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Introduction

Southern Africa has a unique and complex human history 
reaching back at least 100,000 years (Rito et al. 2013). The 
region spans southern Angola, Namibia, Botswana, South 
Africa, Zimbabwe, and Mozambique. Many diverse ethnic 
groups are present in the area, including KhoeSan popu-
lations, Bantu-speaking populations, European-descent 
groups, and groups resulting from inter- and intra-continen-
tal admixture such as the South African “Coloured” popu-
lation (de Wit et al. 2010; Daya et al. 2013; Chimusa et al. 
2013). “Admixed” populations are the result of gene flow 
between distinct, historically divergent parental popula-
tions, such as those from different continents like Asia and 
Africa. The rate, extent, and timing of gene flow between 
genetically distinct populations have resulted in unique 
genetic complexity in almost all populations in southern 
Africa, as well as fine-scale genetic differences between 
populations. Patterns of allele frequency differences among 
populations are described as population structure and such 
allele frequency differences can have subtle or profound 
phenotypic effects, such as differential susceptibility to 
infectious disease.

The genetics underlying human disease phenotype vari-
ation in African populations have been under-researched. 
However, the NIH and Wellcome Trust-funded initiative 
named the Human Heredity and Health in Africa (H3Af-
rica) (Adoga et al. 2014; Ramsay 2015) aim to improve the 
health of all African populations by facilitating research 
in the area of genomic and environmental impacts on 
common diseases such as trypanosomiasis, tuberculosis, 

Abstract The KhoeSan populations are the earliest 
known indigenous inhabitants of southern Africa. The 
relatively recent expansion of Bantu-speaking agropasto-
ralists, as well as European colonial settlement along the 
south–west coast, dramatically changed patterns of genetic 
diversity in a region which had been largely isolated for 
thousands of years. Owing to this unique history, popula-
tion structure in southern Africa reflects both the underly-
ing KhoeSan genetic diversity as well as differential recent 
admixture. This population structure has a wide range of 
biomedical and sociocultural implications; such as changes 
in disease risk profiles. Here, we consolidate information 
from various population genetic studies that characterize 
admixture patterns in southern Africa with an aim to bet-
ter understand differences in adverse disease phenotypes 
observed among groups. Our review confirms that ancestry 
has a direct impact on an individual’s immune response to 
infectious diseases. In addition, we emphasize the impor-
tance of collaborative research, especially for populations 
in southern Africa that have a high incidence of potentially 
fatal infectious diseases such as HIV and tuberculosis.
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rheumatic heart disease, schizophrenia, type 2 diabetes, and 
other cardiometabolic diseases. We focus on recent genetic 
investigations of the two infectious diseases with the big-
gest impact on health in southern Africa, viz., tuberculosis 
(TB) and the human immunodeficiency virus (HIV).

Tuberculosis (TB) and the human immunodeficiency 
virus (HIV) have high incidence and mortality rates in 
southern Africa (WHO 2016). A major component of TB 
susceptibility is genetic, and recently, it has been estab-
lished that part of this susceptibility can be attributed to 
a particular ancestral population, which contributed to 
present populations (Daya et  al. 2014a, b; Chimusa et  al. 
2014). Understanding the role of ancestry in infectious 
disease risk has manifold benefits, including the identifica-
tion of the most vulnerable populations, providing effective 
and specialized drug therapies and/or vaccines; and in the 
highly probable case of the identification of novel suscep-
tibility factors, aiding in the development of new therapies.

Here, we review the population structure and prehistory 
of southern African populations, as inferred from recent 
genetic and genomic data sets, to provide a better under-
standing of how population structure affects disease risk. 
Thorough literature searches were performed using Pub-
med and Google Scholar to capture a wide array of the lat-
est studies in the field using “ancestry-related disease risk”, 
“southern Africa population genetics”, and “TB and HIV in 
southern Africa” as keywords.

