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Abstract

Tuberculosis (TB) is a chronic disease caused by M. tuberculosis. The World Health Organization (WHO) estimated that
Mycobacterium tuberculosis infects a one third of the world’s human population and kills two million people each year. The
number of active infection was 14.4million, in Sudan the indicator of 1% corresponds to an approximate incidence of 50cases
of pulmonary symptoms smear-positive TB/100,000 population. We attempt to characterize the human leukocyte antigen
(HLA) among Healthcare Workers (HCWs) in Khartoum State who have vaccinated with BCG and failed to show any response
to the vaccine and Tuberculin Skin Test. One-hundred thirty-seven HCWs were screened by conventional methods (microscopy,
TST, HIV test and Chest X-Ray), all subjects were apparently healthy and allocated according to the TST results into three
groups (strong TST-positive, moderate TST-positive, and negative groups). Link regards to HLA genotypes distribution, the
present study educated that alleles associated with TB-exposed group DRB1*0701, DRB1*1501, DQB1*0501 and DQB1*0301.
DRB1*0701 and DQB1*0301 with high frequency among strong TST-positive group, DRB1*0701 and DQB1*0601 alleles were
with high frequency among moderate TST-positive group and DRB1*0701, DRB1*1501, DQB1*0601 alleles were with high
frequency among TST-negative group. Some of these alleles (DRB1*1501, DQB1*0701, DQB1*0301 were shown exclusively
in TB-exposed subjects (100%). It seems that they act as susceptibility genes to TB. Moreover, DRB1*0201 and DQB1*01 and
DRB1*0301 alleles were found to be associated with control group.

Subjects of the study group were divided into three sub-groups based on the ethnic group; Nilotic, Kordufan and Darfur, and
Nile Nubian groups. DRB1*03, DRB1*13, DQB1*01, DQB1*04, DQB1*02 and DQB1*06 were exclusively found in the Nilotic
tribes (100%). While DRB1*07 was exclusively found in Kordufan and Darfur tribes (100%), DRB1*15 allele was found to be
higher (53.3%) among Nubian tribes but further investigation using large sample size is recommended to verify these findings.
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Healthcare Workers; ARI: Annual Risk of Infection; TMRI:
Tropical Medicine Research Institute; NCR: National Centre
for Research; AFB: Acid-Fast Bacilli; SSP: Sequence Specific
Primer; SPSS: Statistical Package for Social Science; ZN: Zeil-
Nelseen; NHS: Normal Healthy Subject.

Introduction

Tuberculosisisachronicgranulomatous disease affecting
man, many other mammals, birds, fishes, amphibians and
reptiles. Mycobacterium tuberculosis and the regional
variants or sub-types of Mycobacterium africanum and
“M. canettii” which are primarily pathogenic for man cause
mammalian tuberculosis. M. bovis and M. microti are the
causative agents of TB in animals, and it can be transmitted
to humans [1,2]. Most Mycobacterium tuberculosis infections
are caused by inhaling droplets or dust particles containing
the bacilli. Tuberculosis usually attacks the lungs but can also
affect other organs of the body. The primary site of infection
in the lungs is called the “Ghon focus”, and is located in either
the upper part of the lower lobe, or the lower part of the
upper lobe [3]. Primary TB can be divided into progressive-
primary and post-primary forms based on the natural history
of the disease.

Tuberculosis (TB) remains a major global cause of
morbidity, second only to HIV as a single leading infectious
cause of death worldwide [4] and estimated to have caused
8.6million new infections and 1.3million deaths in 2012 [5].
The incidence of new cases was estimated to be 9.2million,
corresponding to a prevalence rate of 139/100,000 and 12 of
the 15countries with the highest estimated TB incidence was
in Africa, where the TB incidence rate was 363/100,000 [6].
In health care facilities, certain health care workers (HCWs)
may become infected with Mycobacterium tuberculosis
through repeated exposure to TB patients. Many studies
indicate that health care setups are often at higher risk of
TB infection [7]. The indicator of the TB issue in Sudan is
the average annual risk of infection (ARI). The ARI of 1%
corresponds to an approximate incidence of 50cases of
pulmonary symptoms smear-positive TB/100,000 of the
population, which is the proportion of the population that is
likely to be newly infected over one year. The prevalence of
TB infection is probably variable in different regions of Sudan
[8]- One of the most important groups which are not studied
in Sudan is the health care workers group, so this study was
designed especially for this group.

The human immune system is regulated by molecules
coded by some genes, among which, are the genes of the
human histocompatibility system, which code for human
leukocyte antigens (HLA). These genes are located in the
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short arm of chromosome 6 Furusho, et al. and are divided
into three classes, I, Il and III [9]. HLA class I is responsible
for coding the molecules HLA-A, -B and -C, present in
almost all somatic cells Furusho, et al. The expression of
particular class I and class II MH Calleles in an individual
determines the ability of that individual to respond to
particular (mycobacterial) antigens and epitopes. Certain
allelic human leukocyte antigen (HLA) variants have been
associated with tuberculosis Ravi Kumar M, et al. [10]. HLA
polymorphism may explain the vulnerability of certain
isolated populations like Amazonian Indians whom have
only recently been exposed to tuberculosis [11]. The HLA-
DR2 antigen (expressed by the alleles HLA-DRB2*1501 and
DRB1*1502) is associated with the development of severe
and multi-bacillary forms of tuberculosis, as well as with
the high prevalence of drug therapy-resistant [12]. This
antigen increases the risk of developing tuberculosis, while
the antigen HLA-DR13 protects against the disease [13]. In
India, the results are controversial, Brahmajothi found that
HLA-A10, -B8 and-DR2 antigens presented with greater
frequency in persons with tuberculosis than in healthy
controls [14].

This study was designed to investigate the possible
genetic factor/factors affecting the outcome of BCG
vaccination in HCWs immune responses using HLA-Class 11

typing.
Materials and Methods

Study Population

Ethical Clearance was obtained from the Committee
of Tropical Medicine Research Institute (TMRI), National
Centre for Research (NCR) and subjects were included in
the study following informed consents. One hundred thirty-
seven HCWs (20-70years old) who were vaccinated with
BCG at birth, presented to the National Health Laboratory-
Fedral Ministery of Health, Ummdawban hospital and
Alshaab teaching hospital Khartoum State, Sudan. They were
screened for the presence of acid-fast bacilli (AFB), HIV and
had Chest X-Ray; TST negative subjects were revaccinated
with BCG. They were presented as healthy, tuberculosis-free
according to the results of the above tests. X-ray examinations
were performed for all subjects. All subjects were examined
for HIV using the Trinity Biotech Unit-Gold HIV test.

