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Background. The development of active tuberculosis disease has been shown to be
multifactorial. Interactions between host and bacterial genotype may influence disease
outcome, with some studies indicating the adaptation of M. tuberculosis strains to
specific human populations. Here we investigate the role of the human leukocyte antigen
(HLA) class I genes in this biological process.

Methods. Three hundred patients with tuberculosis from South Africa were typed for
their HLA class I alleles by direct sequencing. Mycobacterium tuberculosis genotype
classification was done by IS6110 restriction fragment length polymorphism genotyping
and spoligotyping.

Results. We showed that Beijing strain occurred more frequently in individuals with
multiple disease episodes (P < .001) with the HLA-B27 allele lowering the odds of having
an additional episode (odds ratio, 0.21; P = .006). Associations were also identified for
specific HLA types and disease caused by the Beijing, LAM, LCC, and Quebec strains.
HLA types were also associated with disease caused by strains from the Euro-American or
East Asian lineages, and the frequencies of these alleles in their sympatric human
populations identified potential coevolutionary events between host and pathogen.
Conclusions. This is the first report of the association of human HLA types and M.
tuberculosis strain genotype, highlighting that both host and pathogen genetics need to
be taken into consideration when studying tuberculosis disease development.

The human leukocyte antigen (HLA) class I molecules are involved in various biological
processes and play an essential role in immunity [1]. These molecules act as multisite
receptors; including peptides for antigen presentation, aff T-cell receptors, and CD8 for
cytotoxic T-cell response stimulation. The HLAs represent an unsurpassed example of
polymorphism with thousands of SNPs identified to date [2]. This extreme diversity is
believed to have occurred by selection events, allowing for the identification of peptide
antigens from various pathogens and stimulation of an effective immune response by
upregulation of the Th1 pathway [3]. HLA data for various populations demonstrate
significant differences in allele frequencies between different geographical populations,
with some HLA alleles completely absent from certain populations [4, 5]. The HLA genes
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were the first to be associated with susceptibility to tuberculosis, and many different HLA
alleles have been associated in different populations [6].

The present-day population structure of several pathogens, including Mycobacterium
leprae and Mycobacterium tuberculosis, can be attributed to ancient human migrations
[7, 8]. Such long-standing host—pathogen interactions could lead to adaptive genetic
changes in both the host and pathogen populations [9]. Evidence of this can be seen
from studies that have shown that M. tuberculosis lineages have adapted to specific
human populations [9—11] and the selection of strains from a distinct sublineage by a
human population in a defined geographical setting [12]. In cosmopolitan settings, the
association between particular M. tuberculosis complex (MTBC) lineages and their
human hosts have remained even though some degree of intermingling of the different
human populations has occurred [9—11].

Mycobacterium tuberculosis strains of the Beijing lineage are probably the most well
characterized and are associated with increased virulence and transmission [13]. They
are the most dominant strain lineage globally and have been reported in many Asian
countries, and are emerging as the dominant strain in several other countries, including
South Africa [14], Argentina, Cuba, Malawi, Vietnam, countries of the former Soviet
Union, and parts of Western Europe [15]. Different M. tuberculosis strains induce
different patterns of host immune response [16] as well as resulting in different disease
phenotypes [17]. Beijing strains are also thought to be able to evade the protective effect
of the BCG vaccine [18] and have evolved properties that allow them to cause disease
more frequently than non-Beijing strains [19]. This could be due to their ability to
modulate the host immunity toward a Th2 instead of a Th1 response or their inhibition of
TNF-a release as demonstrated in activated THP-1 macrophages [20].

Within the Cape Town metropolis in South Africa, disease caused by the Beijing strains
was found to be rising exponentially over a decade whereas disease caused by non-
Beijing strains has remained constant [14]. Furthermore, Hanekom et al showed that
the Beijing sublineage 7 strains were able to transmit and cause disease more
frequently than strains from sublineages 2—6 in urban and rural populations of the
Western Cape [12]. It appears that this is due to an evolutionary selection in local
populations for this sublineage instead of a founder effect.

In this study, we investigate the relationship between HLA class I molecules and disease
by specific M. tuberculosis lineages, specifically those lineages occurring in the Western
Cape, South Africa. We show that HLA class I variants are associated with several strains
in our study cohort and that taking host and pathogen genetic factors into
consideration is necessary for further understanding of the tuberculosis disease burden.
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Materials and methods

Ethics Statement

Human blood and sputum samples were obtained with written informed consent for
DNA extraction or culture and with approval from the Health Research Ethics
Committee of Stellenbosch University, South Africa ( project registration numbers
95/072 and 2003/022/N).

