p=0.048). The frequency of the DRB5*2 allele was
significantly higher (p=0.013) among PTB patients
(23.5%) compared to HHCS (0.00%). After adjusting
for HIV status, the frequency of DRB1*14 was 12-
fold higher [95% Cl=1.11-138.2] among PTB
patients  compared to HHCs  (p=0.040).
Conclusion: the higher frequencies of HLA-DRB5*2

and HLA-DRB1*14 alleles in PTB patients suggest a
likely association with progression to active PTB.
The higher frequency of HLA-DRB3*1 allele among
LTBI negative HHCs shows its likely protective role
against M. tuberculosis infection in this population.

Introduction

Tuberculosis (TB) continues to be an infectious
disease of public health concern, with the
highest-burden afflicting sub-Saharan countries.
Recent efforts by World Health Organization to
reduce and possibly eliminate TB emphasize the
importance of treating the pool of individuals with
latent TB infection (LTBI) and putting more effort
into researching more efficacious
population-specific vaccines. Pathogen, host, and
environmental factors all play a role in the outcome
of exposure to Mpycobacterium tuberculosis.
Although many environmental factors that
contribute to the sustained high prevalence of TB
are known, it is not clear to what extent host
genetic differences may account for the higher
levels of infection observed in some countries [1,2].
Infectious diseases exert significant selective
genetic pressure, and the genes involved in the
immune response are exquisitely diverse [3]. This
diversity explains, in part, why some people resist
infection more successfully than others [4]. The
observations suggest a vital role for host genetic
variability in the susceptibility to exogenous
pathogens [5]. The frequencies of some host
factors, most significantly alleles associated with
susceptibility or resistance to TB, may differ among
populations according to ethnic or racial
backgrounds. Global data shows that TB occurs at
different rates among particular races, ethnicities,
and families, indicating a genetic predisposition to
TB susceptibility [6].

Studies have also shown that certain HLA class Il
alleles are protective against infection or rapid
progression after infection, with a great degree of
variation. Several case-control, candidate-gene,
family studies, and genome-wide association
studies (GWAS) suggest the association of host
genetic factors to TB susceptibility or resistance in
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various ethnic populations. They have reported
genetic markers that can predict TB development in
human leukocyte antigen (HLA) and non-HLA genes
like killer immunoglobulin-like receptor (KIR), toll-
like receptors (TLRs), cytokine/chemokines and
their receptors, vitamin D receptor (VDR), among
others [7]. The HLA class Il alleles play an important
role in the early immune response to TB by
presenting antigenic peptides to CD4 T cells. HLA
molecules are among the most polymorphic human
gene products known. Polymorphisms affecting
antigen processing and presentation, and hence
the profile of cytokines secreted, can influence the
efficiency of the immune response to infection and
can play a significant role in the host response [8].
This diversity would also pose a limitation on the
global use of a vaccine candidate if the analysis was
based on pathogen strains and allele frequencies of
HLA molecules in only specific populations.
Therefore, the distribution and frequency of HLA
alleles within a certain population would be very
useful baseline data for vaccine design studies and
in formulation of population-specific intervention
strategies, especially in countries classified as
having a high TB burden. Here, we analyzed the
frequencies of HLA class Il alleles of the DRB- and
DQB- loci in pulmonary tuberculosis (PTB) patients
and compared these frequencies with those of their
adult household contacts stratified as LTBI positive
and LTBI negative using the Interferon Gamma
Assay (IGRA) test. We hypothesized that certain
HLA class Il alleles might be associated with
protection against infection, or upon infection, with
failure to progress to active TB.

Objective: to evaluate the association between
Human Leukocyte Antigen Class Il (HLA-DRB and -
DQB) alleles frequencies and outcome of exposure
to Mycobacterium tuberculosis.

Methods

Study setting and design: the study participants
consisted of adult PTB patients and their household
contacts (HHCs), and all were enrolled at Mbagathi
County Hospital in 2016. The hospital is a public
health facility under the County Government of

Nairobi’s Department of Health Services. It
provides a broad range of services, including an
outpatient clinic and in-patient wards for PTB
patients. All the participants gave informed consent
before being enrolled into the study. Thereafter, a
study questionnaire was administered after which
biological specimens were collected. An analytical
cross-sectional design was adopted for this study.
Consenting individuals were enrolled using a
convenience sampling technique.

Study population

Pulmonary tuberculosis (PTB) patients: inclusion
and exclusion criteria: the PTB patients enrolled
were adults diagnosed at Mbagathi County Hospital
and confirmed to have TB by sputum smear
microscopy and GeneXpert test with
complementary information from chest X-rays. One
hundred and sixty-six (166) PTB patients were
enrolled from the outpatient clinic and in-patient
TB wards, and 175 HHCs who provided informed
consent were also enrolled. Sociodemographic
data on age, gender, marital status, level of
education, and clinical data such as HIV sero-status
was collected using a questionnaire and from
patient files. All HHCs were analysed for LTBI.
Genotyping of the HLA-DRB and human leukocyte
antigen (HLA-DRB) loci was carried out on 20
randomly selected PTB patients” samples and
alleles were successfully identified in 17 patients.
Despite repeated analysis of extracted DNA, some
of the DNA samples did not yield results in the
sequence-specific amplification polymerase chain
reaction (SSP-PCR) analysis.