Sputum specimens from the first productive deep cough
of the morning were obtained from TB exposed health care
workers in sterile screw-top plastic urine cup containers
without being contaminated by saliva or nasal secretions.
Direct smears of sputa were stained with ZN method to
detect presence of (AFB), Waxy materials in the cell walls of
M. tuberculosis resist decolourization with acidified alcohols
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and strong acids mineral [15]. Moreover Mantoux test (TST)
was done for all subjects.

Thirty HCWs, who were found negative to Mantoux
test, HIV test, and showed AFB in their sputa samples with
normal Chest X-ray results, were revaccinated. BCG vaccine
(Live BCG vaccine: 20X20 Doses BCG, Batch, Lot No. 305-2)
was given as a single intradermal injection over the deltoid
muscle of the arm; it was administered using 1.0mL plastic
disposable syringe with a 26-gauge needle with the level
facing upwards. The recommended dose was 0.1mL (0.1mg)
[16].

Molecular Biology Test

Genomic DNA samples were extracted from all patients
using QIAamp Blood Kit. Extracted DNA samples were tested
for concentration and purity.

Genotyping of Major Histocompatibility
Complex (MHC) Class II Genes DR- DQ Regions

For the determination of the allelic polymorphism by
PCR amplification Sequence-Specific Primers (PCR-SSP)
was used, the typing method is based on the principle that a
completely matched primer will be more efficiently used in
the PCR than ones with one or several mismatches, especially
in the first critical cycles Bodmer ]G, et al. [17]. Thus, the
specificity of the typing system is part of the PCR. Assignment
of alleles is based on the presence of amplified product,
which may be detected by agarose gel electro phctrophoresis
[18]. By sequence specific primer (SSP) based methodology
[(One Lambda Micro SSP™DNA typing class11 generic Kits,
Onelambda, Inc. PCR-SSP (Cat # SSP2L, Inc-U.S.A)], class11
typing was assigned, following the manufacture instructions.
DRB1, DQB1 alleles: For the genetic typing of the DR alleles
by PCR-SSP™ Kit (Micro SSP HLA DNA Typing Trays, Inc-
U.S.A), PCR was set according to manufacturer’s instructions.
The Micro SSP™ DNA Typing Trays provide sequence-specific
oligonucleotide primers for amplification of HLA alleles and
the human B- globin gene (internal control) by the PCR.
Preoptimized primers are presented in different wells of a 96
well in 0.2ml thin walled tube tray for PCR; each tray included
a negative control reaction tube. One pl DNA diluent was
added to the negative control reaction tube on the primer set
tray and 2ul recombinant Taq polymerase (5Unit/pl) were
added to the Micro SSP™ D-mix tube (dNTPs buffer mixture).
Nine pl of D-mix were added to the negative control reaction
tube, 39ul DNA were added to 360ul D-mix tube vortexed for
5sec and then 10pl of D-mix were added into each tube of the
tray. The PCR was then run with the temperature profile as
described by the manufactured.

Visualization of the PCR Product: Absence or presence of
PCR products was visualized by electrophoresis. After the
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addition of 3pl loading buffer (3% (v/v) glycerol stained
with bromophenol blue), the PCR mixtures were loaded in
2.5% Agarose gel to 100ml of 1xTris Borate EDTA buffer
(1xTBE, 0.01MTris HCl and 0.01M sodium bromide (in a
500ml to 500ml of dH,0 , pH adjusted to 7.5) with 0.5ug/
ml ethedium bromide (in a 500ml glass bottle) was added to
2.5gelectrophoriesis agarose and heated until a homogenous
solution was formed, 30ml of the gel were added to the
gel box and 10l of genomic DNA samples (no addition of
electrophoresis dye was necessary) loaded into the agarose
gel wells. The gel was run at 35mA and 100V for 40 minis. A
Digital graphic printer then examined the gel.

Statistical Analysis: Collected data were analysed using the
Statistical Package for Social Science (SPSS) (SPSS, Chicago,
IL, USA; Version 16). Chi-square test was used to determine
the relation between the HLA-D alleles among different types
of exposed (positive and negative to tuberculin skin test
healthcare workers) and non-exposed subjects. The genotype
distribution of the INF-y gene in TB-exposed HCWs among
different work durations in TB wards was analysed using
one-way ANOVA. Charts were done using Excel software.

Results

The present study is a controlled study performed among
health care workers to investigate the possible genetic factors
that could have affected the outcome of BCG vaccination
in relation to HLA typing. A total of 157 individuals were
included in this study, 137 of them were Healthcare workers
that exposed to Tuberculosis. One hundred and seven
individuals (78.1%) were positive & (21.9%) 30 individuals
were negative. Females among Healthcare workers of
Tuberculosis were more than males, with ratio of exposed
and non-exposed in females and males of 7:3. The mean age
of the exposed healthcare workers group was 33.9 (19-70
Yrs.) whereas of the control group subjects was 31(21- 65
Yrs.). The family history of the exposed Healthcare workers
was classified into three categories according to degree of
closeness. First, second and third degree relatives. Only 8.1%
(n=11) had TB history in their families. Subjects included
in the study were from 39 Sudanese tribes according to the
stock of Sudanese tribes. About (94.1%) of the subjects were
from Nilotic, Kordufan, Darfur and Nubian tribes and the rest
were from the other tribes (Busharia, Saadawi, Beja, 5.9%).

Microbiological Results

One-hundred-Thirty-seven (137) sputum specimens
from Exposed healthcare workers were investigated and
processed for direct microscopically examination using the
Zeil-Nelseen (Z.N.) staining procedure. None of the sputum
specimens showed the characteristic AFB appearance of
serpentine cords on oil immersion fields and they were
considered as negative. All subjects were HIV-negative.
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Tuberculin skin test was performed on all exposed healthcare
workers. 97 out of 137 (70.6%) were positive. All subjects
were further classified into three categories according to
the diameter circumference, strongly positive, 15-25mm,
moderately positive 6-15mm, and negative 0.00-5mm.