The genetic history of the KhoeSan

The KhoeSan are indigenous inhabitants of southern Africa 
and their ancestors may represent the earliest divergence 
among extant human populations (Chen et al. 2000; Ham-
mer et al. 2001; Knight et al. 2003; Tishkoff et al. 2007a; 
Brown et  al. 2009, 2012; Schlebusch et  al. 2009; Naidoo 
et  al. 2010; Marean 2010; Henn et  al. 2011). The genetic 
origin of the KhoeSan can be traced back to the emergence 
of modern humans in southern Africa (Gronau et al. 2011; 
Henn et  al. 2012). Prior to 2500  years ago, all KhoeSan 
populations in southern Africa hunted game or fished, for-
aged for plants, and gathered natural products, hence the 
anthropological term of hunter-gatherers. Some contempo-
rary KhoeSan populations continue to forage, while other 
groups have transitioned to wage labour or stock farming. 
The Khoekhoen are pastoralists who derive their ancestry 
from the original hunter-gatherer KhoeSan, but adopted 
sheep, goat, and cattle husbandry from east African pasto-
ralists approximately 2000 years ago (Pleurdeau et al. 2012; 
Uren et  al. 2016; Montinaro et  al. 2017). Bantu-speaking 
farmers arrived in southern Africa from approximately AD 
600 onwards, having migrated down both the west and east 
coasts of Africa, and subsequently impacted the Khoek-
hoe and San way of life. The expansion of Bantu-speaking 

agriculturalists was followed by Arab traders who sailed 
down the east coast at least as far as Sofala, Mozambique. 
The Portuguese (the first European visitors to South Africa) 
encountered the San and Khoekhoen in Mossel Bay, South 
Africa in 1487, although this and subsequent encounters 
were brief due to conflict with these indigenous groups. 
The Dutch and other Europeans began a formal settlement 
at the Cape of Good Hope (present-day Cape Town, South 
Africa) in 1652. Within a short period of time, Indian and 
Asian slaves were brought to the area. These historical 
events are depicted in Fig. 1. Over time, the Bantu-speak-
ing, European, San, and Khoekhoen, all culturally distinct 
groups, intermarried with one another, a fact evident not 
only from their genomes but also from resulting language 
and cultural practices (Scheinfeldt et al. 2010). The Euro-
pean and Bantu expansion into San and Khoekhoe territory 
resulted in the decline of the indigenous populations due 
to conflict, disease, and resource scarcity (Fourie and van 
Zanden 2013).

Archaeological and genetic evidence suggests that the 
modern human species originated within Africa, though 
the precise location of origin is widely contested due to the 
diversity of African populations and complexity of popu-
lation history (Batini and Jobling 2011). One hypothesis 
proposes that the earliest population divergence among 
humans occurred within southern Africa based on the 
exceptional genetic diversity present in KhoeSan groups 
(Henn et  al. 2011). Demographic history within KhoeSan 
populations has widely been investigated with particular 
reference to their origins and thus the origins of modern 
humans. One such study included click-speaking Hadza 
and Sandawe individuals from Tanzania, ≠Khomani San 
from South Africa as well as 24 other African popula-
tions. Linkage disequilibrium and heterozygosity analysis 
from single nucleotide polymorphism (SNP) array data 
demonstrated that the ≠Khomani and other KhoeSan from 
Namibia are two of the most genetically diverse popula-
tions in the world (Henn et al. 2011). In conjunction with 
Fst patterns (a measure of genetic distance between popu-
lations), their results suggested that humans originated 
in southern Africa (Henn et  al. 2011). This conclusion is 
supported by microsatellite and indel data (Tishkoff et  al. 
2009). It was found that the two southern African KhoeSan 
populations from this study clustered together when phylo-
genetic trees were constructed from genetic distances (Fst) 
between populations. These populations were also the most 
distinct populations worldwide (Tishkoff et al. 2009). This 
is broadly consistent with studies on mitochondrial DNA 
and Y chromosome, which indicated divergent genetic line-
ages (Behar et al. 2012; Poznik et al. 2013). Studies investi-
gating the geographical origins of modern humans depend 
on contemporary populations which might not be truly 
representative of historical populations (Haber et al. 2016). 
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Nonetheless, under standard phylogeographic inference, 
and supported now by whole-genome analysis of effective 
population size (Mallick et al. 2016), the oldest population 
divergence among humans occurred in southern Africa.

In addition to determining the origins of modern humans 
by inferring the geographic origin of the KhoeSan, it is 
important to distinguish when and how the ancestors of the 
KhoeSan diverged from other groups. Tishkoff et  al. sug-
gested that contemporary Central African Pygmy, Khoe-
San, Hadza and Sandawe hunter-gatherer populations were 
remnants of a larger ancient “proto-KhoeSan-Pygmy” pop-
ulation with the divergence into distinct populations being 

estimated to have occurred >35,000  years ago (Tishkoff 
et  al. 2007a). A deeper date of divergence between the 
KhoeSan populations from other African populations was 
estimated by Veeramah et  al. (2012), who re-sequenced 
40 intergenic regions in individuals from the San, Eastern, 
and Western Pygmies as well as non-Pygmy Niger-Kordo-
fanian populations. They concluded that the ancestors of 
the KhoeSan separated from a “proto-Pygmy-non-Pygmy 
Niger-Kordofanian group” ~100,000 years ago (Veeramah 
et  al. 2012), which is consistent with Schlebusch et  al. 
(2012). An even deeper date of divergence was found by 
analysing whole-genome sequences of six individuals 