Household contacts (HHC): inclusion and exclusion
criteria: household contacts were persons living
with, shared meals and slept under the same roof
with a PTB patient. Adult HHCs were enrolled as
they accompanied patients to the out-patient TB
clinic or hospital visiting hours in the wards. They
showed no signs or symptoms of TB, were
apparently in good health, were not pregnant, were
not on immunosuppressive drugs, had no history of
TB infection and had no prior preventive therapy
for LTBI. An IGRA test was used to identify HHCs
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who had latent TB infection, and based on this, the
HHCS were grouped as LTBI positive and LTBI
negative. Sociodemographic data was collected
using a questionnaire. Confounding factors like race
and genetic background in the ethnically
heterogeneous urban setting was reduced by
recruiting HHCs of the patients, most of whom
were relatives of the patient. The presence or
absence of HIV in the samples was determined in
the laboratory as the IGRA analysis performed.
Genotyping of the HLA-DRB and HLA-DRB loci was
carried out on 40 randomly selected HHCs” samples
and alleles were successfully identified in 37 HHCs.
Despite repeated analysis of extracted DNA, some
of the DNA samples did not yield results in the
SSP-PCR analysis.

Blood sample collection: blood specimen was used
to diagnose LTBI from HHCs and for HLA
genotyping. For the IGRA test, 5ml of blood was
collected aseptically from HHCs through venous
puncture into three QuantiFeron tubes (nil,
antigen, and mitogen tubes) in the QuantiFeron®-
TB Gold in-tube kit (QFT-GIT), (Qiagen, Germany)
and transported immediately to the Biozeq- KAVI-
ICR laboratory for processing. For HLA typing, 5ml
of blood was collected in EDTA blood collection
tubes from the PTB patients and the HHCs. The
samples were centrifuged at 3000rpm for 10min.
Buffy coat were aliquoted into 2ml screw-cap tubes
and stored at -20°C till needed for DNA extraction.

The interferon-gamma release assay (IGRA) test:
the QuantiFeron®-TB Gold in-tube test (QFT GIT)
was used to perform the IGRA test according to the
manufacturer's (Cellestis Qiagen, Germany)
instructions where the HHCs were categorized as
LTBI positive and negative based on the Elisa value
for interferon gamma (IFN-y). Diagnosis of LTBI
among HHCs was described as reported by Odera
et al. where the overall prevalence of LTBI was
55.7% [9].

Extraction of DNA from blood: deoxyribonucleic
acid (DNA) was extracted from the buffy coat of
samples using the QIJAmp DNA mini kit (qgiagen,
strasse 1, Hilden Germany) following the

manufacturer's instructions. Briefly, 200 ul of the
buffy coat was lysed with proteinase K and DNA
molecules adsorbed onto silica-gel membranes
with a high chaotropic salt concentration. The
resulting DNA were washed and eluted in 200 pl of
buffer AE and quantified using standard ultraviolet
(UV) spectrophotometric analysis. The A260/A280
ratio was between 16 - 2.0 via UV
spectrophotometry for optimal band visualization.

HLA-DQB and HLA-DRB genotyping: the HLA SSP
(sequence specific primers) technique was used to
identify HLA-DQB1 and -DRB1 alleles from DNA
using the PCR method. Genotyping was performed
using the -DR and -DQ low resolution kit (Olerup
SSP®, AB Franzengatan 5, SE- 112 51 Stockholm,
Sweden) following the manufacturer's instructions.
The PCR master mix was prepared using PCR water,
deoxynucleotide triphosphate (DNTPs),
magnesium chloride (MgCl,) and Tag-polymerase
and aliquoted into 96-well plates with primer
mixes. The method allowed simultaneous
genotyping of two loci on the same plate
(multiplex). The extracted DNA (75ng) was added
into each well and PCR amplification done. Gel-
electrophoresis was done wusing a qiaxcel
automated machine which uses a special
commercial cartridge. The PCR products were
displayed on the screen after running for 25
minutes on the Qiaxcel machine. After PCR
amplification, the gel picture was uploaded into the
Olerup SSP Analysis Software where positive bands
were marked in the input data section and
analyzed. Genotypes were evaluated using the
Olerup SSP HLA allele typing software.

Statistical analysis: statistical package for social
scientists (SPSS) software (version 25) was used as
the statistical analysis tool. The outcomes of
exposure to Mycobacterium tuberculosis were
sterilizing immunity against infection (LTBI
negative), clinically latent infection (LTBI positive)
and active TB disease. Chi-square test was used to
compare HLA alleles frequencies among the
infected (PTB patients and LTBI positive HHCs) and
the uninfected (LTBI negative HHCs) stratified by
gender and HIV status. The Fisher's exact test was
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used when an expected absolute cell frequency was
less than five. Logistic regression was used to
control HIV status. Odds ratios (OR) and adjusted
odds ratios (AOR) were evaluated as measures of
association with a p value <0.05 considered to be
statistically significant at 95% confidence interval
(c).

Ethical considerations: the Kenyatta National
Hospital/the University of Nairobi Ethics and
Research Committee (KNH/UoN ERC) reviewed and
approved the study, Reference No. KNH-
ERC/A/392. Written informed consent was
obtained from TB patients and their HHCs before
enrolment in the study. Mbagathi District
Hospital/Nairobi County granted permission to
conduct the study.

Results

Demographic and clinical characteristics of the
study participants: we analyzed the DNA extracts
of 60 study participants and identified alleles in
HLA-DQB and -DRB loci in 54 study participants
comprising 17 PTB patients and 37 HHCs. The DNA
extracts from the unyielding samples were re-
submitted to the typing protocol but it was
unsuccessful. The mean age of the HHCs (36.3+11.2
years) was slightly older than that of PTB patients
(32.949.8 years) although this was not statistically
significantly (p=0.26). Most of the participants were
female in both the PTB patients and HHCs groups,
at 58.8% and 56.8% respectively. More PTB
patients had a past history of smoking (5.9%)
compared to HHCs (2.7%) while alcohol
consumption was higher among the HHCs (16.2%)
than the PTB patients (5.9%). The differences in
gender, past history of smoking and alcohol
consumption were also not statistically significant.
We observed that 41.2% of the PTB patients were
HIV positive compared to 100% of HHCs who were
all HIV negative (p<0.01) (Table 1).