BCG Vaccination and Revaccination

Eighty-three exposed healthcare workers out of one
hundred and thirty-seven (69.5%) were vaccinated at birth,
9(6.6%) were revaccinated during the study course because
they were negative results to tuberculin skin test and were
not vaccinated at birth. Forty-five subjects (32.8%) who had
not been vaccinated at birth were excluded from the study.

Chest X-Ray

Chest X-Ray was performed on all Healthcare workers
(137subjects). The following organs were observed and
checked, namely: Heart, the upper lobe of the lung, the lower
lobe lung, ribs, intercostal, clavicles, lung and air in trachea.
119 subjects out of the 137(86.9%) were normal and
18(13.1%) subjects were TB positive but they were totally
treated.

Molecular Biology Results
HLA alleles

Frequency of DR and DQ alleles: The frequency of the
HLA-typing DRB1* alleles among 60 exposed healthcare
workers, DRB1*13 allele the highest among the group where
DRB1*09, DRB1*14 alleles were the lowest whereas DQB1*
alleles among exposed healthcare workers group showed
that the allele with higher frequency was DQB1*03 and
DQB1*04 allele was the lowest frequent allele.

HLA-DRB1* & DQB1* alleles: Tuberculin skin test results
were divided into three categories: a strongly positive,
moderately positive and Negative group, among these groups
showed the high frequency of HLA DRB1* & HLADQB1*
alleles and compare those highest alleles with Control group.
The high frequency of the HLA DRB1* alleles among strongly
positive group of TST was DRB1*0701 and DRB1*0401 and
DRB1*0301, DRB1*1102 were with the lowest frequency,
HLA -DQB1*0301 allele frequency was higher than the other
alleles among strongly positive tuberculin skin test group.

The comparison between exposed and non-exposed
subjects Tuberculosis showed that combination DRB1*0201
& DQB1*0301 alleles were observed with high frequency
among control (non-exposed) but not among exposed group,
DRB1*1501 & DRB1*0701 were found to be highly frequent
in positive group (81.8%), lowest frequency in negative
group (18.2%) and was detected in the control group. The
frequency of DRB1*0801 was highest among Positive (60%)
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and control group (30%) but lowest frequency among the
negative group (10%). The frequency of DQB1*05 alleles
was high in negative group and lowest frequency in group
(36.4%), and it was low in the control group (63.6%) (Non
- exposed).

Thirty-one (53.2%) of the exposed healthcare workers,
had the allele DQB1*02 compared to 40% of control group
with a relative risk factor of 1.2, 44.4% of the exposed
healthcare workers had DRB1*15 compared to 0% of
control group with a relative risk factor 0.0, and 40.7% of the
exposed had DRB1*07 compared to 0% of control group with
a relative risk of 0.0, while the allele DRB1*03 found to be a
protective as only 5.4% of the exposed healthcare workers
had the allele but 66.7% of the control group had the allele
as shown in (Table 1).

Study Groups
HLA allele p- value | RR/OR
Exposed | Control

DRB1*01 7.60% 33.30% 0.06 1
DRB1*02 2.60% 42.90% 0.009 0.812
DRB1*03 5.40% 66.70% 0.002 0.81
DRB1*04 18.20% 5.00% 0.002 1.31
DRB1*07 40.70% 0% 0.035 0
DRB1*08 18.20% | 17.60% 0.104 8.6
DRB1*10 7.60% 17.60% 0.37 1
DRB1*11 14.70% | 17.60% 0.52 0.51
DRB1*13 50.00% | 40.00% 0.25 0.354
DRB1*14 2.60% 0.00% 0.26 0
DRB1*15 44.40% 0.00% 0.01 0
DQB1*01 33.30% | 20.00% 0.01 0.431
DQB1*02 53.80% | 40.00% 0.01 1.21
DQB1*03 30.80% 30% 0.5 1.91
DQB1*04 5.40% 5.20% 0.34 0.4
DQB1*05 30.00% 0.00% 0.01 0

Table 1: HLA-DR/DQ alleles (n=16) frequency in exposed
healthcare workers of Tuberculosis disease compared to
control group, RR=relative risk, OR=0dd ratio.

HLA alleles and Work Duration in Chest Wards

The target group was further divided into two sub-groups
according to the work duration in the chest wards,medium
risk group which includes workers and other medical and
nursing staff, physiotherapists, radiographers, paramedical
and ambulance staff and students involved in direct patient
care, non-clinical staff in regular close contact with patients
and community nurses working with at medium risk groups
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less than 5 years, and highrisk group which includes all
staff working in respiratory system diseases clinics and
laboratories and specific tuberculosis treatment areas; staff
working in the intensive care units, emergency departments
; all those who regularly work with TB patients for more than
5 years.

HLA-DRB1*15 (n=9) (found just in medium risk group, <
5 years), DRB1*01, DQB1*01 (n=6), DQB1*02 and DRB1*04
alleles found to be with high frequency in the group who
worked for less than5 years and not in the groups worked
for more than 5 years. HLA-DRB1*07, DQB1*05 was only
found in the medium risk group while DRB1*08 was only
found in high risk group and not the other group. DRB1*11
allele was found only in the control group and with high
frequency (p-value=0.01). DQB1*03 allele was found in the
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three groups but with high frequency in the medium risk
group (p-value =0.05).

HLA alleles and Different Tribes of Exposed
Healthcare Workers

The study group was categorized into three groups based
on the types of the tribes: Nilotic, Nubian, and Kordufan &
Darfur. It was found that DRB1*01, DRB1*13, DRB1*14,
DQB1*01, DQB1*04, DQB1*02, DRB1*07 and DQB1*06 were
exclusively found in the Nilotic tribes (100%). while DRB1*11
alleles was exclusively found among Kordufan and Darfur
tribes (100%). DRB1*15 allele was higher (53.3%) among
Nubian tribes and lower among the Nilotic tribes (46.7%),
DRB1*03 allele was higher among Nilotic tribes (93.8%)
and less frequent among other tribes (6.2%) (p-value=0.01)
(Table 2).

