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A B S T R A C T

Background: Human Leucocyte Antigens (HLA) play a vital role in disease pathogenesis and transplant rejection.
HLA-typing is a useful tool in predicting disease progression and to identify potential organ donors. Due to human
migration and known ethnic variation, frequent targeted HLA sequencing of specific populations is crucial to
increase their representation in global reference panels.
Materials and methods: We performed a retrospective file audit of all HLA-typings done in our setting from 2005-
2019. We discuss data for the major HLA-A, HLA-B, HLA-C, and HLA-DRB1 allele groups.
Results: Overall, the most common allele groups were HLA-A*02, HLA-B*15, HLA-C*07 and HLA-DRB1*03. For
the African descent group, the most common alleles were HLA-A*30, HLA-B*15, HLA-C*07 and HLA-DRB1*03.
For the European descent group, the most common alleles were HLA-A*02, HLA-B*07, HLA-C*07 and HLA-
DRB1*15. For the mixed ancestry group, the most common allele groups were HLA-A*02, HLA-B*15, HLA-C*02
and HLA-DRB1*13. HLA-B*44 was identified as the most common allele group in patients with renal failure.
Discussion and conclusion: The significant variation within the HLA frequencies between the different ethnic groups
highlights the value of population-specific HLA-typing. Furthermore, the identification of HLA-B*44 as a prom-
inent HLA in our renal failure population warrants in-depth investigation of this group.
1. Introduction

The major histocompatibility complex (MHC) are highly polymorphic
cell surface molecules involved in foreign organ rejection. In humans, the
MHC is called the human leukocyte antigens (HLA) system, as they were
first identified and characterised using alloantibodies against leukocytes
[1]. Genes encoding HLA are located on the short arm of chromosome 6
(6p21) and contains roughly 3,600-kilobases of DNA [2]. The HLA sys-
tem consists of class I and class II antigens. Class I has HLA-A, HLA-B and
HLA-C, and class II contains HLA-DR, HLA-DQ and HLA-DP [3].

The HLA complex is one of the most polymorphic genetic regions in
the human genome [4] and is encoded by more than 220 genes, with 21
core genes of interest [5]. The high level of polymorphism is evident
with over 3,000 variants reported of the HLA-B subtype alone [6]. Since
the 1960s, the association between HLA genotypes and disease has been
extensively researched, with several hundred conditions reported to
occur more commonly in people with specific HLA genotypes [7]. HLA
typing may also greatly assist in raising awareness of the possible
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underdiagnosis of particular disorders, especially in
resource-constrained developing countries. This is illustrated by two
studies from Kazakhstan, where disease-associated HLA genotypes were
found to be much more common in the population than their associated
disorders, probably highlighting some impairment to diagnosis [8, 9].
Therefore, we can use HLA data to assess potentially underscored dis-
eases in our population. Furthermore, the frequency distribution of HLA
alleles in different human ethnic groups can contribute to determining
the heritage, human migrations and admixtures amongst diverse human
populations [10].

Due to the limited number of organ and stem cell donors available,
country-specific donor registries have attempted to make their registries
globally available to increase the possibility to find suitable matches for
patients awaiting transplants. However, searching each database for a
match can become a very arduous task. Therefore, by determining the
allele and haplotype frequencies in specific countries and regions, it can
be established if some patients would benefit from being on the trans-
plant list of another country [11].
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Table 1. Total population distribution as reported in the test request files (N ¼
1,151).

Ethnicity Male Female Unknown Gender Total

African descent (N ¼ 641) 31.19% 23.02% 1.48% 55.69%

European descent (N ¼ 380) 16.33% 15.73% 0.96% 33.01%

Mixed ancestry (N ¼ 107) 5.56% 3.65% 0.09% 9.30%

Asian descent (N ¼ 10) 0.52% 0.35% 0% 0.9%

Unknown ethnicity (N ¼ 13) 0.61% 0.43% 0.09% 1.13%

Total 54.2% 43.2% 2.6%
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Limited HLA frequency data is available for the South African popu-
lation. Due to this under-representation of southern African genetic data,
the current global reference panels (particularly disease association
studies) have limited value for these populations. Therefore, targeted
HLA sequencing of the diverse southern African populations is essential
to increase their representation in global reference panels [12]. Ac-
cording to a 2018 South African Bone Marrow Registry (SABMR) study,
determining HLA alleles and haplotypes will contribute to the develop-
ment of a resource for disease association, anthropology, and evolu-
tionary studies, support models for population-specific vaccine
development and advance donor enrolment in South African populations
[13]. The last formal study on people residing in our local Free State
Province, South Africa, was published in 1997 [14]. Taking human
migration and a steady increase in urbanisation in South Africa into
consideration [15], it can be hypothesised that a possible change in
HLA-allele frequencies may have occurred since the previous publication.
Furthermore, the majority of the South African HLA studies focus mainly
on healthy individuals [13, 14, 16, 17]. Therefore, determining
HLA-frequencies in specific disorders may significantly contribute to
establishing disease-specific reference panels for our population.