Distribution of HLA-DRB and HLA-DQB alleles
among the study participants by gender: from a
total of 54 samples analyzed through SSP-PCR
genotyping, we determined the HLA-DRB

genotypes in 47 samples from which 18 allelic
groups were identified while the HLA-DQB
genotypes were determined in 36 samples from
which 6 allelic groups were identified. We repeated
the PCR typing in the unyielding samples for the
specific loci but the typing was unsuccessful. HLA-
DRB alleles with frequencies >5% were 12 while all
identified HLA-DQB alleles had frequencies >5%
(Table 2). We compared the frequency of
distribution of alleles across gender (Figure 1) and
noted that while the frequency most HLA-DRB
alleles was higher among males compared to
females (12/18), the difference was not statistically
significant before adjusting for HIV status (Table 2).
The frequency of DQB alleles was comparable
among females and males before adjusting for HIV
status. After adjustment for HIV status, the
frequency of the DRB1*9 allele was significantly
higher among females (19.2%) compared to males
(0.0), p=0.034 (Table 2).

Distribution of HLA-DRB and HLA-DQB alleles
among pulmonary tuberculosis  patients
compared to household contacts: when we
compared the distribution of the HLA-DRB and HLA-
DQB alleles between the patients and HHCs before
adjustment for HIV status, the frequency of the
DRB5*2 allele was 23.5% higher among PTB
patients compared to HHCS (p=0.013). The
frequency of DRB3*1 was 0.17-fold lower (95%
Cl=0.03-0.83) among PTB patients compared to
HHCs before adjustment for HIV status. After
adjusting for HIV status, the frequency of DRB1*14
was 12-fold higher (95% Cl=1.11-138.2) among PTB
patients compared to HHCs (p=0.040). The
frequencies of other -DRB and -DQB alleles
between PTB patients and HHCs were comparable
(Table 3).

Distribution of HLA-DRB and HLA-DQB alleles
among study participants stratified as pulmonary
tuberculosis patients, latent TB negative
household contacts, and latent TB positive
household contacts: allele distribution between
PTB, LTBI-ve, and LTBI +ve HHCs was compared
(Figure 2). The results of the IGRA test revealed 19
HHCs were infected (latent TB positive) while 18
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were uninfected (latent TB negative). The
frequency of the HLA-DRB3*1 allele was 34.4%
significantly higher among LTBI -ve HHCs than PTB
patients (p=0.049) before adjustment for the HIV
status of patients. The frequency of other DRB
alleles and all the DQB alleles evaluated was
comparable between PTB and LTB+, PTB and LTBI -
ve and LTBI +ve and LTBI -ve. After adjusting for HIV
status, the frequency of -DRB and -DQB alleles was
comparable between PTB and LTBI+, PTB and LTBI -
ve and LTBI +ve and LBVI -ve (Table 4).

Discussion

The overall goal of this study was to evaluate the
association between HLA-DRB and HLA-DQB alleles
frequencies and susceptibility to Mycobacterium
tuberculosis infection in a Kenyan population. The
study participants' mean age and gender
distribution was comparable across the patients
and HHCs. The mean age of the PTB patients (32.9
years) mirrored the 2019 WHO report of TB in
Kenya which documented that the majority of TB
infected individuals are in the 25-34 age group
(WHO 2019 TB global data report Kenya). Analysis
of HLA-DRB locus revealed -DRB1*1 (34.0%) and -
DRB3*2 (34.0%) alleles were the highest in the
population, followed by -DRB3*1 (31.9%) and -
DRB1*4 (19.1%) while the least frequent alleles
were -DRB1*2, DRB1*10 and DRB1*16 (all
occurring at 2.1%). At the DQB locus, DQB1*3,
DQB1*4 and DQB1*6 were the most frequent,
being identified among 30.6% of the study
population DQB1*1and DQB1*2 were the least
frequent (both occurring at 5.6%). A 2014 study
report on the diversity of HLA class | and Il alleles in
an East African population also identified HLA-
DRB3*2 and HLA-DQB1*3 among the most
common alleles in the -DRB and -DQB loci [10].
Similar to our study, only one HLA-DRB4 allele
(DRB4*1) was identified in both study populations.
However, observed differences in frequency of
other alleles in the two studies could be due to
variations in the ethnic background of the
populations in the different geographical locations
and the gender bias of female participants only in

the East African study. A comparison of the
frequency distribution of the alleles across gender
revealed an even distribution of HLA-DQB alleles.
Analysis of the distribution of the HLA-DRB alleles
revealed a higher frequency in males compared to
females except the HLA-DRB1*9 alleles which was
significantly higher (p=0.034) among females after
controlling for the HIV sero-status. Few studies
have suggested that gender significantly influences
the distribution of HLA-DR and -DQ alleles [11], and
more research on our study finding should be
explored in a larger study.