Study Group’s Tribes
DRB1* Alleles
Nilotic (North - central) Kordofan&Darfur Nile Nubian
101 100% - -
303 93.80% 6.20% -
401 100% - -
701 - 100% -
801 100% - -
1101 - 100% -
1305 100% - -
1402 100% - -
1501 46.70% - 53.30%
DQB1* - - -
1 100% - -
2 100% - -
3 46.40% 25% 28.60%
4 100% - -
5 53.80% 7.70% 38.50%
6 100% - -

Table 2: The distribution of HLA DRB1* & DQB1 alleles among tribes of exposed healthcare workers.

HLA alleles and Genders Among Tuberculosis
Exposed Health cares:

The high frequency HLA-DR alleles among males were
DRB1*0801, DRB1*0701 was exclusively found among males
(100%) while DRB1*1301 was found to be higher among
males (89.9%) than among females (10.1%). DRB1*0103,
DRB1*1402were exclusively found (100%) among females
(p=0.03). HLA-DQB1*01 allele was only found (100%)
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among females while DQB1*0601 was higher (70%) in
females than in males (30%). All other alleles DQB1*04,
DQB1*03, DQB1*05 and DQB1*02 were estimated to be
equally distributed, 50% each, among males and females
(p=0.01).

HLA alleles (Risk & protective)

a) Of the positive TST individuals seven (34.80%) had
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b)

0)

d)

f)

DRB1*070, compared to only (12.5%) Negative cases,
with a relative risk of 6.1 (p=0.5).

Fourteen (25.6%) of the TB exposed healthcare workers
TST individuals had DRB1*0701, while this allele was
completely absent among the control group, with a
relative risk of 0 (p=0.04).

Six (26.1%) of the positive Tuberculin skin test
individuals had the DRB1*1501 compared to only 18.8
% among the Negative individuals, with relative risk of
2.34 (p=0.5).

30.8% of the TB-exposed healthcare workers Tuberculin
skin test individuals had DRB1*1501, while this was
exclusively absent in the control group, with relative risk
of 2.34 (p=0.01).

65.2% of the positive Tuberculin skin test positive
individuals had DQB1*0201, compared to only 37.5 %
of the negative individuals, with a relative risk of 2.8
(p=0.03).

53.8% of the TB exposed Tuberculin skin test individuals
had DQB1*0201 compared to 40% in the control group,
with a relative risk of 1.2 (p=0.01).
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Distribution of HLA-DR Alleles Among INF-y
Genotypes (+874AA, TT & AT) among TB-
Exposed Healthcare Workers

We tried to draw an association between the
phenotype frequencies of HLA DR & DQ alleles and INF-y
gene polymorphism at position +874 A/T, AA, TT in TB-
exposed healthcare workers. There was a high frequency of
DRB1*0701 allele, DRB1*0202 allele and DRB1*1501 allele.

DRB1*0701 allele was found to be with high frequency
among subjects with INF-y TT, AA, AT genotype, while
DRB1*1501and DQB1*0401 alleles were found to be with
high frequency among subjects with INF-y AT genotype,
DQB1*0101 was highest frequency (100%) among control
group as a protective allele (Table 3). All exposed healthcare
workers with tuberculin skin test result positive & negative
had DRB1*0701, but it was completely absent among the
control group, with a relative risk of 0 (p=0.04), whereas,
53.8% (n=21) of the positive tuberculin skin test individuals
had DQB1*0201 , compared to 40% in the control group ,
with a relative risk of 1.2 (p=0.01).

Exposed and non-exposed Groups (Alleles)
DRB1* (n=9)
TT alleles AA alleles AT alleles Control Total (N)
DRB1*01 - - 45.50% 54.50% 11
DRB1*02 20% - - 80% 7
DRB1*03 7.10% 7.10% 28.50% 57.10% 14
DRB1*04 16.70% - 66.60% 16.70% 6
DRB1*07 10% 60% 30% - 10
DRB1*08 20% 20% 40% 20% 10
DRB1*10 14.20% - 42.90% 42.90% 7
DRB1*11 14.30% - 57.10% 28.60% 7
DRB1*13 - - 46.70% 53.30% 15
DRB1*15 14.30% - 85.70% - 14
DQB1*(n=6) - - - - -
DQB1*01 - - - 100% 16
DQB1*02 5.60% - 50% 44.40% 18
DQB1*03 21.70% - 52.10% 26.10% 23
DQB1*04 - - 75% 25% 4
DQB1*05 7.70% 38.50% 53.80% - 13
DQB1*06 21.70% 13% 65.20% - 23

Table 3: Genotyping frequencies of HLA-DR and DQ in TB-exposed healthcare workers and their controls group that had INF-y
genotype AA, TTAT alleles and Total frequency of DRB1*& DQB1* alleles.
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Discussion