Fig. 1  Southern Africa’s complex and long-standing historical migrations. Map of Africa depicting the primary population migrations into 
southern Africa. Geographical locations of most relevant southern African populations mentioned in this review are depicted by black circles
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from diverse ancestral backgrounds (Gronau et  al. 2011). 
The divergence of the San from all other human popula-
tions was postulated to occur 108,000–157,000 years ago, 
whereas the divergence of Eurasians from ancestral African 
populations occurred 38,000–64,000  years ago (Gronau 
et al. 2011).

After the separation between ancestors of the KhoeSan 
and all other populations, there has been further north–west 
and south–east divergence of Kalahari groups that led to 
deep structure within the KhoeSan (Pickrell et  al. 2012; 
Schlebusch et  al. 2012; Schlebusch and Soodyall 2012; 
Kidd et al. 2014). The approximate date of the divergence 
was estimated at ~30,000 years ago (Pickrell et al. 2012). 
This divergence can still be seen in extant KhoeSan popula-
tions as principal component analysis (PCA) reveals three 
main clusters of KhoeSan populations: namely non-Khoe-
San, north-western Kalahari, and south-eastern Kalahari 
(Pickrell et al. 2012). According to the distribution of L0d 
and L0k mtDNA haplogroups, which appear virtually only 
within the KhoeSan groups, the more northerly southern 
African groups (!Xun, Ju/’hoansi, and /Gui, //Gana) clus-
ter separately from the more southerly southern African 
groups (≠Khomani, Karretjie and some SAC populations), 
who have their own distinct cluster (Schlebusch and Soody-
all 2012).

Recent studies investigating admixture proportions 
and the distribution of lactase persistence alleles in extant 
southern African populations have shown that the KhoeSan 
populations are heterogeneous and some have admixture 
from European, Bantu-speaking, and East African popula-
tions (Tishkoff et al. 2007b; Henn et al. 2008; Schlebusch 
et  al. 2012; Uren et  al. 2016). The gene flow can largely 
be attributed to three migration events. The first was by 
East African pastoralists 2–3 kya and the second by Bantu-
speaking farmers <1 kya (Smith 2014), followed by Euro-
pean colonization. These migration events have contributed 
to the genetic diversity in a number of southern African 
populations, including alleles that affect phenotype. For 
example, lactase persistence alleles originating in East 
Africa were found in the Khoe-speaking Nama at a rela-
tively high frequency, as compared to other pastoral popula-
tions such as the Himba (Ranciaro et al. 2014; Breton et al. 
2014; Macholdt et al. 2014, 2015). In addition, admixture 
analysis in southern and eastern Africa populations shows 
that the Eurasian ancestry in southern Africa originated in 
eastern Africa (Pickrell et al. 2014). These two conclusions 
support the hypothesis that there was admixture between 
East African individuals and the native Khoe populations. 
East African ancestry as well as Bantu-speaking ancestry 
arising from the later Bantu expansion could impact numer-
ous phenotypes in southern Africa, including TB suscepti-
bility. This has not yet been investigated in depth, but the 
initial studies have shown that Bantu-speaking ancestry in 

the SAC population predisposes individuals to progress to 
active TB (Daya et al. 2014b).

Southern African Coloured populations and their link 
to the KhoeSan

The South Africa Coloured (SAC) population represents 
a highly admixed group of individuals from multiple 
ancestral populations (de Wit et al. 2010). Within the past 
~600 years, multiple non-African and African populations 
have moved into southern Africa and integrated with the 
indigenous inhabitants (the KhoeSan). The origin of the 
SAC population has recently been the subject of a number 
of studies, concerned with quantifying the number, prov-
enance, and proportions of the ancestral populations.