Comparative analyses were done and frequencies
and odds ratios interpreted as the measure of
association between HLA allele frequency and
susceptibility to tuberculosis infection and/or
progression to active TB. This study did not find
significant differences in the frequencies of HLA-
DQB alleles in the PTB patients, latent tuberculosis-
infected, and latent tuberculosis negative HHCs.
Therefore, none of the identified HLA- DQB alleles
were associated with infection susceptibility or
progression to PTB in this population. This finding
was in agreement with the study of Duarte et al. in
2011 who studied a Portuguese population and
found no association between the phenotypic
distribution of HLA-DQB in the healthy exposed
group (healthy exposed positive and healthy
exposed negative) and patients who had active
TB [12]. Other studies by Cao et al. in the USA and
Lombard et al. in South Africa also reported no
association, complementing our findings [13,14].
However, a study in Uganda reported a negative
correlation between TB susceptibility and the
DQB1*3 allele, which contradicted our
findings [15]. Additionally, other studies in
India [16], Thailand [17], and Iran [18] reported a
positive correlation between TB susceptibility and
expression of DQB alleles. From the available data,
the divergent associations might be due to
differences in sample size, study designs, and the
genetic heterogeneity of the Mycobacterium
tuberculosis complex, which were not controlled
during our analyses. We also had a small sample
size that might have underestimated or
overestimated the link between the HLA-DQB1

Susan Odera et al. PAMJ - 41(149). 21 Feb 2022. - Page numbers not for citation purposes.


https://www.panafrican-med-journal.com
javascript:%20void(0)

Article 3

PanAfrican
000  \/icdical
090 Journal

alleles and TB susceptibility or resistance in this
population.

The HLA-DRB3*1 allele occurred at a statistically
significant higher frequency (p=0.049) among
latent TB negative HHCs (46.2%) compared to PTB
patients (11.8%). The negative association with
susceptibility suggests that this allele could be
protective against infection and progression to
active TB. Our findings contradicted a 2019 study in
Mali, West Africa which reported the HLA-
DRB3*01: 01 allele among others had significant
association with Mycobacterium tuberculosis
infection compared to healthy controls [19]. Unlike
our study which did not control for the strains in the
Mycobacterium tuberculosis complex, the Mali
study analyzed whether the association of HLA with
TB susceptibility was strain dependent with
epidemiological evidence that M. africanum was
more common in West Africa compared to other
regions in the continent. Furthermore, the variation
in HLA-DRB allele distribution across populations in
Africa's Western and Eastern regions could also
contribute to the different findings. Because of the
paucity of published literature on the association of
the HLA-DRB3*1 allele with TB disease, we could
not make further comparisons with our findings.
Notably, the DRB3*1 allele was one of the most
common HLA-DRB alleles occurring in 31.9% of our
study population. Pathogens often adapt to the
most frequent HLA alleles, while rarer ones have a
selective advantage because of host-pathogen
interactions [20], which could explain why the most
frequent alleles in the study population were not
linked with TB  susceptibility/progression.
Furthermore, the HLA-DRB5*2 allele occurred at a
statistically significant (p=0.013) higher frequency
among PTB patients compared to HHCs. Although
its frequency was low in our study population
(8.5%), the higher occurrence in PTB patients
(23.5%) compared to HHCs (0.0%), hints at a
positive association with T.B. progression and/or
susceptibility to infection. Our finding was in
agreement with a 2017 study of susceptibility loci
associated with tuberculosis in Han Chinese which
reported that candidate genes that were
significantly associated with TB included among

others genes in the HLA-DRB5 [21]. The HLA-
DRB5*2 allele may have the “rare allele advantage”
in this population which argues that pathogens
adapt to HLA alleles that are more prevalent in the
population, thus such alleles would not have a
significant role to play in the immune-pathogenicity
of those pathogens [22].

All HHCs in this study population were HIV negative,
while 41.2% of the PTB patients were HIV positive.
HIV infection is a known factor that increases the
risk of progression to active TB. Therefore, during
statistical analysis on the distribution of the HLA
alleles, the HIV sero-status of the study participants
was controlled for. After controlling for HIV status
in our study population, the HLA-DRB1*14 alleles
were significantly higher (p=0.040) among the PTB
patients compared to HHCs, suggesting its likely
contribution to development of active TB. This
finding was in agreement with a study by Duarte et
al. in 2011 in a Portuguese population where the
frequency of the HLA-DRB1*14 allele was
significantly higher in TB patients compared to
healthy exposed controls [12]. Similar reports from
India [23] and Russia [24] also suggested that this
could be a susceptibility allele for evolution from
infection to active TB. The role of the HLA-DRB1*14
allele in TB immunopathogenesis is also highlighted
in a study on serology-based antibodies for TB
diagnosis where researchers documented a
significant increase in the frequency of HLA-
DRB1*14 among subjects with high antibody
response levels compared to those with low
levels [25]. Our findings suggest the HLA-DRB5*2
and HLA-DRB1*14 alleles may be risk factors for
progression to active TB in our study population.
The HLA-DRB5*2 had a positive association with
progression to active TB before controlling for HIV
sero-status while the HLA-DRB1*14 alleles were a
significant factor in development of active TB after
controlling for HIV sero-status. The chances of an
individual with recently acquired T.B. infection
progressing to active disease are higher with HIV
coinfection. Many studies postulate the likely role
of HLA polymorphisms in the differential
development of TB in HIV infected
individual [26-28]. Furthermore, a study conducted
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in China highlighted the important role that the
HLA-DRB1*14 plays in accelerated disease
progression in HIV infection [29]. Closely related to
this, our study findings suggest that in our study
population, the HLA-DRB1*14 allele plays a
synergistic role in disease progression in an
individual exposed to both HIV and Mycobacterium
tuberculosis.

Conclusion

This study provides an important insight into the
nature of HLA class Il alleles and Mycobacterium
tuberculosis infection and active TB in this
population. The findings suggest the HLA-DRB5*2
and HLA-DRB1*14 alleles may be risk factors for
developing active TB. Although the varied
contribution of each allele to risk of latent or active
TB before and after controlling for HIV is open to
further research, both alleles would make natural
candidates for further research on genetic
susceptibility to TB. The study also highlights the
potential protective role that the HLA-DRB3*1
allele  may have against Mycobacterium
tuberculosis infection. However, the evidence from
this study is limited by the small sample size. We
recommend further studies to investigate the roles
of these alleles in TB immunopathogenesis as
predictive biomarkers of infection outcome and
vaccine candidate development in this population.