This study investigated the association between MHC-
ClasslI DR and DQ regions and vaccinated TB exposed HCWs.
Newport (2004) showed that TB is more consistent for
MHC-ClasslI than for Classl genes and reported that DRB1
alleles were often associated with increased risk of TB and
never with protection. While DQB1 alleles may be linked
to TB-susceptibility or resistance [13]. In another study,
it was reported that, the presence of DRB1 shared alleles
between primary cases and their contacts was a risk factor
for tuberculosis. In this study, DRB1*13 allele was found
to be the highest frequent allele among the TB exposed
HCWs. This allele protect against the TB disease [19]. In the
present study, DRB1*0701, DQB1*0301were found to be the
highest frequent alleles among strong TST-positive group.
No association between DQB1*0301 allele and the presence
of M. tuberculosis was noted among Thai subjects [13]. In
this study DRB1*0701 and DQB1*0601 were found to be
highest frequent alleles among moderate TST positive group,
HLA-DRB1*0701 and DQB1*0601 alleles were reported to
be associated with higher susceptibility to development of
pulmonary tuberculosis [19] and in another Ravi Kumar
study (1999) it was found that there is an association
between DQB1*0601, DQB1*05 and pulmonary tuberculosis.
This study also showed that DRB1*1501 (with relative risk
(RR=2.34), DRB1*0701 and DQB1*0601 were found to be
the highest frequent alleles among TST negative group,
this finding is very consistent with Ravi Kumar (1999) who
observed association of the DRB1*1501 and DQB1*0601
with TB susceptibility and in another study which was
carried out in Indian patients revealed that DRB1*15 and
DQB1*06 were positively associated with susceptibility to
pulmonary tuberculosis [20]. In the present study some of
these alleles (DRB1¥1501, DRB1*0701 and DQB1*0601 with
high relative risk (RR=6.1) were shown exclusively in TB-
exposed HCWs, it seems that they act as susceptible genes
to TB. Moreover, DRB1*02 highest frequency (80%) among
control and DQB1*01 (exclusively in control) which might be
protective genes IFN-y is one of the most important cytokines
involved in macrophage activation, stimulating antitumor
and antimicrobial activities, as well as it stimulates the
synthesis and expression of MHC-II. There is an association
between the genetic background of the human host and
the susceptibility or resistance to M. tuberculosis infection
Stead WW, et al. [21]. A previous study in South Africa
shows that both host and pathogen genetics are important
in the development of TB Salie M, et al. [22]. Low synthesis
of INF-y has been associated with active tuberculosis [23].
The present study investigated the genetic variation of
the intronic region of the INF-y gene (+874 T/A) and its
relationship with expression of MHC-II among TB exposed
HCWs and non-exposed individuals. This study showed that
DRB1*07 was significantly the highest frequent HLA allele
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among TB- exposed HCWs with INF- y (A/A) genotype. A
significant association between the presence of the +874
A allele and active TB was observed, reaffirming earlier
notion to the association of the +874 A/A genotype with the
susceptibility to the bacterium [23], an association between
AA genotype in +874T /A region with increased TB in Spanish
and South African populations was reported Leandro ACCS,
et al. [24]. A high frequency of DRB1*0202 was reported
among TB-exposed HCWs who had INF-y+874T/T genotype,
this is in a total agreement with Petrovsky & Harrison (1997)
who showed that (employing a similar whole-blood culture
system) many HLA alleles (HLA DR1,-2,and-6) associated
with high IFN-y production while few others (DR3,-4,-
5,and-7) associated with low IFN-y production in healthy
individuals (Petrovsky and Harrison, 1997). A high frequency
of HLA-DRB1*1501, DQB1*03 were observed among TB
exposed HCWs with INF-y (A/T) genotype (with a relative
risk 1.2) in this study. HLA-DRB1*1501 predisposes to
sputum positive pulmonary tuberculosis [10]. Sri Ram study
(2001) revealed that DRB1*1501 may be associated either
alone or with other DR2 alleles, with the susceptibility to
pulmonary tuberculosis. None of the DR2 alleles influenced
the humoral and cellular response to M. tuberculosis culture
filtrate antigens Sriram U, et al. [25]. In another study a
significantly increased IFN-y response was observed in HLA-
DRB1*03-positive normal healthy subjects (NHS) (p=0.03)
and decreased IFN-y response in HLA-DRB1*1501-positive
PTB patients (p=0.04) than in respective allele-negative
individuals [26].

The indigenous population of the Sudan is an Arab-
Negriod admixture comprising semi-nomadic ancient tribes
attracted to the River Nile Valley where this admixture
occurred [27]. This study showed that the distribution
of HLA alleles was associated with TB susceptible alleles
among TB-exposed HCWs. The study group was categorized
into three sub-groups based on the types of the tribes Nilotic,
Nubian, and Kordufan and Darfur groups. In another study
it was observed that a high negative Mantoux reactivity
makes vaccine efficacy questionable; but it could probably
be explained by ethnic difference, highlighting the need for
more research to investigate the efficacy of BCG vaccination
in multi-ethnic countries like Sudan. Interestingly, DRB1*13,
DQB1*01, DQB1*02 and DQB1*06 were exclusively found in
Nilotic tribes, while DRB1*07 allele was exclusively found
among Kordufan and Darfuri tribes. DRB1*15 allele was
higher (53.3%) among Nubian tribes than Nilotic tribes
(46.7%), DRB1*03 allele was highest among Nilotic tribes
(93.8%), some studies suggested that the HLA-DQB1*03:03
allele may be associated with resistance to TB Wamala D,
et al. [28]. In most studies the HLA-DQB1*03:03 allele is of
relatively low frequency [10,29,30], or completely absent
Lombard Z, et al. [31], Escandon DT, et al. [32].
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The high skin non-reactivity may indicate a need for re-
vaccination as practiced elsewhere. The current BCG vaccine
schedule in Sudan has adequate coverage, but may need
to be modified to include revaccination, and the probable
explanation for high negative Mantoux reactivity may be due
to differences in ethnicity [33,34]. TB infection was reported
to be distributed among the majority of the tribes with
varying rates, where the tribes of Dainka (12.9%), Gaalin
(12.2%), and Nuba (10.9%) were found to have significantly
higher incidence rates than the other tribes El Eragi, et al.
The possibility of genetic predisposition of members of these
tribes should be considered, since many reports worldwide
stated that genetic factors were involved in the process of TB
infection [35-40].

Conclusion

HLA-typing revealed that DRB1*02 allele was shown
exclusively in the control group which might work as a
protective gene, on the other hand DRB1*0701, DRB1*1501
and DQB1*0501 alleles were high among TB-exposed HCWs
while DRB1*14 allele was found exclusively in TST-negative
group which might be considered as susceptible genes.
There is an association between TB-susceptible genes and
Sudanese different ethnic groups but further studies with
bigger sample size are highly recommended.

References

1. Top of FormWHO (2010) Tuberculosis: Fact sheet on
Tuberculosis. World Health Organization 104.

2. Lucia B (2007) The Basics of Clinical Bacteriology: The
tuberclebacillus: a continuous taxon, pp: 687.

3. Vinay K, Abul KA, Nelson F, Richard NM (2007) Robbins
Basic Pathology. 8" (Edn.), Saunders Elsevier, pp: 516-
522.

4. Frieden TR, Sterling TR, Munsiff SS, Watt C], Dye C (2003)
Tuberculosis. Lancet 362(9387): 887-899.

5. 'WHO (2013) Global Tuberculosis Report. Geneva: WHO
Press.