At the Universitas Academic Hospital in Bloemfontein, Free State,
South Africa, HLA typing has been performed for many years for various
reasons, but mostly related to pre-transplantation work-up. Thus, geno-
typic HLA data to calculate HLA allele frequency is readily available.
Therefore, we aimed to determine the HLA allele frequencies in this
setting for a 15-year period (2005–2019).

2. Methods and materials

We performed a retrospective file audit of all HLA-typings done at the
National Health Laboratory Service (NHLS) Tissue Typing laboratory at
Universitas Academic Hospital from 2005 to 2019. This laboratory uses
commercially available HLA SSP kits (Bio-Rad Medical Diagnostics
GmbH, Germany) to perform HLA typings. The Bio-Rad kits were evalu-
atedby themanufacturer by comparing thesekits to another SSPkit andan
SSO typing system using 167 transplant recipient and potential donor
samples from two geographically distinct locations and found a 100%
concordance [18]. Unfortunately, the specific geographical areas are not
specified. Ethics approval (FS-HSD2020/0139/2502) was obtained from
theHealth Sciences Research Ethics Committee (HSREC) of theUniversity
of the Free State. Due to the study's retrospective nature, the requirement
for informed consentwaswaivedwith the express provision that all results
be de-identified. Further permissionwas given by theNHLS to access their
patient result files. A total of 1,151 HLA profiles were analysed for this
study. Individuals tested included (but not limited to) healthy possible
donors, patients with end-stage renal failure awaiting kidney transplants
and patients with haematological malignancies awaiting stem-cell trans-
plantation. Togetherwith theHLAdata, the resultfiles also containeddata
regarding the gender, ethnicity, the reason for HLA-typing, and the
diagnosis. The manuscript was prepared according to the STrengthening
the REporting of Immunogenomic Studies (STREIS) guidelines.

Results fromthephysicalfileswerede-identifiedandplaced intoa single
Microsoft® Excel® spreadsheet for analysis. The frequencies for each of the
alleles were calculated by a direct countingmethod (total number of copies
of the allele divided by 2n) [10] using Excel functions. Deviations from
Hardy-Weinberg equilibrium (HWE) at allele level were analysed using a
chi-squared test [19]. Pairwise linkage disequilibrium (LD) was calculated
for all loci pairs using the Arlequin v3.5.2 software [20]. The empirical
P-values were obtained by permutation testing (10,000 randomisations).

3. Results

3.1. Demographics and clinical details

The total population (n ¼ 1,151) consisted of 661 (55.69%) people
from African descent, 380 (33.01%) people from European descent, 107
2

(9.3%) people with mixed ancestry, 10 (0.9%) people from Asian
descent, and 13 (1.13%) individuals with unclassified descendancy.
Males comprised 54.2% and females 43.2% of the population, with 2.6%
of the population with unknown genders (Table 1). We evaluated 406
(35.27%) healthy potential donors and 745 (64.73%) patients with
varying diagnoses. The most common diagnoses were renal failure (n ¼
237), acute leukaemia (n ¼ 77), aplastic anaemia (n ¼ 36), Fanconi
anaemia (n¼ 26) and chronic leukaemia (n¼ 19). A total of 233 (31.3%)
HLA-typing requests were made without any clinical details reported for
the patients.
3.2. HLA-allele group frequencies

3.2.1. HLA-allele group frequencies – total population (n ¼ 1,151)
Out of the total population, twenty-six (26) HLA-A allele groups, fifty

(50) HLA-B allele groups, fifteen (15) HLA-C allele groups, and fourteen
(14) HLA-DRB1 allele groups were detected. In some cases, the health-
care providers requested not all HLA-subtypes; therefore, we postulate
that there are probably more allele groups in our population, with our
data having a slight underrepresentation. All HLA allele group subsets
deviated from the expected HWE (p < 0.05), even within the different
reported ethnic groups. This finding was expected based on our pop-
ulation's diverse heterogenous genetic makeup and is comparable to re-
sults reported from similarly diverse populations [13, 21]. We
determined the three most common allele groups for each subtype for the
total population, the various ethnic groups, and the donor populations
(Table 2). We further determined the three most common allele groups in
common disorder populations (Table 3). Due to the relatively low
numbers (n < 40) of patients with other recorded disorders, HLA fre-
quencies in these population groups are not discussed.