What is known about this topic

e The human leucocyte antigen (HLA) class I
alleles play an important role in the early
immune response to tuberculosis (T.B.) by
presenting antigenic peptides to CD4+ T
cells, hence polymorphisms in those genes
can influence the efficiency of the immune
response to infection and progression to
active disease;

e The nature and localization of HLA
polymorphism observed in populations is
likely to be functionally significant in terms
of disease susceptibility because different
populations exhibit frequency distribution of

Susan Odera et al. PAMJ - 41(149). 21 Feb 2022. - Page numbers not for citation purposes.

alleles and extended haplotypes particular
to that group.

What this study adds

e This study contributes to the pool of
knowledge on the distribution of the HLA-
DRB and HLA-DQB alleles in this population,
by highlighting the most frequent and least
frequent alleles;

e This study also provides important insight
into the HLA class Il alleles of the -DRB locus
that would make natural candidates for
further research on genetic susceptibility to
T.B. in this population.

Competing interests

The authors declare no competing interest.

Authors' contributions

Conception and study design: Susan Odera, Julius
Oyugi, Omu Anzala, Marianne Mureithi; data
collection: Susan QOdera, Simon Ogolla, George
Kaiyare; data analysis and interpretation: Samwel
Kazungu, George Kaiyare, Simon Ogolla, Andrew
Aballa, Noel Onyango, Susan Odera, Julius Oyugi;
manuscript drafting: Susan Odera, Julius Oyugi,
Andrew Aballa, Omu Anzala, Marianne Mureith;
manuscript revision: Andrew Aballa, Noel Onyango,
Simon Ogolla, Omu Anzala, Marianne Mureithi,
Susan Odera, Julius Oyugi. All the authors have read
and agreed to the final manuscript.

Acknowledgments

We would wish to acknowledge the contribution of
research assistants Comfort Ananda and Meshack
Obwogi who played a key role in recruitment of the
study participants, administration of
guestionnaires and collection of clinical specimens;
Isabelle Mwangi and Boniface Mathendu, and
George Kaiyare all of Biozeq Kenya molecular
laboratory where the IGRA assays and HLA SSP-PCR
genotyping were conducted. We are grateful to the
Department of Medical Microbiology staff,


https://www.panafrican-med-journal.com

Article 3

PanAfrican
00’. Medical
090 Journal

University of Nairobi; University of Nairobi Institute
of Tropical and Infectious Diseases; Kenya Aids
Vaccine Initiative- Institute of Clinical Research and
Mbagathi District Hospital. All the persons listed
have agreed to be acknowledged in the article.

Tables and figures

Table 1: demographic and clinical characteristics of
PTB patients compared to HHCs

Table 2: distribution of HLA-DRB and HLA-DQB
alleles among the study participants by gender
Table 3: distribution of DRB and DQB alleles among
PTB patients and HHCs

Table 4: distribution of HLA-DRB and HLA-DBQ
alleles between PTB patients, LTBI positive HHCs
and LTBI negative HHCs

Figure 1: distribution of HLA-DRB and HLA-DQB
alleles among the study participants across gender
Figure 2: jllustration of the distribution of HLA-DRB
and HLA-DBQ alleles between PTB patients, LTBI
positive HHCs and LTBI negative HHCs

References

1. Lienhardt C, Bennett S, Del PG, Bah-Sow O,
Newport M, Gustafson P et al. Investigation of
environmental and host-related risk factors for
tuberculosis in Africa. |. Methodological aspects
of a combined design. American Journal of
Epidemiology. Am J Epidemiol. 2002 Jun
1;155(11): 1066-73. PubMed| Google Scholar

2. Abel L, El-Baghdadi J, Bousfiha AA, Casanova JL,
Schurr E. Human genetics of tuberculosis: a long
and winding road. Philos Trans R Soc Lond B Biol
Sci. 2014 May 12;369(1645): 20130428.
PubMed| Google Scholar

3. Burgner D, Jamieson SE, Blackwell JM. Genetic
susceptibility to infectious diseases: big is
beautiful, but will bigger be even better? Lancet
Infect Dis. 2006 Oct;6(10): 653-63. PubMed |
Google Scholar

4. Coscolla M, Gagneux S. Consequences of
genomic diversity in Mycobacterium
tuberculosis. Semin Immunol. 2014 Dec;26(6):
431-44. PubMed| Google Scholar

10.

11.

12.

Klebanov N. Genetic predisposition to
infectious disease. Cureus. 2018 Aug 27;10(8):
€3210. PubMed| Google Scholar

Hayward S, Harding RM, McShane H, Tanner R.
Factors influencing the higher incidence of
tuberculosis among migrants and ethnic
minorities in the UK. F1000Res. 2018 Apr 13;7:
461. PubMed | Google Scholar

Harishankar M, Selvaraj P, Bethunaickan R.
Influence of genetic polymorphism towards
pulmonary tuberculosis susceptibility. Front
Med (Lausanne). 2018 Aug 16;5: 213. PubMed |
Google Scholar

Chang ST, Linderman JJ, Kirschner DE. Effect of
multiple genetic polymorphisms on antigen
presentation and susceptibility to
Mycobacterium tuberculosis infection. Infect
Immun. 2008 Jul;76(7): 3221-32. PubMed|
Google Scholar

Odera S, Mureithi M, Aballa A, Onyango N,
Anzala O, Oyugi J. Latent tuberculosis among
household contacts of pulmonary tuberculosis
cases in Nairobi, Kenya. Pan African Medical
Journal. 2020 Sep 25;37: 87. PubMed| Google
Scholar

Peterson TA, Bielawny T, Kimani M, Ball TB,
Plummer FA, Luo M et al. Diversity and
frequencies of HLA class | and class Il genes of
an East African population. 2014. Google
Scholar

Sayad A, Akbari MT, Pajouhi M, Mostafavi F,
Kazemnejad A, Zamani M. Investigation the role
of gender on the HLA-DRB1 and -DQB1
association with type 1 diabetes mellitus in
Iranian patients. Cell J Summer. 2013;15(2):
108-15. PubMed| Google Scholar

Duarte R, Carvalho C, Pereira C, Bettencourt A,
Carvalho A, Villar M et al. HLA class |l alleles as
markers of tuberculosis susceptibility and
resistance. Rev Port Pneumol. Jan-Feb
2011;17(1): 15-9. PubMed | Google Scholar

Susan Odera et al. PAMJ - 41(149). 21 Feb 2022. - Page numbers not for citation purposes.


https://www.panafrican-med-journal.com

Article 3

PanAfrican
000  \/icdical
090 Journal

13.