6. Lonnroth K, Raviglione M (2008) Global epidemiology
of tuberculosis: prospects for control. Semin Respir Crit
Care Med 29(5): 481-491.

7. CDC (1994) Guidelines for preventing the transmission
of Mycobacterium tuberculosis in health-care facilities.
MMWR 43(8-18): 42-43.

8. El-Sony Al, Suleiman N, Shinawy AM (2000) What is
tuberculosis?. In Manual of the National tuberculosis
Programme in Sudan. Prepared by the tuberculosis
programme central unit in collaboration with the

Abdallah HMA, et al. Characterization of the Genetic Basis of Unresponsiveness to BCG-

10.

11.

12.

13.

14.

15.

16.

17.

18.

Annals of Immunology & Immunotherapy

International Union against Tuberculosis and Lung
Diseases and World Health Organization.

Fernandes APM, Maciel LMZ, Foss MC, Donadi EA (2003)
How to understand the association between the HLA
system and endocrine autoimmune diseases. Brazilian
Archives of Endocrinology & Metabology 47(5): 601-
611.

Ravikumar M, Dheenadhayalan V, Rajaram K, Lakshmi
SS, Kumaran PP, et al. (1999) Associations of HLA-DRB1,
DQB1 and DPB1 alleles with pulmonary tuberculosis in
south India. Tuber & Lung Dis 79(5): 309-317.

Sousa AO, Salem ]I, Lee FK, Vercosa MC, Cruaud P, et
al. (1997) An epidemic of tuberculosis with a high rate
of tuberculin anergy among a population previously
unexposed to tuberculosis, the Yanomami Indians of
the Brazilian Amazon. Proc Natl Acad Sci USA 94(24):
13227-13232.

Rajalingam R, Mehra NK, Jain RC, Myneedu VP, Pande
JN (1996) Polymerase chain reaction-based sequence-
specific oligonucleotide hybridization analysis of HLA
class Il antigens in pulmonary tuberculosis: relevance to
chemotherapy and disease severity. ] Infect Dis 173(3):
669-676.

Dubaniewicz A, Moszkowska G, Szczerkowska Z,
Hoppe A (2003) Analysis of DQB1 allele frequencies in
pulmonary tuberculosis: preliminary report. Thorax
58(10): 890-891.

Brahmajothi V, Pitchappan RM, Kakkanaiah VN,
SashidharM, Rajaram K, et al. (1991) Association of
pulmonary tuberculosis and HLA in South India. Tuercle
72(2):123-132.

Steingart KR, Henry M, Vivienne NG, Hopewell PC,
Ramsay A, etal. (2006) Fluorescence versus conventional
sputum smear microscopy for tuberculosis: a systematic
review. Lancet Infect Dis 6(9): 570-581.

Hutmacher M, Scheifele D, Law B (2002) Hospital
admissions for BCG vaccine complications: IMPACT
hospitals, 1993-2001. In: Program of the Canadian
Immunization Conference.

Bodmer ]G, Marsh SG, Parham P, Erlich HA, Albert E, et
al. (1990) Nomenclature for factors of the HLA system,
1989. Tissue Antigens 35(1): 1-8.

Olerup O, Zetterquist H (1992) HLA-DR typing by PCR
amplification with sequence-specific primers (PCR-SSP)
in 2 hours: An alternative to serological DR typing in
clinical practice including donor and recipient matching
in cadaveric transplantation. Tissue Antigens 39(5):
225-235.

Copyright© Abdallah HMA, et al.

Vaccinated Sudanese Health Workers in Khartoum State. Ann Immunol Immunother 2020,

2(1):000117.


https://www.who.int/tb/publications/factsheets/en/
https://www.who.int/tb/publications/factsheets/en/
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(03)14333-4/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(03)14333-4/fulltext
https://www.scielo.br/scielo.php?script=sci_abstract&pid=S0004-27302003000500015&lng=pt&nrm=iso&tlng=pt
https://www.scielo.br/scielo.php?script=sci_abstract&pid=S0004-27302003000500015&lng=pt&nrm=iso&tlng=pt
https://www.scielo.br/scielo.php?script=sci_abstract&pid=S0004-27302003000500015&lng=pt&nrm=iso&tlng=pt
https://www.scielo.br/scielo.php?script=sci_abstract&pid=S0004-27302003000500015&lng=pt&nrm=iso&tlng=pt
https://www.scielo.br/scielo.php?script=sci_abstract&pid=S0004-27302003000500015&lng=pt&nrm=iso&tlng=pt
https://www.sciencedirect.com/science/article/abs/pii/S0962847999902137
https://www.sciencedirect.com/science/article/abs/pii/S0962847999902137
https://www.sciencedirect.com/science/article/abs/pii/S0962847999902137
https://www.sciencedirect.com/science/article/abs/pii/S0962847999902137
https://pubmed.ncbi.nlm.nih.gov/9371828/
https://pubmed.ncbi.nlm.nih.gov/9371828/
https://pubmed.ncbi.nlm.nih.gov/9371828/
https://pubmed.ncbi.nlm.nih.gov/9371828/
https://pubmed.ncbi.nlm.nih.gov/9371828/
https://pubmed.ncbi.nlm.nih.gov/9371828/
https://pubmed.ncbi.nlm.nih.gov/8627031/
https://pubmed.ncbi.nlm.nih.gov/8627031/
https://pubmed.ncbi.nlm.nih.gov/8627031/
https://pubmed.ncbi.nlm.nih.gov/8627031/
https://pubmed.ncbi.nlm.nih.gov/8627031/
https://pubmed.ncbi.nlm.nih.gov/8627031/
https://pubmed.ncbi.nlm.nih.gov/14514946/
https://pubmed.ncbi.nlm.nih.gov/14514946/
https://pubmed.ncbi.nlm.nih.gov/14514946/
https://pubmed.ncbi.nlm.nih.gov/14514946/
https://pubmed.ncbi.nlm.nih.gov/1949215/
https://pubmed.ncbi.nlm.nih.gov/1949215/
https://pubmed.ncbi.nlm.nih.gov/1949215/
https://pubmed.ncbi.nlm.nih.gov/1949215/
https://www.sciencedirect.com/science/article/abs/pii/S1473309906705783
https://www.sciencedirect.com/science/article/abs/pii/S1473309906705783
https://www.sciencedirect.com/science/article/abs/pii/S1473309906705783
https://www.sciencedirect.com/science/article/abs/pii/S1473309906705783
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-0039.1990.tb01749.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-0039.1990.tb01749.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-0039.1990.tb01749.x
https://pubmed.ncbi.nlm.nih.gov/1357775/
https://pubmed.ncbi.nlm.nih.gov/1357775/
https://pubmed.ncbi.nlm.nih.gov/1357775/
https://pubmed.ncbi.nlm.nih.gov/1357775/
https://pubmed.ncbi.nlm.nih.gov/1357775/
https://pubmed.ncbi.nlm.nih.gov/1357775/