This complex gene flow pattern is crucial in the under-
standing of the origins of other populations in the region, 
such as the SAC population (predominantly found in the 
Western Cape of South Africa) which received over 30% of 
their ancestry from the KhoeSan (de Wit et al. 2010; Daya 
et al. 2013; Chimusa et al. 2013; Uren et al. 2016). An early 
study analysing genome-wide SNP data from 20 SAC, 
indicated four ancestral contributions to this population, 
namely European, South Asian, Indonesian, and Xhosa 
(Patterson et  al. 2010). Although these results have some 
similarities with later ancestral determinations, there were 
some significant differences. First, it is not clear whether 
Cape Malay individuals (admixed and similar to the SAC 
but with higher Asian ancestry due to the slave trade) were 
included in the sample, which could have biased ancestry 
results towards Indonesia or more broadly, South Asia. 
Second, it is not clear which “Bushman” population was 
used as a proxy ancestral KhoeSan population. Since we 
know that each KhoeSan population differs substantially in 
their ancestral admixture pattern (as shown above), inter-
pretations of KhoeSan ancestry in the SAC can be biased 
or even missed. As more San reference samples became 
available, and the within-population structure became more 
evident, the understanding of admixture in the SAC and the 
analyses thereof improved.

In 2010, a large genome-wide analysis of 959 SAC indi-
viduals was performed, where autosomal SNPs were gen-
otyped and combined with data from distinct populations 
present in the Human Genome Diversity Project (Cann 
2002). With the large number of putative ancestral popu-
lations available, the results fitted the historical data more 
accurately. It was found that ancestry proportions in the 
SAC were dominated by the KhoeSan ancestry which was 
estimated at 32–43%, followed by black African ancestry 
at 20–36%, European ancestry 21–28% and Asian 9–11% 
(de Wit et al. 2010). The accuracy of any inferences made 
from ancestry data can be affected by the choice of refer-
ence populations, the number of individuals used in each 
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reference population as well as the algorithm used. The 
analysis by Patterson et al. (2010) described only the con-
tinental admixture present in the SAC population, but the 
best proxy ancestral populations for the SAC were unknown 
(Patterson et al. 2010). PROXYANC was, therefore, devel-
oped by Chimusa et al. (2013) and is based on two novel 
algorithms, namely, population genetic differentiation and 
optimal quadratic programming. PROXYANC identifies 
the most accurate and efficient ancestral populations for a 
multi-way admixed population. Once the most representa-
tive populations were identified using PROXYANC, ances-
try proportions were calculated using ADMIXTURE. The 
Xhosa (black African) contributed 33% ± 0.226, the ≠Kho-
mani San (KhoeSan) contributed 31% ± 0.195, the Euro-
peans contributed 16% ± 0.118, the Gujarati Indians con-
tributed (South Asian) 13% ± 0.094, and the Chinese (East 
Asian) contributed 7% ± 0.0488 (Chimusa et al. 2013). The 
combination of Bantu-speaking ancestries (East and West 
African) in the SAC was estimated at 33%  ±  0.04 (Uren 
et  al. 2016). Upon the identification of a southern Khoe-
San specific ancestry, both the Nama and ≠Khomani were 
utilized as KhoeSan reference populations for the SAC 
resulting in a reported ancestral contribution of 33% ± 0.03 
(Uren et  al. 2016). In this study, European ancestry was 
estimated at 12%  ±  0.02, Pathan (South Asian) ancestry 
at 14%  ±  0.02 and Chinese ancestry at 7%  ±  0.01 (Uren 
et al. 2016). Table 1 summarises the ancestry proportions 
as determined by these studies. It clearly shows the increase 
in accuracy and correlation with historical data. In addi-
tion, as data sets and methodologies advanced, it is note-
worthy that the estimation of the correct proxy ancestral 
population to be used, improved. The majority of studies 
investigating admixture proportions in southern African 
populations focused primarily on SAC individuals from 

the Western Cape. However, Petersen et  al. (2013) inves-
tigated admixture proportions in other SAC populations 
from around South Africa. SAC individuals from the East-
ern Cape had an increase in Bantu-speaking ancestry and 
individuals from District Six in Cape Town had an increase 
in Asian ancestry (slaves from India and Madagascar lived 
in District Six before slave trade was abolished) (Petersen 
et al. 2013).