14.

15.

16.

17.

18.

19.

20.

Cao K, Hollenbach J, Shi X, Shi W, Chopek M,
Fernandez-Vifia MA. Analysis of the frequencies
of HLA-A, B, and C alleles and haplotypes in the
five major ethnic groups of the United States
reveals high levels of diversity in these loci and
contrasting distribution patterns in these
populations. Hum Immunol. 2001 Sep;62(9):
1009-30. PubMed| Google Scholar

Lombard Z, Brune AE, Hoal EG, Babb C, Van
Helden PD, Epplen JT et al. HLA class Il disease
associations in southern Africa. Tissue Antigens.
2006 Feb;67(2): 97-110. PubMed| Google
Scholar

Wamala D, Buteme HK, Kirimunda S, Kallenius
G, Joloba M. Association between human
leukocyte antigen class Il and pulmonary
tuberculosis due to mycobacterium tuberculosis
in Uganda. BMC Infect Dis. 2016 Jan 23;16: 23.
PubMed| Google Scholar

Selvaraj P, Uma H, Reetha AM, Kurian SM,
Xavier T, Prabhakar R et al. HLA antigen profile
in pulmonary tuberculosis patients and their
spouses. Indian J Med Res. 1998 Apr;107: 155-
8. PubMed| Google Scholar

Vejbaesya S, Chierakul N, Luangtrakool K, Srinak
D, Stephens HA. Associations of HLA class Il
alleles with pulmonary tuberculosis in Thais. Eur
J Immunogenet. 2002 Oct;29(5): 431-4
PubMed| Google Scholar

Amirzargar AA, Yalda A, Hajabolbaghi M,
Khosravi F, Jabbari H, Rezaei N et al. The
association of HLA-DRB, DQA1, DQB1 alleles
and haplotype frequency in Iranian patients
with pulmonary tuberculosis. Int J Tuberc Lung
Dis. 2004 Aug;8(8): 1017-21. PubMed| Google
Scholar

Kone A, Diarra B, Cohen K, Diabate S, Kone B,
Diakite MT et al. Differential HLA allele
frequency in Mpycobacterium africanum vs
Mycobacterium tuberculosis in Mali. HLA. 2019
Jan;93(1): 24-31. PubMed| Google Scholar
Spinola H. HLA loci and Respiratory infectious
diseases. Journal of Respiratory Research.
2016;2(3): 56-66. Google Scholar

21.

22.

23.

24,

25.

26.

27.

28.

Qi H, Zhang YB, Sun L, Chen C, Xu B, Xu F et al.
Discovery of susceptibility loci associated with
tuberculosis in Han Chinese. Hum Mol Genet.
2017 Dec 1;26(23): 4752-4763. PubMed|
Google Scholar

Martin MP, Carrington M. Immunogenetics of
HIV disease. Immunol Rev. 2013 Jul;254(1): 245-
64. PubMed | Google Scholar

Sharma SK, Turaga KK, Balamurugan A, Saha PK,
Pandey RM, Jain NK et al. Clinical and genetic
risk factors for the development of multi-drug
resistant tuberculosis in non-HIV infected
patients at a tertiary care center in India: a case-
control study. Infect Genet Evol. 2003 Sep;3(3):
183-8. PubMed| Google Scholar

Malkova A, Starshinova A, Zinchenko Y,
Basantsova N, Mayevskaya V, Yablonskiy P et al.
The opposite effect of human leukocyte antigen
genotypes in sarcoidosis and tuberculosis: a
narrative review of the literature. ERJ Open Res.
2020 Aug 11;6(3): 00155-2020. PubMed|
Google Scholar

Zhou F, Xu X, Wu S, Cui X, Fan L, Pan W.
Influence of HLA-DRBL1 alleles on the variations
of antibody response to tuberculosis
serodiagnostic antigens in active tuberculosis
patients. Hoshino Y, editor. PLoS One. 2016 Oct
27;11(10): e0165291. PubMed| Google Scholar
Saikia B, Wanchu A, Mahakur S, Bind M, Sarkar
K, Minz RW. Analysis of HLA association among
North Indian HIV-positive individuals co-
infected with Mpycobacterium tuberculosis.
Lung India. Sep-Oct 2015;32(5): 449-52.
PubMed| Google Scholar

Selvaraj P, Raghavan S, Swaminathan §,
Alagarasu K, Narendran G, Narayanan PR. HLA-
DQB1 and -DPB1 allele profile in HIV infected
patients with and without pulmonary
tuberculosis of south India. Infect Genet Evol.
2008 Sep;8(5): 664-71. PubMed| Google
Scholar

Shankarkumar U, Pawar A, Prabu G, Ghosh K.
Role of HLA class | (HLA-A, B) and HLA class Il
(HLA-DRB, DQB) in HIV-1 patients with and
without pulmonary tuberculosis. J Acquir
Immune Defic Syndr. 2009 Aug 15;51(5): 640-1.
PubMed| Google Scholar