Among the 64 patients where HLA-DQB1 typing was done, six (6)
allele groups were identified, with DQB1*03 (26.2%) being the most
common allele group. However, because of the low numbers of patients,
HLA-DQB1 results do not reach the minimum required statistical power
to warrant further discussion.

The rarest allele groups in the total population, with a frequency of
�0.1%, where HLA-A*10, HLA-A*21, HLA-A*28, HLA-A*73, HLA-B*16,
HLA-B*17, HLA-B*21, HLA-B*22, HLA-B*28, HLA-B*43, HLA-B*54,
HLA-B*61, HLA-B*64, HLA-B*75, HLA-B*76, HLA-C*09 and HLA-
DRB1*02.
3.3. HLA-haplotype frequencies

Given that loci are out of HWE, and the haplotype estimation method
we aimed to use assumes that they are, we were unable to determine
HLA-haplotype frequencies for our population group.
3.4. Pairwise global linkage disequilibrium (LD)

Strong linkage was confirmed within HLA class 1 loci and between
HLA class 1 and 2 loci. The LD was found to be p < 0.05 in the total
population, as well as within the different ethnic groups investigated.
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4. Discussion

HLA-typing is a useful tool to assist in identifying suitable potential
tissue donors, as pre-transplantation HLA matching greatly improves
graft survival in transplant recipients [22]. In our setting, we only
perform SSP low-resolution HLA-typing, producing two-digit level re-
sults. This is in contrast to most of the prospective studies that were
performed in South Africa over the last couple of years that mostly used
high-resolution sequence-based technologies (SBT) [12]. However, due
to our large study population, we believe that our results may greatly
contribute to understanding the HLA diversity within our country.

One major challenge we encountered in our study was the classifi-
cation of ethnicity in our region. The South African national census only
reports on four broad ethnic population groups, namely Black African,
Coloured (mixed ancestry), Indian/Asian, and White (European-decent).
The Free State Province is located in the centre of South Africa, conse-
quently resulting in a complex cultural diversity [23]. Our hospital is the
main academic hospital in the Free State Province and the only hospital
providing transplantation services in our region. Therefore, we serve a
vast geographic area, complicating the establishment of specific ethnic
origins. The traditional ethnic classification in South Africa is broadly
based on the home language of the different population groups. There-
fore, the Black African population is broadly divided into Pedi, Sotho,
Tswana, Swati, Venda, Tsonga, Ndebele, Xhosa, and Zulu. With the white
population broadly being divided into Afrikaans and English speaking
[24]. However, the traditionally white populations in South Africa are
mainly descendants of Dutch, German, French, English, and other Eu-
ropean settlers [25]. Furthermore, the South African Constitution (1996)
contains reference to eleven official and 14 other commonly used lan-
guages in South Africa [24]. It is reported that the most common lan-
guage in the Free State Province is Sesotho (71.9%) and that the majority
of the European-descent population are Afrikaans speaking [23]. How-
ever, it is evident that these self-reported language preferences are not an
accurate indicator to determine ethnic origin. Therefore, taken this
massive genetic diversity within our region, it is apparent why all HLA
allele groups deviated from HWE, even within the different population
groups.

The demographic distribution of our study does not reflect the re-
ported demographics of the Free State province. People with African
descent ethnicity are under-represented (55.69% vs 88.7%), where both
European descent and mixed ancestry ethnicities are over-represented
(33.01% vs 8.5% and 9.3% vs 2.5%, respectively). People with Asian
ethnicity remained consistently low (0.9% vs 0.3%) [23].