mtDNA can be very informative for studying sex-biased 
migration and formation of complex populations. Quin-
tana-Murci et al. (2010) investigated maternal and paternal 
ancestral contributions to the SAC population. Sub-Saharan 
Africa was the origin of the greatest proportion (79%) of 
the SAC maternal gene pool (Quintana-Murci et al. 2010). 
It is important to note that 60% of the SAC mtDNA was of 
the L0d lineage which, together with L0k, is specific to the 
KhoeSan (Quintana-Murci et  al. 2010). The SAC popula-
tion, therefore, contains considerable maternal input from 
the KhoeSan. Other mtDNA haplogroups found in the SAC 
population derive from the Bantu expansion (19%). The 
remainder of mtDNA ancestry was contributed by south 
and south-east Asian populations, consistent with autoso-
mal data (Quintana-Murci et al. 2010). On the other hand, 
the paternal contribution to the SAC population was domi-
nated by a contribution from sub-Saharan Africa, about 
twice that of the maternal contribution. The most dramatic 
difference observed was between the paternal (5.3%) and 
maternal (60%) KhoeSan ancestry (Quintana-Murci et  al. 
2010). These results displayed an uneven sex-specific gene 
flow both between and within continents and sheds light on 
the admixture events and social environments that brought 
the modern day SAC population into being.

The modern day SAC population spans much of south-
ern Africa, with some geographical variation in terms of 

Table 1  Evolution of the South African Coloured population’s ancestral proportions: ancestry proportions of the SAC population from studies 
using different ancestry determination methods and reference populations, reported as summary means and standard error

Xhosa European Indonesian South Asian

Patterson et al. (2010)
37% ± 0.003 23% ± 0.008 18% ± 0.004 22% ± 0.009

West African KhoeSan European Chinese Indian

de Wit et al. (2010)
24% ± 0.161 37% ± 0.148 18% ± 0.118 7% ± 0.0478 14% ± 0.093

Xhosa KhoeSan European Chinese Indian

Chimusa et al. (2013)
33% ± 0.226 31% ± 0.195 16% ± 0.118 7% ± 0.0488 13% ± 0.094

Bantu-speaking South African KhoeSan European Chinese Pathan

Uren et al. (2016)
33% ± 0.04 33% ± 0.03 12% ± 0.02 7% ± 0.01 14% ± 0.02
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genetic and cultural characteristics. The Karretjie people 
(officially classified as ‘Coloured’) of the Great Karoo 
(found in the Northern Cape and Western Cape of South 
Africa) were analysed in a similar way to the SAC by look-
ing at the distinction between maternal and paternal con-
tributions. Interestingly, the KhoeSan specific clade L0d as 
mentioned above was present in all the Karretjie samples 
(n = 31), suggesting a solely KhoeSan maternal contribu-
tion (Schlebusch and Soodyall 2012). In contrast, paternal 
contributions were more heterogeneous, similar to the SAC 
in the Western Cape (Quintana-Murci et  al. 2010). This 
pattern is also evident in the Rehoboth Basters, a distinct 
group of individuals who moved from the Cape Colony 
to southern Namibia 150  years ago. The paternal lineage 
of this group is European, while the maternal lineage is 
KhoeSan (Petersen et  al. 2013). Using a SNP array data 
set, ADMIXTURE analysis indicates five ancestral com-
ponents, similar to the SAC, and in the PCA, the Basters 
cluster with the SAC (Petersen et al. 2013). Similarities in 
ancestry proportions were observed between the Coloured 
and Baster individuals but with higher European and Khoe-
San ancestry in the Basters.

More recent mtDNA studies have suggested that the 
sex-biased admixture in southern African populations is 
not so straightforward as previously thought (e.g., Khoe-
San maternal lineages vs. largely Bantu-speaking paternal 
lineages in the SAC) with analyses suggesting high levels 
of inter-population variance at the maternal lineage level 
(Barbieri et  al. 2013, 2014a). This complexity evident is 
not only in the SAC population, but in other southern Afri-
can populations who share such a complex genetic history 
such as Bantu-speaking populations (Barbieri et al. 2014b). 
These conclusions are supported by Y chromosome analy-
ses (and thus telling of paternal lineages) where an increase 
in mutation rate was identified in Bantu-speaking haplo-
groups suggesting either a population expansion and/or an 
older age of paternity (Barbieri et al. 2016).

Multiple ancestries in southern Bantu‑speaking 
populations

The majority of southern African individuals currently 
belong to a large variety of Bantu-speaking populations 
(~70% of the population). On the whole, the manner of 
dispersal of southern African Bantu-speakers is largely 
unknown and it has been previously hypothesized that there 
is limited population structure between individual groups. 
This hypothesis arose partly due to extensive popula-
tion movements during the period of civil war in the early 
1800’s known as the “Mfecane” (Walker 1928). Later stud-
ies have attempted to identify and characterise the putative 
fine-scale population structure present among southern 

African Bantu-speaking populations by estimating  Fst val-
ues determined from autosomal serogenetic, DNA and Y 
chromosome haplotypes. Southern Bantu-speaking popu-
lations tend to cluster in accordance with their linguistic 
grouping, with the exception of the Tsonga who clustered 
closer to the Venda, perhaps due to their close geographic 
proximity (Lane et al. 2002). In general, genetic distances 
as well as linguistic groupings correlated with geographical 
distances (Lane et al. 2002). The differences between these 
southern Bantu-speaking populations were, however, small.