Study Participants and Genotyping

Participants for this study were recruited from suburbs in Cape Town, South Africa,
where the incidence of tuberculosis was high (1005 per 100 000 in 2007) [21] and the
prevalence of human immunodeficiency virus (HIV) was low [22]. These individuals
belong to the South African Coloured (SAC) population, a highly admixed population
[23]. Three hundred patients with bacteriologically confirmed pulmonary tuberculosis
were included in this study (mean age, 34.8 + 12.6 years, 53% males). All participants
were HIV negative and unrelated.

The HLA class I genes were genotyped by direct sequencing. In brief, locus-specific
primers flanking exons 2 and 3 were used to amplify the HLA-A, -B and -C loci. The
purified polymerase chain reaction products were then sequenced using exon-specific
primers and a BigDye Terminator version 3.1 cycle sequencing kit (Applied
Biosystems) on the ABI-3130XL DNA analyzer. Sequence traces were analyzed using the
Assign SBT 3.5.1 software (Conexio Genomics). HLA class I supertype classification was
done as described by Sidney et al for HLA-A and HLA-B [ 24 ]. HLA-C alleles were
defined based on their KIR2DLi and KIR2DL2 binding [25] as previously done by
Balamurugan et al [26]. Individuals who had alleles (4-digit) that could not be classified
into a supertype were identified as “undefined.” HLA class I allele frequency data for
white and East Asian populations were obtained from the online Allele Frequency Net
Database (AFND; www.allelefrequencies.net) [27] (see Supplementary Data for lists of
countries).

Bacterial Isolates and Genotyping

Sputum samples were collected for culture at diagnosis from all new and retreatment
tuberculosis patients who attended primary healthcare clinics and who were resident
in an epidemiological field site in Cape Town, South Africa, during the period January
1993 to December 2004.

Mycobacterium tuberculosis isolates were classified by culturing the sputum on
mycobacteria growth indicator tube and/or Lowenstein-Jensen media, and isolates
were classified by IS6110 restriction fragment length polymorphism genotyping and
spoligotyping using internationally standardized protocols [14]. Strains were identified
according to distinct IS6110 banding patterns using Gelcompar II (Applied Maths) and
were subsequently grouped into evolutionary clades that were classified based on their
spoligotype signatures. Strains having <6 IS6110 bands (low-copy clade) comprise a
single lineage as defined by IS6110 and were therefore regarded as a single clade.
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Sublineages of the Beijing clade were identified as previously described [12].
Mycobacterium tuberculosis lineages were inferred as members of the East Asian or
Euro-American MTBC lineages[9].

Statistical Analysis

Logistic regression models were used to analyze the likelihood of tuberculosis cases having
a specific strain, compared to having any other strain, because they enable us to adjust
for other variables by including them in the models as covariates. All results were
corrected for age and sex in this way. All P values, odds ratios (ORs), and their
confidence intervals (CIs) were derived from these models. Genetic association with the
susceptibility to different strains was tested using each of the following as predictors in the
models: genotypes, additive allelic effect, and additive haplotypes. The haplotypes were
inferred, with their probabilities of being correct, and haplotypes were used as predictors
in logistic regression models, with their probabilities as weights as previously described
[28]. We tested for Hardy-Weinberg equilibrium (HWE) using the exact test [29].

A result or effect was described as significant if P < .05. Bonferroni correction for
multiple testing was not used, as this method is considered to be overly conservative
when several genetic associations are tested in the same group of individuals [ 30 ],
resulting in the potential rejection of important findings. Bonferroni correction might
also be inappropriate in a situation such as this where there is a priori evidence that the
genes are associated with tuberculosis [31], whereas Bayesian methods for correction
rely on knowledge of prior probability of involvement, which is currently unknown for
most genetic variants [32]. Current methods for multiple testing are only applicable if
all tests are independent, which is not the case in this study, and therefore no
appropriate method is available. All analyses were done in R (freely available from
www.r-project.org) using functions from base R and R packages genetics and haplo.stats.