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Abdallah HMA, et al. Characterization of the Genetic Basis of Unresponsiveness to BCG-

Alves C, Souza T, Meyer I, Toralles MBP, Brites C (2006)
Immunogenetics and Infectious Diseases: Special
Reference to the Mayor Histocompatibility Complex.
Braz ] Infect Dis 10(2): 122-131.

Cheepsattayakorn A, Ruangrong C (2009) Human genetic
influence on susce ibility of tuberculosis: From infection
to disease. ] Med Assoc Thai 92(1): 136-141.

Stead WW (2001) Variation in vulnerability to
tuberculosis in America today: Random, or legacies of
different ancestral epidemics?. Int ] Tuberc Lung Dis
5(9): 807-814.

Salie M, van der Merwe L, Moller M, Daya M, van der Spuy
GD, et al. (2014) Associations between human leukocyte
antigens class | variants and the Mycobacterium
tuberculosis subtypes causing disease. ] Infect Dis
209(2): 216-23.

Vallinoto ACR, Graca ES, Araujo MS, Azevedo VN, Vallinoto
IC, et al. (2010) IFNG _874T/A polymorphism and
cytokine plasma levels are associated with susceptibility
to Mycobacterium tuberculosis infection and clinical
manifestation of tuberculosis. Hum Immunol 71(7):
692-696.

Leandro ACCS, Rocha MA, Cardoso CSA, Almeida MGB
(2009) Genetic polymorphisms in vitamin D receptor,
vitamin D-binding protein, Toll-like receptor 2,
nitric oxide synthase 2, and interferon-y genes and its
association with susceptibility to tuberculosis. Braz ]
Med Biol Res 42(4): 312-322.

Sriram U, Selyarai P, Kurian SM, Reetha AM, Narayanan
PR (2001) HLA-DR2 subtypes & immune responses in
pulmonary tuberculosis. Indian ] Med Res 113: 117-124.

Selvaraj P, Nisha R, Jawahar M, Naraynan PR (2007)
Influence of HLA-DRB1 alleles on Th1 and Th2 cytokine
response to Mycobacterium tuberculosis antigens in
pulmonary tuberculosis. Tuberculosis 87(6): 544-550.

Elobaid EA, Forney SC, Gerlach JA (2006) Distribution
of human leukocyte antigens among Sudanese tribes.
Sudanese Journal of public health 1: 213-215.

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

Wu F, Zhang W, Zhang L, Wu ], Li C, et al. (2013) NRAMP1,
VDR, HLA-DRB1, and HLA-DQB1 gene polymorphisms in
susceptibility to tuberculosis among the Chinese Kazakh
population: a case-control study. BioMed research
international 484535: 1-9.

Annals of Immunology & Immunotherapy

30.

31

32.

33.

34.

35.

36.

37.
38.

39.

40.

Magira EE, Papasteriades C, Kanterakis S, Toubis M,
Roussos C, et al. (2012) HLAA and HLA-DRB1 amino
acid polymorphisms are associated with susceptibility
and protection to pulmonary tuberculosis in a Greek
population. Hum Immunol 73(6): 641-646.

Lombard Z, Dalton DL, Venter PA, Williams RC, Bornman
L (2006) Association of HLADR,-DQ, and vitamin D
receptor alleles and haplotypes with tuberculosis in the
Venda of South Africa. Hum Immunol 67(8): 643-654.

Escandon DT, Ortiz LT, Olvera AC, Avila GG, Marin MAYV,
et al. (1999) Human leukocyte antigen-associated
susceptibility to pulmonary tuberculosis: molecular
analysis of class II alleles by DNA amplification and
oligonucleotide hybridization in Mexican patients. Chest
115(2): 428-433.

Ismaiel WMA, Khalil EAG, Bygbjerg IbC, Osman FM, Musa
A, etal. (2008). Coverage and efficacy of BCG vaccination
in displaced populations: a measure of effect. Khartoum
Medical Journal 1(1): 30-33.

Mukhtar M, Ali Mohammed E (2004) Molecular
characterization and drug resistance patterns of
MycobacteriumTuberculosis isolates from Khartoum
State, pp: 67.

Bellamy R, Beyers N, McAdam K, Ruwende C, Gie R, et al.
(2000) Genetic susceptibility to tuberculosis in Africans:
a genome-wide scan. Proc Natl Acad Sci USA 97(14):
8005-8009.

Silva LN, Baliza MD, Martins AES, Deghaide NHS, Teixeira
KM, etal. (2010) Relatedness and HLA-DRB1 typing may
discriminate the magnitude of the genetic susceptibility
to tuberculosis using a household contact model.
] Epidemiol Com Heallth 64(6): 513-517.

Programme Sudan: Ministry of Health, Khartoum.

Newport MJ, Nejentse S (2004) Genetics of susceptibility
to tuberculosis in humans. Monaldi Arch Chest Dis 61(2):
102-111.

Petrovsky N, Harrison LC (1997) HLA class II-associated
polymorphism of interferon-y production. Implication
for HLA-disease association. Hum Immunol 53(1): 12-
16.

WHO (1998) In laboratory services in tuberculosis
control. World Health Organization 258: 57-75.

Copyright© Abdallah HMA, et al.