Susan Odera et al. PAMJ - 41(149). 21 Feb 2022. - Page numbers not for citation purposes. 10


https://www.panafrican-med-journal.com

PanAfrican

ArtiCIE a 099 Medical

000 Journdal

29. Xue XJ, Yan JZ, Liu CH, Liu Z, Liu J, Tian SA et al.
Correlation analysis between the progression of
HIV infection and HLA polymorphism. Zhonghua
Yi Xue Za Zhi. 2018 Nov 20;98(43): 3496-3502.
PubMed| Google Scholar

Table 1: demographic and clinical characteristics of PTB patients compared to HHCs

Parameters PTB (17) HHC (37) OR (95% ClI) p value
Age in years MeantSD 32.949.8 36.3+11.2 - 0.26
Gender Male 7 (41.2) 16 (43.2) 0.99 (0.29-3.13) | 1.00
Female 10 (58.8) 21 (56.8) 1.09 (0.32-3.41) 1.00
Cigarette smoking 1(5.9) 1(2.7) 2.25(0.11-43.7) 0.53
Alcohol consumption 1(5.9) 6(16.2) 0.32(0.03- 2.44) 0.41
HIV status Positive 7 (41.2) 0(0.0) - <0.01
Negative 10 (58.8) 37 (100) - <0.01

HIV: human immunodeficiency virus; PTB: pulmonary tuberculosis; HHC: household contacts; OR: odds ratio;
Cl: confidence interval
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Table 2: distribution of HLA-DRB and HLA-DQB alleles among the study participants by gender
N % Male Female p value Adjusted p value*

DRB alleles 47 | 100 N=21 N=26

DRB1*1 16 |34.0 |10(47.6) |[6(23.1) |0.122 0.088
DRB3*2 16 |34.0 |9(42.9) 7 (26.9) 0.355 0.270
DRB3*1 15 | 31.9 8(38.1) 7 (26.9) 0.533 0.428
DRB1*4 9 [19.1 |4(19.0) 5(19.2) | 1.000 0.937
DRB1*13 8 17.0 2 (9.5) 6(23.1) 0.269 0.169
DRB1*3 7 |149 |4(19.0) 3(11.5) |0.684 0.476
DRB1*11 7 |149 |[2(9.5) 5(19.2) |0.436 0.427
DRB1*8 6 12.8 | 4(19.0) 2(7.7) 0.386 0.249
DRB1*9 5 10.6 | 0(0.0) 5(19.2) 0.056 0.034
DRB1*14 4 |85 2 (9.5) 2(7.7) 1.000 0.916
DRB5*1 4 |85 1(4.8) 3(11.5) |0.617 0.457
DRB5*2 4 |85 2 (9.5) 2(7.7) 1.000 0.096
DRB1*7 2 |43 |0(0.0) 2(7.7) 0.495 0.998
DRB1*15 2 4.3 1(4.8) 1(3.8) 1.000 0.945
DRB4*1 2 4.3 0(0.0) 2(7.7) 0.495 0.998
DRB1*2 1 2.1 1(4.8) 0(0.0) 0.447 0.998
DRB1*10 1 2.1 1(4.8) 0(0.0) 0.447 0.261
DRB1*16 1 |21 1(4.8) 0 (0.0) 0.447 0.998
DQB alleles 36 | 100 N=13 N=23

DQB1*3 11 |30.6 |5(38.5) 6(26.1) | 0.474 0.999
DQB1*4 11 |30.6 |3(23.1) 8(34.8) |0.708 0.999
DQB1*5 11 |30.6 |4(30.8) 7(30.4) | 1.000 0.416
DQB1*6 10 |27.8 |4(30.8) 4(26.1) |0.679 0.583
DQB1*1 2 5.6 0(0.0) 2(8.7) 0.525 0.959
DQB1*2 2 5.6 0(0.0) 2(8.7) 0.525 0.959
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Table 3: distribution of DRB and DQB alleles among PTB patients and HHCs

PTB HHCs OR (95% Cl) p value AOR (95% ClI) * p value

DRB alleles N=17 N=30

DRB1*1 6 (35.3) 10 (33.3) 1.09 (0.32-3.60) | 1.000 1.33 (0.30-5.83) 0.702
DRB1*2 1(5.9) 0(0.0) - 0.361 - 0.998
DRB1*3 1(5.9) 6 (20.0) 0.25 (0.02-1.93) | 0.395 0.00 (0.00-) 0.999
DRB1*4 5(29.4) | 4(13.3) 2.70 (0.60-9.88) | 0.251 2.78 (0.50-15.4) 0.241
DRB1*7 0(0.0) 2(6.7) - 0.528 0.00 (0.00-) 0.999
DRB1*8 3(17.6) 3(10.0) 1.92 (0.40-8.99) | 0.652 2.25(0.31-15.9) 0.416
DRB1*9 2(11.8) 3(10.0) 1.20(0.19-6.39) | 1.000 0.00 (0.00-) 0.999
DRB1*10 0(0.0) 1(3.3) - 1.000 - 0.999
DRB1*11 2(11.8) 5(16.7) 0.66 (0.12-3.97) | 1.000 0.00 (0.00-) 0.999
DRB1*13 3(17.6) 5 (16.7) 1.07 (0.25-5.24) | 1.000 2.14 (0.40-11.2) 0.368
DRB1*14 3(17.6) 1(3.3) 6.21 (0.82-82.9) | 0.127 12.42 (1.11-138.2) | 0.040
DRB1*15 0 (0.0) 2 (6.7) - 0.528 0.00 (0.00-) 0.999
DRB1*16 0 (0.0) 1(3.3) - 1.000 - 0.999
DRB3*1 2(11.8) 13 (43.3) 0.17 (0.03-0.83) | 0.048 0.00 (0.00-) 0.999
DRB3*2 3(17.6) 13 (43.3) 0.28 (0.07-1.08) | 0.111 0.14 (0.01-1.296) 0.084
DRB4*1 1(5.9) 1(3.3) 1.81(0.09-35.4) | 1.000 3.22 (0.18-56.8) 0.424
DRB5*1 3(17.6) 1(3.3) 6.21 (0.82-82.9) | 0.127 7.25 (0.58-90.5) 0.124
DRB5*2 4 (23.5) 0(0.0) - 0.013 - 0.998
DQB alleles N=14 N=22