Results

Host Genotype and Multiplicity of Infections

MTBC lineage, strain, and sublineage frequencies in this study cohort are listed in Table
1. Most of the tuberculosis patients (90%) had only 1 episode of disease with infection
caused by 1 strain, but 27 (9%) and 3 individuals (1%) had disease episodes caused by 2
and 3 different strains, respectively. Of the 30 individuals with >1 disease episode, 19
(63%) had 1 infection with the Beijing strain, and other episodes with another strain,
whereas 37% of those with a non-Beijing strain had an additional episode with another
strain. Figure 1 shows that of the 70 individuals with a Beijing strain, 19 (27%) had >1
episode with different strains. Of the 19 individuals who had >2 infections of which 1
was Beijing, Beijing was the first infection in 6 cases, and a subsequent infection in 13
cases. Having the HLA-B*27 allele was found to be significantly associated (OR, 0.21
[95% CI,.03—.68], P =.006) with having fewer strains.

Relationship Between Host and Bacterial Genotype in Tuberculosis Disease All genotype
distributions were in HWE. The allele, genotype, and haplotype distributions for HLA-A,
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-B, and -C were significantly associated with the genotype of the M. tuberculosis strain
causing disease in the host. The Beijing strain was significantly associated with each class
of variation of the HLA class I genes, with the A*o1, B*08, and C2 alleles increasing the
odds of having disease with a Beijing strain (Table 2) with ORs ranging between 1.58 and
2.32, while conversely, each B*27 and C1 allele lowered the odds of having disease with
a Beijing strain (ORs, 0.35 and 0.60, respectively). Disease with a Beijing strain was also
influenced by HLA-B and HLA-C genotypes, as well as 3 class I haplotypes (Table 3).
However, due to the small sample sizes and the resulting large CIs, these results are

imprecise.

Table 1. Mycobacterium tuberculosis Strain Frequencies in the South African Coloured Population of the Westem Cape

MTBC Lineage Frequency Strain Frequency Sublineage Frequency
Euro-American 0.79
LAM 0.32
LEL 0.19
Quebec 0.1
Haarlem 0.10
Haarlem-like 0.02
East Asian 0.21
CAS1 0.02
Beijing 0.23
Beijing Sublineage 2-6 0.26
Beijing Sublineage 7 0.74
Other 0.1
Abbreviation: MTBC, M. tuberculosis complex.
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Figure 1. Presence of Beijing strain in individuals according to number of infections. Individuals with a Beijing strain of infection were more likely to
have subseguent infections (P<.001). Of the 19 individuals who had >2 disease episodes, 1 of which was Beijing, Beijing was the first infection in 6 indi-

viduals, and a subsequent infection in 13 individuals.

Tuberculosis caused by LAM genotype strains was found to be significantly associated
with the A*03 allele (Table 2), where each additional allele increased the risk with an

OR of 1.65.
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Two HLA-A genotypes were also associated with a LAM infection (Table 3). For the LCC
strain (Table 2), each B*44 allele increased the risk of disease (OR, 2.07) whereas the
presence of the B*o7 allele lowered the chances of disease (OR, 0.49). The odds of
disease with a Quebec strain (Table 2) was increased by the presence of the B*58 allele
(OR, 2.69).

As Beijing sublineage 7 is the most frequent sublineage in the Western Cape but not
the rest of South Africa, we tested whether this could be attributed to the HLAs in
the human host. We identified 2 significant associations: where the A*30:02 allele
occurred only in individuals with tuberculosis due to a Beijing sublineage 7 strain (P =
.02) and is thus a potential risk factor, and with A*02:02 having a protective role
against disease with Beijing sublineage 7 strain (OR, 0.04 [95% CI, .0—.51], P = .012).
However, it should be noted that these Beijing sublineage 7 results are preliminary due
to the small number of individuals (53 individuals with a sublineage 7 infection and 19
individuals with a sublineage 2—6 infection) that could be included in this analysis.

Relationship Between M. tuberculosis Phylogenetic Lineages and HLA Class I Allele
Frequencies in Specific Geographical Populations Table 4 contains a summary of
associations between MTBC lineages and HLA types in the SAC population, as well as
the bacterial “footprint” of these MTBC lineages in various regions globally.
Mycobacterium tuberculosis strains in our study group were separated into members of
Euro-American or East Asian, the 2 MTBC lineages most prevalent in the Western
Cape.

Table 2. Significant Associations Only, of HLA Class | Alleles
and Mycobacterium tuberculosis Lineages in the South African
Coloured Population of the Western Cape

HLAAllele Frequency (No.)  Strain ~ PValue®  OR(95% CI)°

A*O1 0.33 (167) Beijing 031 1.58(1.04-2.40)
A*03 0.24(120) LAM 022 1.65(1.06-2.54)
B*07 0.25(123) LCC 019 0.49(25-.89)
B*08 0.06 (31) Beijing 045 2.32(1.02-5.13)
B*27 0.17 (84) Beijing 002 0.35(.16-.68)
B*44 0.23(114) LCC 007 2.07 (1.22-3.52)
B*568 0.17 (86) Quebec 001 2.69(1.27-5.75)
C1 0.45 (243) Beijing 011 0.60 (40-.89)
c2 0.32(171) Beijing <001 2.03(1.35-3.08)

Abbreviations: Cl, confidence interval; HLA, human leukocyte antigen; OR,
odds ratio.