Although there is a relative lack of identifiable struc-
ture among Bantu-speaking populations, the demographic 
model that governs their dispersal into southern Africa is 
convoluted. Utilizing mtDNA and Y chromosome data, it 
has been possible to distinguish between differing models 
so as to explain the admixture patterns we see in modern 
day southern African Bantu-speaking populations. There 
is evidence for gene flow between the migrating farmers 
and the indigenous foraging KhoeSan communities (repre-
sented by the Ju/’hoansi from Namibia) (Marks et al. 2014). 
This signal of admixture is pronounced in Bantu-speaking 
populations in South-East Africa, e.g., Mozambique. This 
finding was supported by large migration rate estimates 
of 1–2% per generation for ~900 years from the KhoeSan 
to Bantu-speakers, as calculated based on simulated data 
(Marks et al. 2014). High proportions of KhoeSan ancestry 
are observed in the Zulu and Sotho populations (i.e., ~23%) 
(Gurdasani et al. 2015). The Xhosa (from the Eastern Cape 
province in South Africa), who constitute a large propor-
tion of South Africa’s Bantu-speaking population, also 
derives 20% of their ancestry from the southern KhoeSan 
and the rest from East, West, and Central Africa (Petersen 
et  al. 2013; Uren et  al. 2016). The admixture from the 
KhoeSan into Bantu-speaking South African populations is 
similar to the European admixture proportion in African-
American populations in the USA (Bryc et al. 2015); Afri-
can-Americans are a canonical “admixed” population in 
US biomedical research. Biomedical research approaches 
developed for African-Americans should be considered 
more often when studying South African Bantu-speaking 
groups (e.g., admixture mapping for diseases which differ 
in susceptibility between the two ancestries).

Although ancestry proportions are of historical interest, 
they are also relevant to disease risk profiling. For example, 
the SAC population have arguably the highest incidence of 
pulmonary tuberculosis in the absence of human immuno-
deficiency (HIV) immunosuppression, while Bantu-speak-
ing populations have the highest incidence of HIV/AIDS 
(Kenyon et  al. 2013). Knowledge of the population struc-
ture and genetic ancestry can enable the mapping of pos-
sible susceptibility causing loci (i.e., via admixture map-
ping). This approach can be extended to other infectious 
diseases prevalent in southern Africa.
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Genetic perspectives of infectious disease 
phenotypes in southern African populations

South Africa has the second highest incidence rate of TB 
in the world after Lesotho, a country surrounded by South 
Africa (WHO 2016). The disease is rife in all South Afri-
can populations, including the SAC. A genome-wide 
association study (GWAS) indicated that excess KhoeSan 
ancestry predisposes the SAC population to TB and this 
effect was not confounded by socio-economic status (Chi-
musa et al. 2014). Subsequently, Daya et al. (2014b) used 
Ancestry Informative Markers (AIMS) in a validation study 
with an independent sample set of 918 cases and 507 con-
trols. Correcting for KhoeSan ancestry affected whether a 
polymorphism was still significantly associated with TB or 
not, dependent on the frequency of the SNP in parent popu-
lations (Daya et al. 2013, 2014b). Further investigation not 
only indicated that KhoeSan and African non-KhoeSan 
ancestries are associated with an increased risk of progres-
sion to active pulmonary TB, but that European, South 
Asian, and East Asian ancestry are protective against TB 
(Daya et al. 2014b). Interestingly, intergenic class II human 
leukocyte antigen (HLA) variants were recently associated 
with both protection against and susceptibility to active TB 
disease in M. tuberculosis-infected individuals of Euro-
pean ancestry (Sveinbjornsson et al. 2016). It is not known 
whether these HLA class II variants are at appreciable fre-
quencies in SAC populations. From admixture mapping 
and the resulting ancestry correlation tests, it was estimated 
that every 10% increase in KhoeSan ancestry in an indi-
vidual correlated with a 38% increase in the odds of pro-
gressing to active pulmonary TB (Daya et al. 2014a). The 
regions of excess KhoeSan ancestry in TB cases include 
the GADD45A and OSM genes (Daya et al. 2014a), which 
makes them candidates for further investigation.

