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ABSTRACT

We are in the midst of a global viral pandemic, one with no cure and a high mortality rate. The
Human Leukocyte Antigen (HLA) gene complex plays a critical role in host immunity. We pre-
dicted HLA class I alleles from the transcriptome sequencing data prepared from the bronchoalveo-
lar lavage fluid samples of five patients at the early stage of the COVID-19 outbreak. We identified
the HLA-I allele A*24:02 in four out of five patients, which is higher than the expected frequency
(17.2%) in the South Han Chinese population. The difference is statistically significant with a p-
value less than 10

−4. Our analysis results may help provide future insights on disease susceptibility.

Availability: The tool used to perform the reported analysis results, HLAminer, is available
from https://github.com/bcgsc/hlaminer. Predictions are available for download from
https://www.bcgsc.ca/downloads/btl/SARS-CoV-2/BAL

Keywords COVID-19 · SARS-Cov-2 · Human Leukocyte Antigen (HLA) · RNA-Seq · bronchoalveolar lavage fluid

1 Introduction

SARS-CoV-2 infections have reached global pandemic proportions in early 2020, affecting over 2M people worldwide
(as of this writing) and showing no signs of easing, except in a few jurisdictions where strict quarantine measures were
implemented early on. The resulting coronavirus disease (COVID-19) has a relatively high (∼3.4%) mortality rate
[1] – a figure that varies widely between jurisdictions due to factors yet to be determined. Currently, no vaccines or
effective treatments are available. Most current data analysis efforts are, understandably, focused on the virus itself for
the purpose of vaccine development and tracking its evolution for diagnostics and infection monitoring purposes.

Curiously, it is estimated that as high as 18-30% or more of the population may be asymptomatic to SARS-CoV-2
infections [2] [3], while other affected individuals exhibit mild to severe to critical symptoms of infection. Thus,
gaining insights on host susceptibility to the coronavirus is clearly another important aspect that needs to be worked
on and understood. One would expect a link between host immunity genes and susceptibility or resistance to infection.
The Human Leukocyte Antigen (HLA) gene complex includes two classes of such genes, which encode the Major
Histocompatibility Complex (MHC). Proteins of the MHC present (class I) internally- or (class II) externally-derived
antigenic determinants (epitopes) to T cells, which upon recognition of the epitope-complex, will mount an immune
response to defend against viral and bacterial infections. HLA genes are therefore cornerstone to acquired immunity
in humans. HLA alleles have also been shown to be factors in susceptibility or resistance to certain diseases, and their
frequency and composition in human populations vary widely (http://allelefrequencies.net). A previous study found
HLA class I genes HLA-B*46:01 and HLA-B*54:01 to be associated with the 2003 severe acute respiratory syndrome
(SARS) coronavirus infections in Taiwan [4] – a related disease to the current pandemic.

http://arxiv.org/abs/2004.07108v1
https://github.com/bcgsc/hlaminer
https://www.bcgsc.ca/downloads/btl/SARS-CoV-2/BAL
http://allelefrequencies.net
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For over a decade, high-throughput transcriptome sequencing (RNA-Seq) has proven a worthy instrument for measur-
ing changes of gene expression in human diseases and beyond [5]. Transcriptome analysis has the potential to reveal
key genes that are modulated in response to infections, but also to reveal the HLA composition of affected individuals.
A few years ago, our group developed an approach for mining high-throughput next-generation shotgun sequencing
data for the purpose of HLA determination [6], which has since been applied in a broader clinical context [7].

Here, we report our initial observations based on transcriptome sequencing libraries prepared from the bronchoalveolar
lavage fluid samples of five patients at the early stage of the Wuhan seafood market pneumonia coronavirus outbreak
(see Methods). We identified the HLA class I group A allele A*24:02 in four out of the five individuals. Although
HLA-A*24:02 is common in some populations, the prevalence observed (80%) is higher than the allele frequency in
the Chinese population (17.2%).

2 Methods

We downloaded Illumina HiSeq 3000 paired RNA-Seq reads from libraries prepared from the bronchoalveolar
lavage fluid samples of five patients (https://www.ebi.ac.uk/ena/data/view/PRJNA605983 Accessions: SRX7730880-
SRX7730884 denoted in the table below as Patient 1-5, respectively). We note that these are metagenomics samples,
and, although not explicitly noted, we think that they were prepared for the primary purpose of identifying and charac-
terizing the novel coronavirus at the outbreak epicentre. On each dataset, we ran HLAminer [6] in targeted assembly
mode with default values (v1.4; contig length ≥200bp, seq. identity ≥99%, score ≥1000), and report 4-digit (HLA al-
lele/protein) resolution when top-scoring predictions are unambiguous. Otherwise the 2-digit (allele group) resolution
is reported.

Table 1: HLA-I predictions from the bronchoalveolar lavage fluid samples of five patients at the early stage of the
Wuhan seafood market pneumonia coronavirus outbreak. Highest-scoring HLAminer predictions are shown for HLA
class I genes A, B and C. Common HLA alleles between two or more patients are highlighted in bold face.

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5

A*01:01P A*30:01P A*24:02P A*24:02P A*29
A*24:02P A*02:06P A*26:01P - A*24
B*35/B*57 B*51:01P B*15:01P B*40:01P B*54:01P

B*48 B*13:02P B*51:01P B*13:01P B*07:05P

C*08:72P C*14:02P C*15:02P C*04:03P C*15
C*06:02P C*06:02P C*03:03P C*03:04P -

3 Results

We predicted and compiled the likely HLA class I alleles for five patients at the early stage of the COVID-19 outbreak
in Wuhan, China (Table 1). Although the bronchoalveolar lavage (BAL) fluid samples were initially utilized to iden-
tify and characterize the novel coronavirus (similar justification in [8]), BAL metagenomics samples are expected to
contain host cells / nucleic acids (DNA/RNA). Because HLA genes are expressed at the surface of all human nucleated
cells, RNA-Seq data can be employed to determine HLA profiles from BAL samples.

We observe the HLA-A*24:02 allele in four out of five (80%) patients. HLA-A*24 is a common group of alleles in
Southeastern Asian populations, and the frequency of HLA-A*24:02 allele is high, especially in indigenous Taiwanese
populations, reaching as high as 86.3%. However, our understanding is that the five patients are from the Wuhan
market area, and the associated A*24:02 frequency in Chinese population is typically 17.2%, a value that is statistically
significantly less than our observed frequency of 80% (p< 10

−4, 1-sided z-test).

4 Discussion and Conclusions

A*24 has not been previously reported as a risk factor for SARS infection [9], but there are reports of disease as-
sociation with HLA-A*24:02, notably with diabetes [10] [11] [12] [13], which is a reported potential risk factor in
COVID-19 patients [14]. HLA also informs vaccine development. This knowledge would help prioritize SARS-CoV-
2 derived epitopes predicted to be stable HLA binders [15]. Future studies into host susceptibility and resistance to
SARS-CoV-2 infections are sorely needed as they may help us better manage and mitigate risks of infections. We
chose to communicate our early findings in this domain to facilitate rapid development of response strategies.
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