# Pvalue adjusted for age and sex. Pvalues in bold are statistically significant.

" Odds of having a specific lineage, vs any other lineage, for each extra HLA
allele carried.
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Table 3. Significant Associations Only, of HLA Class | Genotypes
and Haplotypes With Mycobacterium tuberculosis Lineages in the
South African Coloured Population of the Western Cape

Lineage  HLA Factor Frequency P

Genotype (No.) Value® OR (95% CI)®
LAM A*Q1/A*01° 0.13(33) .036 1
A*01/A*02 0.11(27) 3.89(1.37-11.04)
A*03/ 0.03 (8) 6.33 (1.19-33.67)
Undefined
Beijing B*07/B*07° 0.06 (15) .00 1
B*07/B*08 0.04 (10) 19.6
B*07/B*44 0.09 (23) 10.4
B*08/B*62 0.01 (3) 254
Beijing C1/C1° 0.23(62) <001 1
C1/C2 0.24 (65) 3.61(1.39-9.33)
C2/C2 0.12{32) 4.39(1.49-12.97)
C2/Undefined 0.16 {42) 4.46 (1.62-12.29)
Haplotype
Beijing A*01-B*58-C1°  0.07 (30) <001 1
A*01-B*08-C2 0.05 (20) 7.8(1.2-50.0)
A*02-B*07-C2 0.05 (24) 8.3(1.5-45.6)
A*01-B*44- 0.03017) 7.61(1.250.30)
Undefined

Abbreviations: Cl, confidence interval; HLA, human leukocyte antigen; OR,
odds ratio.

# P value for genotype and haplotype models, adjusted for age and sex. P
values in bold are statistically significant.

® Odds of having a specific lineage and genotype or haplotype, vs any other
lineage, compared to the reference genotype/haplotype (OR = 1). The 95% ClI
could not be calculated for HLA-B genotypes due to their very low frequencies
in patients whose infections were not Beijing.

“ Reference genotypeshaplotype—the most common (having the highest
frequency, so assumed to be the wild type) homozygous genotype and
haplotype in the study population.

HLA class I allele frequencies of the ancestral populations were derived from AFND. In
our SAC sample set there were 199 individuals with an Euro-American MTBC strain
only, 57 with an East Asian MTBC strain only, 18 with strains from both MTBCs, and
26 with neither. Several significant associations were identified, with the following
alleles associated with both MTBC member strains: A*23:01, B*14:01, B*14:02, and
C*16:01. The A*23:01 and C*16:01 alleles were found to be less prevalent in those
individuals with disease caused by a Euro-American MTBC strain, while increasing the
risk of having disease caused by an East Asian MTBC strain. However, the HLA allele
frequencies in the white and East Asian human populations do not correlate with this, as
these alleles were found to be more prevalent in white populations than in East Asian
populations. The opposite effect was seen for the B*14:01 and B*14:02 alleles, with all
individuals carrying these alleles having a Euro-American MTBC strain. In this instance,
the HLA population data for B*14:02 was in line with this finding as the allele occurs
more frequently in white populations than in East Asian populations.
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Individuals with disease caused by Euro-American MTBC strains were less likely to
have the C*08:01 allele and more likely to have the A*74:01 and B*58:02 alleles. At the
population level, alleles A*74:01 and B*58:02 occurred at the same frequency in both
human populations, whereas allele C*08:01 was found at an extremely low frequency
in the white population and at a very high frequency in the East Asian population,
providing an inconsistent correlation between risk in the population of specific strains
and frequency of HLA alleles.

Statistically significant associations with disease caused by East Asian MTBC strains
were seen for the B*07:05 and B*35:01 alleles, with the former increasing the risk of
having this strain and the latter reducing the chance (to zero in this study). These
findings largely concur with the population data where the B*07:05 allele is found more
frequently in East Asian populations than in white populations and the B*35:01 allele
occurs more frequently in white populations than in East Asian populations.