DQB1*1 1(7.1) 1(4.5) 1.61 (0.07-31.9) | 1.000 0.00 (0.00-) 0.999
DQB1*2 0(0.0) 2(9.1) - 0.511 - 0.999
DQB1*3 4(28.6) |7(31.8) 0.85 (0.23-3.26) | 1.000 0.71 (0.11-4.47) 0.719
DQB1*4 6(42.9) |5(22.7) 2.55 (0.64-11.6) | 0.273 2.04 (0.35-11.67) | 0.423
DQB1*5 5(35.7) 6(27.3) 1.48 (0.34-5.83) | 0.715 1.60 (0.28-8.85) 0.590
DQB1*6 3(21.4) 7 (31.8) 0.58 (0.14-2.45) | 0.706 0.71 (0.11-4.47) 0.719

PT: pulmonary tuberculosis; HHCs: household contacts; HLA: human leukocyte antigen; OR: odds ratio; Cl:
confidence interval; AOR: adjusted odds ratio; *adjusted for HIV status of participants
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Table 4: distribution of HLA-DRB and HLA-DBQ alleles between PTB patients, LTBI positive HHCs and LTBI negative HHCs

Group p value Adjusted p value*
PTB LTB+ LTB- PTB/ LTB+ PTB/ LTB+ PTB/ PTB/ LTB- LTB+ /LTB-
LTB- JLTB- LTB+

DRB N=17 N=17 N=13

alleles

DRB1*1 6(35.3) | 6 4(30.8) | 1.000 1.000 | 1.000 0.807 0.646 0.795
(35.3)

DRB1*2 1(5.9) 0(0.0) | 0(0.0) 1.000 1.000 | - 0.998 0.999 -

DRB1*3 1(5.9) 4 2 (15.4) | 0.335 0.564 | 0.672 0.999 0.999 0.583
(23.5)

DRB1*4 5(29.4) |2 2 (15.4) | 0.398 0.426 | 1.000 0.253 0.407 0.773
(11.8)

DRB1*7 0(0.0) 2 0(0.0) 0.484 - 0.492 0.050 - 0.999
(11.8)

DRB1*8 3(17.6) | 1(5.9) | 2(15.4) | 0.601 1.000 | 0.564 0.286 0.773 0.406

DRB1*9 2(11.8) |3 0(0.0) 1.000 0.492 | 0.237 0.999 1.000 0.999
(17.6)

DRB1*10 | 0(0.0) 0(0.0) |1(7.7) - 0.433 | 0.433 - 0.999 0.998

DRB1*11 | 2(11.8) |3 2 (15.4) | 1.000 1.000 | 1.000 0.999 0.999 0.869
(17.6)

DRB1*13 | 3(17.6) |2 3(23.1) | 1.000 1.000 | 0.627 0.253 0.708 0.417
(11.8)

DRB1*14 |3(17.6) |1(5.9) | 0(0.00 0.601 0.237 | 1.000 0.121 0.999 0.999

DRB1*15 | 0(0.0) 0(0.0) | 2(15.4) |- 0.179 | 0.179 - 0.999 0.998

DRB1*16 | 0(0.0) 1(5.9) | 0(0.0) 1.000 - 1.000 0.999 - 0.999

DRB3*1 2(11.8) |7 6(46.2) | 0.117 0.049 | 1.000 0.999 0.999 0.785
(41.2)

DRB3*2 3(17.6) |7 6(46.2) | 0.258 0.123 | 1.000 0.114 0.087 0.785
(41.2)

DRB4*1 1(5.9) 1(5.9) | 0(0.0) 1.000 1.000 | 1.000 0.696 0.999 0.999

DRB5*1 3(17.6) | 1(5.9) | 0(0.0) 0.601 0.237 | 1.000 0.286 0.999 0.999

DRB5*2 4(23.4) | 0(0.0) | 0(0.0) 0.102 0.112 | - 0.998 0.999 -

DQB N=14 N=11 N=11

alleles

DQB1*1 1(7.1) 0(0.0) | 1(9.1) 1.000 1.000 | 1.000 1.000 0.999 0.999

DQB1*2 0(0.0) 2 0(0.0) 0.183 - 0.476 0.999 - 0.999
(18.2)

DQB1*3 4(28.6) | 4 3(27.3) | 1.000 1.000 | 1.000 0.601 0.912 0.648
(36.4)

DQB1*4 6(42.9) |2 3(27.3) | 0.233 0.676 | 1.000 0.353 0.657 0.613
(18.2)

DQB1*5 5(35.7) | 4 2(18.2) | 1.000 0.406 | 0.635 0.960 0.353 0.346
(36.4)

DQB1*6 3(214) |3 4 (36.4) | 1.000 0.656 | 1.000 0.912 0.601 0.648
(27.3)

PTB: pulmonary tuberculosis; LTB+: latent TB positive; LTB-: latent TB negative; *adjusted for HIV status
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Figure 1: distribution of HLA-DRB and HLA-DQB alleles among the
study participants across gender
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Figure 2: illustration of the distribution of HLA-DRB and HLA-DBQ alleles
between PTB patients, LTBI positive HHCs and LTBI negative HHCs
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