Although only one GWAS for TB has been performed 
in southern African groups, linkage and numerous can-
didate gene case-control association studies have identi-
fied SNP variants associated with TB susceptibility (Abel 
et al. 2014). As an example, the Major Histocompatibility 
Complex (MHC) and the Leukocyte Receptor Complex 
(LRC) have been implicated in altering the susceptibility to 
infectious diseases (Kostyu et al. 1997; Balamurugan et al. 
2004; Lombard et  al. 2006; Kettaneh et  al. 2006). After 
investigating the interaction between the Human Leukocyte 
Antigen (HLA) type of the TB patient and the infecting M. 
tuberculosis strain (Salie et  al. 2014), they hypothesized 
that three vaccines currently in clinical trials may not be 
effective in the SAC population as predicted from common 
HLA allele class I profiles. This is due to the significantly 
lower frequency in the SAC and Bantu-speaking popula-
tions compared to Europeans, of the HLA subtype that is 
required for bacterial epitope recognition (Salie 2014). In 

addition to the MHC and LRC, African genome-wide link-
age studies have shown that loci in melanocortin-3-receptor 
(MC3R) and cathepsin Z (CTSZ) are linked to susceptibility 
to TB (Cooke et al. 2008), and SNPs in these genes were 
validated in the SAC population in a case–control associa-
tion study (Adams et al. 2011).

Other variants that have been associated with TB sus-
ceptibility are involved in immune pathways in which 
interferon-gamma (IFN-γ) plays a crucial role (Möller et al. 
2010). An intronic variant which increased IFN-γ produc-
tion (therefore, affecting the host immune response) dis-
plays population specific levels of positive selection with a 
higher level of positive selection present in African popula-
tions (Yoruba, Mandenka, and Bantu-speaking individuals 
from Kenya) (Manry et al. 2011). Populations used in this 
study originated from sub-Saharan Africa, Europe, and East 
Asia, but no southern African populations were included. 
An association and transmission disequilibrium test (TDT) 
on SAC individuals noted that a promoter polymorphism 
in the gene for IFN-γ (IFNG) was significantly associated 
with an increased likelihood of progression to active TB 
(Rossouw et  al. 2003). Various meta-analyses have iden-
tified other possible variants in IFNG that are associated 
with TB susceptibility once stratified based on ethnicity, 
but no studies have investigated this association in African 
populations (Tian et al. 2011). In addition to IFN-γ, tumour 
necrosis factor (TNF) is an important inflammatory medi-
tator and its role in TB susceptibility is well documented, 
especially in sub-Saharan African populations (Mabunda 
et al. 2015). Meta-analyses have shown that the association 
between TNF-α and TB susceptibility is stratified by popu-
lation (Anoosheh et  al. 2011; Yi et  al. 2015). Within the 
context of Africa, the well-characterized −308G>A poly-
morphism in TNF-α was associated with pulmonary TB in 
African populations under a dominant model but not in the 
Asian or Caucasian populations (Yi et al. 2015).

A linkage analysis of the quantitative tuberculin skin 
test (TST) reaction to injected PPD was done on 128 SAC 
families including 350 siblings. This study determined 
that a single major locus on chromosomal region 11p14 
that we called TST1, appears to control human resistance 
to the bacterium, as evidenced by the lack of delayed-type 
hypersensitivity (Cobat et  al. 2009). This work was the 
first report of a genetic resistance factor for TB infection 
as opposed to disease. In the same families, they detected 
a major pleiotropic locus on chromosome region 11p15, 
termed TNF1, that controlled TNF production after stimu-
lation by both BCG alone and BCG plus IFN-γ. The close 
proximity of these loci suggested that there is a connection 
between TST negativity per se and TNF production (Cobat 
et al. 2013).