When compared to the initial study of De Kock et al. [14], HLA-A*30
remained the most common HLA-A allele group in the African descent
population (13.1% vs 12.2%), and HLA-A*02 remained the most com-
mon HLA-A allele group in the European descent and mixed ancestry
populations (22.4% vs 23.8% and 11.7% vs 11.23%, respectively). Our
results correlate with other studies that reported HLA-A*30 as the most
common HLA-A allele group in southern African descent populations,
and HLA-A*02 as most common in South African-European and
American-European, and European populations [12]. Even though
HLA-A*02 was the most common allele group in the mixed ancestry
population, it was closely followed by HLA-A*30 (11.2%). In the 1997
study, HLA-A*02 and HLA-A*30 were jointly the most common HLA-A
allele groups in the mixed ancestry population (both 11.23%) [14].
Therefore, we can postulate that these two allele groups have a similar
probability of occurring and passed on to this group's progeny.

For the HLA-B antigen, HLA-B*15 was the most common allele group
for both the African descent and mixed ancestry populations (12.6% and
17%, respectively). It is in contrast to the original study, where HLA-B*15
was not reported, and HLA-B*17 was the most common allele group in
both these populations (17.8% and 14.8%, respectively) [14]. However,
HLA-B*17 was almost entirely absent in our current study, with only two
individuals from the total population showing this allele. In 1997,
HLA-B*57 and HLA-B*58 were seen as split antigens and designated as



Table 3. The three most common HLA-allele group frequencies per disorder group.

All patients with renal failure
(N ¼ 237)

African descent patients with
renal failure
(N ¼ 166)

European descent patients
with renal failure
(N ¼ 60)

All patients with acute
leukaemia
(N ¼ 77)

HLA-A HLA-A*02 (14.6%), HLA-
A*23 (9.7%), HLA-A*68 (9%)

HLA-A*23 (12%), HLA-A*68
(11%), HLA-A*02 (10.1%)

HLA-A*02 (27.2%), HLA-
A*03 (14.9%), HLA-A*01
(7%), HLA-A*11 (7%)

HLA-A*02 (16.2%), HLA-
A*30 (13%), HLA-A*29
(7.8%)

HLA-B HLA-B*44 (12%), HLA-B*58
(9.5%), HLA-B*07 (8.4%)

HLA-B*58 (11.1%), HLA-
B*44 (10.5%), HLA-B*07
(7.5%)

HLA-B*44 (16.7%), HLA-
B*07 (10.5%), HLA-B*51
(8.8%)

HLA-B*15 (9.7%), HLA-B*07
(9.1%), HLA-B*58 (9.1%)

HLA-C HLA-C*07 (17.5%), HLA-
C*06 (17.3%), HLA-C*04
(13.9%)

HLA-C*06 (17.3%), HLA-
C*07 (17.3%), HLA-C*02
(15.7%)

HLA-C*07 (18.8%), HLA-
C*06 (17%), HLA-C*03
(13.4%)

HLA-C*07 (21.4%), HLA-
C*02 (14.3%), HLA-C*04
(11.7%), HLA-C*06 (11.7%)

HLA-DRB1 HLA-DRB1*13 (15.2%), HLA-
DRB1*03 (14.8%), HLA-
DRB1*11 (12.4%)

HLA-DRB1*13 (17.1%), HLA-
DRB1*03 (16.5%), HLA-
DRB1*11 (14.9%)

HLA-DRB1*04 (19%), HLA-
DRB1*15 (12.9%), HLA-
DRB1*01 (12.1%)

HLA-DRB1*13 (17.8), HLA-
DRB1*03 (15.8%), HLA-
DRB1*11 (15.8%)
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HLA-B*17. Therefore, with the improved sensitivity of modern detection
methods, our current study was more sensitive in correctly identifying
HLA-B*15 as the most common allele group, as HLA-B*57 and HLA-B*58
could be separated. HLA-B*15 has also been identified as the most
common allele group in African descent Mozambican and African descent
South African Zulu populations. HLA-B*07 remained the most common
HLA-B allele group in the European descent population (14.6% vs
12.03%), which is also similar to the findings of other South African
studies [12].

One striking finding is that HLA-B*44 is the most common HLA-B
allele group in patients with renal failure. It is especially true in the
European descent population, where HLA-B*44 represents 16.7% of the
renal failure population. It signifies a substantial 57.5% relative increase
in frequency when compared to all European descents in the population
(10.6%) and an even more noteworthy 75.8% relative increase in fre-
quency when compared to the European descent donor population
(9.5%) in our study. The presence of HLA-B*44 has been implicated as a
contributory factor in recurrent sinopulmonary infections [26], as well as
in Crohn's disease-associated ankylosing spondylitis [27], and recurrent
aphthous stomatitis [28]. However, an increased frequency in renal
failure has not been previously described.