Discussion

We report for the first time a number of associations between human HLA class I types
and specific M. tuberculosis strains. The role of the coevolution of host and pathogen in
disease development has been difficult to study in humans, with most of the proof of
concept to date provided by studies of pathogen [9—12] and animal models [ 33]. We
postulated a natural experiment in coevolution taking place in the Cape Town area, which
has experienced a multiplicity of human visitors and their mycobacterial strains over the
past 350 years. The resident population is extremely diverse [23], with inputs from
Khoisan, Bantu, European, and Asian people and could therefore be assumed to have
HLA types from all these ancestral populations. The M. tuberculosis strains present can
be expected to have experienced intense competition and the incidence of tuberculosis is
one of the highest in the world (1005 per 100 000 in 2007 [21]), thereby enabling us
to investigate correlations between bacterial strain and HLA type in adequate numbers
of patients. In this study we identified associations between HLA class I gene variants
with certain strain genotypes, excluding Haarlem, Haarlem-like, and CAS1 strains,
which occurred at very low frequencies within our study cohort. The strongest
associations were identified for disease with Beijing genotype strains, which was found
to be associated with several alleles, genotypes, and haplotypes of the HLA class I genes
in the SAC population. Specific allelic associations were also identified for the LAM,
LCC, and Quebec genotype strains. We showed that the Beijing genotype strains occurred
more frequently in individuals with multiple disease episodes (P < .001) compared to
infections by non—Beijing genotype strains.
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Table 4. Significant Associations Only, Between Mycobacterium tuberculosis Phylogenetic Strains and HLA Class | Alleles in Geo-
graphic Populations

MTBC Phylogenetic Lineages Allele Frequency per Population
Euro-American East Asian

Allele PValue® OR (95% CI)¢ PValue® OR (95% CI)¢ SAC? White” East Asian®
A*23:01 .026 0.43 (.20-.90) .043 2.24 (1.03-4.84) 0.065 0.023 0.008
A*74:01 .016 Allare EuroAm .338 0.39(.02-2.31) 0.016 0.003 0.003
B*07:05 .051 0.23(.05-1.01) .020 5.66 (1.32-29.02) 0.016 0.003 0.009
B*14:01 018 Allare EuroAm 019 Mone are East Asian 0.018 0.005 0.008
B*14:02 .024 Allare EuroAm .028 None are East Asian 0.016 0.019 0.007
B*35:01 129 3.93 (.72-75.44) .010 None are East Asian 0.022 0.067 0.039
B*58:02 .001 4.64 (1.73-16.48) 134 0.53 (.20-1.21) 0.087 0.003 0.002
C*08:01 .021 0.20 (.04-.78) .0b4 3.83 (.97-16.10) 0.017 0.002 0.107
C*16:01 .028 0.35(.14-.89) .002 4.48 (1.78-11.69) 0.039 0.021 0.005

Abbreviations: Cl, confidence interval, EuroAm, European American; HLA, human leukocyte antigen; OR, odds ratio; SAC, South African Coloured.
# Freguency in the SAC population.

" List of countries included and their respective numbers can be found in the Supplementary Data. Frequency data from Allele Frequency Met Database (www.
allelefrequencies_net).

© Pvalue adjusted for age and sex. PValues in bold are statistically significant.

9 Odds of having a specific Mycobacterium tuberculosis complex (MTBC) phylogenetic lineage, vs the other MTBC phylogenetic lineage.

The B*27 supertype reduced the odds of having multiple disease episodes, as well as
having a Beijing strain. This super-type allele is found frequently in individuals who are
able to control their HIV infections without any antiretroviral treatment and slow
disease progression [ 34]. This is thought to be due to an increased CD8 T-cell
response in individuals with this allele and induction of the apoptotic pathway through
the increased presence of cytotoxic proteins [35]. The B*27 super-type has not
previously been shown to be associated with susceptibility to tuberculosis [6].

Even though CD4% T cells (HLA class II restricted) represent the predominant immune
response mechanism against M. tuberculosis infection [36 ], there is growing evidence

that suggests an important role for CD8™' T cells (HLA class I restricted) in protection
against M. tuberculosis infection [37, 38]. Studies in animals and humans have shown

that M. tuberculosis is capable of stimulating MHC class I restricted CD8* T cells and
the involvement of several different pathways for class I presentation of mycobacterial
antigens via cross-presentation [39], where HLA class I recognition of mycobacterial
antigens includes ESAT-6 (HLA-B*52), 19 kDa lipoprotein (HLA- A*02:01),and Ag85B