Toll-like receptors (TLRs) are known to play a major 
role in an individual’s immune response to TB. The 
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previous association studies have led to differing results, 
particularly within complex populations, e.g., in southern 
Africa, suggesting that population substructure may be 
masking signals of susceptibility. For this reason, meta-
analyses have looked into the relationship between TLR’s 
and TB, considering different ethnic groups as well as 
increasing the power to detect any statistical associations. 
The major TLRs (1, 2, 4, 6, and 9) play a role in TB sus-
ceptibility in most populations (Chen et al. 2010; Sun et al. 
2015; Schurz et  al. 2015), but some variants were associ-
ated with TB susceptibility in one population but not in 
another. For example, the AG genotype of TLR1 r4833095 
and the T allele of TLR6 rs5743810 were associated with 
resistance to TB across all ethnic groups studied (Asian, 
African, European, and Hispanic), whereas variants located 
in TLR4 and TLR2 showed associations with TB suscep-
tibility only in the Asian and Hispanic subpopulations 
(Schurz et al. 2015). In contrast, variants in TLR2, TLR6, 
and TLR8 were found to be associated with TB suscepti-
bility in the Chinese population (Sun et  al. 2015). These 
variants in TLR8 (rs3764879, rs3761624, rs3788935, and 
rs3764880) were shown to be associated with TB suscepti-
bility in the SAC population (Chimusa et al. 2014). Further 
studies investigating ethnicity as a confounding factor have 
been performed, but very few include African populations.

When considering susceptibility to TB, specifically the 
recurrence of the disease, it is relevant to discuss the effect 
that genetic variation has on anti-TB drug metabolism. The 
CYP3A4 enzyme (a human cytochrome P450) is one of the 
most important enzymes involved in drug metabolism. Dif-
fering allele frequencies within CYP3A4 were found in the 
KhoeSan, Xhosa, and SAC populations. Of the 24 SNPs 
detected in CYP3A4 in these populations, one was a func-
tional promoter polymorphism (Drögemöller et  al. 2013). 
Looking at drug metabolism through the lens of genetic 
variation leads to the prediction that although some drugs 
might be effective in a few populations, they might be 
harmful or ineffective in others (Drögemöller et  al. 2013) 
and in the case of TB drug metabolism, differences in 
metabolism could lead to the development of drug resistant 
TB.

TB is also the leading cause of death in HIV-infected 
patients (WHO 2016). A recent study hypothesized that 
HIV positive individuals who live in a TB endemic area 
and do not develop active disease could provide insight into 
TB resistance (Sobota et al. 2016). A GWAS was done in 
HIV positive individuals from Tanzania and Uganda and 
identified a locus at chromosome 5q33.3 which may offer 
protection against TB (Sobota et al. 2016).

Sub-Saharan Africa has the highest HIV incidence rate 
in the world (WHO 2016). As the effectiveness of antiret-
rovirals has reached the stage where normal life expectancy 
is possible, research is moving towards focusing on the 

cause of death for infected individuals, and identifying host 
factors contributing to HIV infection. Viral co-receptors 
CCR5 and CXCR4 are the most crucial and polymorphisms 
in either can confer protection or susceptibility to the virus 
(Feng et al. 1996; Alkhatib et al. 1996; Choe et al. 1996). 
Specifically, CCR5Δ32 has been shown to confer protec-
tion to HIV infection in Europeans (Samson et  al. 1996). 
Given the high HIV incidence in southern Africa, it is note-
worthy that there is a statistically significant difference in 
the activation and expression levels of CCR5 between two 
South African populations, namely “South African Afri-
cans” and “South African Caucasians” (Picton et al. 2012). 
This could result in altered susceptibility to HIV-1 infection 
as well as affect the progression of the infection itself. This 
study did not include ancestral information to determine 
the origin of the phenotypes under study, which may play 
a pivotal role in the identification of the variant associated 
with the phenotype.

Conclusion

Southern African populations are unique in their culture, 
history, and languages, and may be the cradle of human-
kind; this uniqueness is supported by population genetic 
analyses. Understanding the genetic structure of these 
populations is not only important to reconstruct human 
evolutionary history, but also has implications for the study 
of disease risk. Significant KhoeSan ancestry in many 
present-day southern African populations reflects how 
recent migration into this region resulted in the absorption 
of indigenous KhoeSan groups into many ethnicities. For 
example, population structure analyses of the SAC popula-
tion in the Western Cape indicate substantial (>30%) ances-
try from the KhoeSan who were present at the Cape during 
the initial European colonization. It is also clear that there 
are ancestry-linked genetic factors contributing to infec-
tious disease susceptibility in southern Africa, particularly 
with regard to TB. This may also be true for other infec-
tious and chronic diseases not mentioned in this review, 
but due to lack of available studies, these warrant further 
investigation. Research into the link between ancestry 
and disease risk is sparse and the lack of publically avail-
able data is one reason for this. Collaborative networks, 
especially with respect to sample collection and analysis, 
would greatly facilitate these investigations. Although there 
has been some progress in encouraging genetic studies of 
populations displaying adverse phenotypes in Africa, more 
research needs to be based on southern African popula-
tions, especially in the fields of HIV and TB.
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