Another interesting observation was made regarding the ankylosing
spondylitis-associated HLA allele, HLA-B*27 [29]. HLA-B*27 was only
seen in roughly 0.6% of the African descent population, while it was
much more common in the European descent (5.2%) and mixed ancestry
(3.6%) populations. This distribution is reflected in an old study on a
South African population of African descent that showed that ankylosing
spondylitis is encountered in less than 1% of that population [30], as well
as the fact that ankylosing spondylitis is reportedly much more prevalent
in European populations (23.8 per 10,000) than in African populations
(7.4 cases per 10,000) [31].

For the HLA-C antigen, HLA-C*07 was still the most common allele
group in the European descent group (24.6% vs 17.5%), which correlated
with another South African study [16]. However, for the African descent
group, HLA-C*07 (16.8%) overtook HLA-C*02 (12.3%) as the most
common HLA-C allele group in our study population. Nevertheless,
HLA-C*07 (13.33%) was also a common allele group in the 1997 African
descent population [14], and HLA-C*02 remained one of the most
common allele groups in the current study. Interestingly, none of the
other South African studies identified either as the most common allele
group [12]. Conversely, HLA-C*06 was reported as the most common
HLA-C allele group in African descent South Africans [16]. However,
HLA-C*06 (16.4%) was the second most common allele group in our
African descent population. HLA-C*02 remained the most common
HLA-C allele group in the mixed ancestry population when compared to
the original study (14.5% vs 15.42%). However, HLA-C*06 (14.5%) was
jointly the most common, with the same frequency as HLA-C*02 in the
mixed ancestry population [14].
4

HLA-DRB1 proved to be the most diverse among the ethnic groups.
For the African descent population, HLA-DRB1*03 (17.2%) was the most
common; HLA-DRB1*15 (15.2%) was the most common in the European
descent population; and HLA-DRB1*13 (16.1%) was found to be the most
common in the mixed ancestry population. Our findings are in contrast
with other studies where HLA-DRB1*11 was the most common in the
African descent populations of southern Africa, and HLA-DRB1*03 was
the most common allele group in European descent South Africans [12].
However, both these alleles are still some of the more common allele
groups in the African descent and European descent populations in our
study (HLA-DRB1*11 ¼ 16% and HLA-DRB1*03 ¼ 11.5%, respectively).

One limitation of our data set is that only low-resolution typing data is
available for the whole time-period. Performing high-resolution (allelic)
HLA typing can be prohibitively costly and, in most cases, requires access
to advanced next-generation technologies [12]. Therefore, being located
in a resource-scarce developing country, the NHLS Tissue Typing labo-
ratory at Universitas Academic Hospital only performed DNA-based
sequence-specific primer (SSP) low-resolution (generic) typing as a
screening tool (Bio-Rad Medical Diagnostics GmbH, Germany) for
HLA-A, HLA-B, HLA-C, HLA-DRB1, HLA-DRB3, HLA-DRB4, HLA-DRB5
and HLA-DQB1. HLA-DQB1 was added to the testing repertoire in
2019; therefore, limited profiles (n ¼ 64) contained HLA-DQB1 results.
Thus, the HLA-DQB1 results have limited statistical power and should be
interpreted with caution. The SSP low-resolution typing method only
indicates the presence or absence of the HLA-DRB3, HLA-DRB4,
HLA-DRB5 alleles and consequently, these allele groups were excluded
from the data analysis.

With the identification of these limitations, we intend to expand our
laboratory's capacity to perform high-resolution HLA typing and perform
prospective disease-association studies in our population.

5. Conclusion

This study correlates well with other studies on a similar population
and may contribute to improved donor recruitment strategies in our re-
gion. The substantial variation in HLA frequencies between the ethnic
groups in our region highlights the value of population-specific HLA
sequencing studies. The change in HLA-B*15 and HLA-B*17 frequencies
between the original study done in our region over 20 years ago and our
current study demonstrates how advanced technologies can improve
diagnostic tests' accuracy. Therefore, it is another reminder that regular
studies of this nature should be done to keep region-specific statistics up-
to-date. Furthermore, HLA-allele and haplotype frequencies are vital to
perform HLA-associated disease studies; thus, keeping population-
specific data current remains paramount for this purpose. It is illus-
trated in this study through the observation of HLA-B*44 as a prominent
HLA in our renal failure population, which warrants further in-depth
investigation of this allele group within this patient cohort.
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