Vaccinated Sudanese Health Workers in Khartoum State. Ann Immunol Immunother 2020,
2(1): 000117.


https://www.scielo.br/scielo.php?script=sci_arttext&pid=S1413-86702006000200010
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S1413-86702006000200010
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S1413-86702006000200010
https://www.scielo.br/scielo.php?script=sci_arttext&pid=S1413-86702006000200010
https://pubmed.ncbi.nlm.nih.gov/19260255/
https://pubmed.ncbi.nlm.nih.gov/19260255/
https://pubmed.ncbi.nlm.nih.gov/19260255/
https://pubmed.ncbi.nlm.nih.gov/11573891/
https://pubmed.ncbi.nlm.nih.gov/11573891/
https://pubmed.ncbi.nlm.nih.gov/11573891/
https://pubmed.ncbi.nlm.nih.gov/11573891/
https://pubmed.ncbi.nlm.nih.gov/23945374/
https://pubmed.ncbi.nlm.nih.gov/23945374/
https://pubmed.ncbi.nlm.nih.gov/23945374/
https://pubmed.ncbi.nlm.nih.gov/23945374/
https://pubmed.ncbi.nlm.nih.gov/23945374/
https://pubmed.ncbi.nlm.nih.gov/20353805/
https://pubmed.ncbi.nlm.nih.gov/20353805/
https://pubmed.ncbi.nlm.nih.gov/20353805/
https://pubmed.ncbi.nlm.nih.gov/20353805/
https://pubmed.ncbi.nlm.nih.gov/20353805/
https://pubmed.ncbi.nlm.nih.gov/20353805/
https://pubmed.ncbi.nlm.nih.gov/19330258/
https://pubmed.ncbi.nlm.nih.gov/19330258/
https://pubmed.ncbi.nlm.nih.gov/19330258/
https://pubmed.ncbi.nlm.nih.gov/19330258/
https://pubmed.ncbi.nlm.nih.gov/19330258/
https://pubmed.ncbi.nlm.nih.gov/19330258/
https://pubmed.ncbi.nlm.nih.gov/11558319/
https://pubmed.ncbi.nlm.nih.gov/11558319/
https://pubmed.ncbi.nlm.nih.gov/11558319/
https://pubmed.ncbi.nlm.nih.gov/17826339/
https://pubmed.ncbi.nlm.nih.gov/17826339/
https://pubmed.ncbi.nlm.nih.gov/17826339/
https://pubmed.ncbi.nlm.nih.gov/17826339/
https://pubmed.ncbi.nlm.nih.gov/26803588/
https://pubmed.ncbi.nlm.nih.gov/26803588/
https://pubmed.ncbi.nlm.nih.gov/26803588/
https://pubmed.ncbi.nlm.nih.gov/26803588/
https://pubmed.ncbi.nlm.nih.gov/26803588/
http://downloads.hindawi.com/journals/bmri/2013/484535.pdf
http://downloads.hindawi.com/journals/bmri/2013/484535.pdf
http://downloads.hindawi.com/journals/bmri/2013/484535.pdf
http://downloads.hindawi.com/journals/bmri/2013/484535.pdf
http://downloads.hindawi.com/journals/bmri/2013/484535.pdf
https://pubmed.ncbi.nlm.nih.gov/22504415/
https://pubmed.ncbi.nlm.nih.gov/22504415/
https://pubmed.ncbi.nlm.nih.gov/22504415/
https://pubmed.ncbi.nlm.nih.gov/22504415/
https://pubmed.ncbi.nlm.nih.gov/22504415/
https://pubmed.ncbi.nlm.nih.gov/16916662/
https://pubmed.ncbi.nlm.nih.gov/16916662/
https://pubmed.ncbi.nlm.nih.gov/16916662/
https://pubmed.ncbi.nlm.nih.gov/16916662/
https://pubmed.ncbi.nlm.nih.gov/10027443/
https://pubmed.ncbi.nlm.nih.gov/10027443/
https://pubmed.ncbi.nlm.nih.gov/10027443/
https://pubmed.ncbi.nlm.nih.gov/10027443/
https://pubmed.ncbi.nlm.nih.gov/10027443/
https://pubmed.ncbi.nlm.nih.gov/10027443/
http://kmjuofk.com/ojs/index.php/kmjhome/article/view/22
http://kmjuofk.com/ojs/index.php/kmjhome/article/view/22
http://kmjuofk.com/ojs/index.php/kmjhome/article/view/22
http://kmjuofk.com/ojs/index.php/kmjhome/article/view/22
http://khartoumspace.uofk.edu/handle/123456789/6337?show=full
http://khartoumspace.uofk.edu/handle/123456789/6337?show=full
http://khartoumspace.uofk.edu/handle/123456789/6337?show=full
http://khartoumspace.uofk.edu/handle/123456789/6337?show=full
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC16660/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC16660/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC16660/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC16660/
https://pubmed.ncbi.nlm.nih.gov/19692729/
https://pubmed.ncbi.nlm.nih.gov/19692729/
https://pubmed.ncbi.nlm.nih.gov/19692729/
https://pubmed.ncbi.nlm.nih.gov/19692729/
https://pubmed.ncbi.nlm.nih.gov/19692729/
https://www.monaldi-archives.org/index.php/macd/article/view/707/694
https://www.monaldi-archives.org/index.php/macd/article/view/707/694
https://www.monaldi-archives.org/index.php/macd/article/view/707/694
https://pubmed.ncbi.nlm.nih.gov/9127142/
https://pubmed.ncbi.nlm.nih.gov/9127142/
https://pubmed.ncbi.nlm.nih.gov/9127142/
https://pubmed.ncbi.nlm.nih.gov/9127142/
https://creativecommons.org/licenses/by/4.0/

	_GoBack
	Abstract
	Introduction
	Materials and Methods
	Study Population
	Molecular Biology Test
	Genotyping of Major Histocompatibility Complex (MHC) Class II Genes DR- DQ Regions

	Results
	Microbiological Results
	BCG Vaccination and Revaccination
	Chest X-Ray

	Molecular Biology Results
	HLA alleles
	HLA alleles and Work Duration in Chest Wards
	HLA alleles and Different Tribes of Exposed Healthcare Workers
	HLA alleles and Genders Among Tuberculosis Exposed Health cares: 
	HLA alleles (Risk & protective)
	Distribution of HLA-DR Alleles Among INF-γ Genotypes (+874AA, TT & AT) among TB- Exposed Healthcare Workers

	Discussion
	Conclusion
	References