(HLA-A*02:01)[37,40,41].CD8™ Tcells also have direct microbicidal activity and kill M.
tuberculosis through the expression of granulysin and perforin [42 ]. HLA class I
alleles have been associated with leprosy susceptibility [43], providing further support
for the role of class I genes in immunity against mycobacterial infections. It is,
however, possible that the strong LD between genes within the MHC complex [ 44 ]
could mean that the associations found here reflect the involvement of the class II
genes, which remain to be genotyped in this population.
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To date, variants in the TLR2 [45], IRGM [46], and SLC11A1 [47] genes have shown a
correlation between human and bacterial genotype. Variants in SLC11A1 and TLR2 were
found to be associated with an increased risk of having tuberculosis with a Beijing strain
in Asian populations, whereas in Ghana, the IRGM polymorphism was found to
protect against disease caused by the Euro-American lineage. The phenotype of
tuberculosis disease may be affected by the bacterial strain, as strains of the Euro-
American lineage appear to be less likely to cause extrapulmonary disease [45], whereas
strains of the Beijing and S genotypes were associated with an increased risk of extra-
thoracic disease [48]. In Vietnam, the relapse rate was significantly increased in
tuberculosis cases caused by Beijing strains, and this probably contributes to the
successful spread of this strain family [49]. It is therefore evident that the outcome of
exposure to M. tuberculosis depends on both the human and bacterial genotypes, and
Alter et al [43] speculated that genetic heterogeneity in common infectious diseases
could be at least partially explained by the pathogen strain differences, and patient
strain types should therefore be incorporated into the analysis to overcome genetic
heterogeneity.

Both MTBC lineages and HLA allele frequencies are found in specific geographical
settings; for example, lineages of an East Asian origin occur more frequently in human
populations from the same region [9]. HLA allele frequencies are hugely dissimilar
between different ethnic groups, with certain alleles completely absent in some
populations [4, 5]. We therefore investigated the frequencies of HLA class I alleles
associated with the Euro-American and East Asian M. tuberculosis lineages, in their
sympatric populations. We postulated that an allele more frequent in individuals with a
Euro-American strain would also occur more frequently in white populations, whereas
an allele that lowered the risk of having a Euro-American strain infection would occur
at an extremely low frequency or be absent in white populations. The same rationale
would apply to East Asian M. tuberculosis strains and human populations from East
Asia. However, although results fitting the postulate were found in several cases, there
was no fit in an equivalent number. This could be explained by the use of allele
frequency averages across a number of populations listed in the databases. The
A*23:01 allele for example, occurs between allele frequencies of 0.075 in the Beijing Han
population (AFND), and 0.004 in the Shijiazhuang Tianjian Han, highlighting the
enormous discrepancies between allele frequencies in populations of the same
geographical region. Second, HLA genes are involved in several biological processes [1]
and some could thus be under balancing selective pressures [3], which could have led to
the discrepant findings. In spite of the limitations of this broad categorization of
populations, we did find several cases where the predominant MTBC lineage and the
HLA class I allele frequency fit the hypothesis of the coevolution of M. tuberculosis
strains with the HLA class I genes. We now show that specific strains are associated
with HLA types of the host, thus providing a molecular genetic explanation for the
previous observation by Gagneux et al, who correlated M. tuberculosis strain lineages
with geography [9].
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The evolutionary forces on HLA have been extremely complex [3], including many
bacterial and viral infections. We could thus be seeing the remaining association due to
coevolution with M. tuberculosis and/or other diseases with similar clinical
pathologies. Hershberg et al has postulated an “out-of-and-back-to-Africa” migration of
MTBC that coincided with the out-of-Africa human migration pattern and the
subsequent global human exploration quests [7]. Considering this hypothesis, the
bottleneck events that accompanied the out-of-Africa migration, and the expansion of
disease-causing variants within the last 5000 years [50], it is quite likely that coevolution
between MTBC and their human hosts could have occurred.

In summary, this study highlights the role of HLA class I molecules in infection with
M. tuberculosis strains and emphasizes the importance of considering both host and
pathogen genotype in understanding tuberculosis disease development and vaccine
efficacy. Host—pathogen coevolution has significant biomedical and epidemiological
implications and by identifying the genes involved in this interaction, the adaptation
mechanisms of host and pathogen can be understood, as well as the limitations they
impose upon each other. It is also likely that the complexity of HLA types within any
given population, and the possible balancing effects of increased susceptibility to
tuberculosis vs other pathogens or conditions, will prevent any simple correlations
being seen between the predominant HLA type in a population and the strain of M.
tuberculosis in that area.
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