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The coronavirus disease 2019 (COVID-19) is a highly infectious disease caused
by SARS-CoV-2. Since its first report in December 2019, COVID-19 has evolved
into a global pandemic causing massive healthcare and socioeconomic chal-
lenges. HLA system is critical in mediating anti-viral immunity and recent
studies have suggested preferential involvement of HLA-B in COVID-19 sus-
ceptibility. Here, by investigating the HLA-B genotypes in 190 unrelated Chi-
nese patients with confirmed COVID-19, we identified a significant positive
association between the B22 serotype and SARS-CoV-2 infection (p = 0.002,
Bonferroni-corrected p = 0.032). Notably, the B22 serotype has been consis-
tently linked to susceptibility to other viral infections. These data not only shed
new insights into SARS-CoV-2 pathogenesis and vaccine development but also
guide better infection prevention/control.
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COVID-19 has been declared as a global pandemic by the
World Health Organization (WHO) on 11 March 2020
and posed a major threat to public health worldwide. As
of August 2020, the reported death toll in the world has
surpassed 0.7 million among 20 million confirmed cases
(https://covid19.who.int/). The disease is caused by a
new and highly transmissible coronavirus named SARS-
CoV-2, whose genomic sequence was 96% and 79.5% sim-
ilar to that of bat SARS-like coronavirus and the previous
SARS-CoV, respectively.! The main symptoms of
COVID-19 are fever, cough and fatigue but there are also
considerable numbers of infected cases who are asymp-
tomatic, making the diagnosis and control of virus spread
difficult. In addition, while the majority of the patients
have mild symptoms, some severe cases can progress to
acute respiratory distress syndrome or multiorgan dys-
function. While certain clinicopathological variables
including older age, chronic diseases and lymphopenia
are potentially linked to increased severity, other factors
that affect SARS-CoV-2 susceptibility and the heterogene-
ity in clinical response remain largely unclear.

HLA plays a central role in the immune system by its
involvement in the presentation of antigenic peptides to
T-cells to mediate anti-viral immunity. The ubiquitously
expressed HLA class I molecules are responsible for CD8
T-cell response. On the other hand, class II molecules are
mainly expressed on antigen presenting cells and mediate
CD4 T-cell response. As HLA alleles are highly polymor-
phic, individuals with different HLA genotypes may
exhibit differential immune responses toward pathogen
infection, thereby contributing to varied disease suscepti-
bility and outcomes. In fact, previous studies from others
and our group have revealed the association of HLA
genotypes with SARS-CoV infection susceptibility and
severity.>” Interestingly, a recent in silico analysis of
the binding affinity between HLA class I molecules
(including HLA-A, -B and -C) and peptides derived from
SARS-CoV-2 indicated that certain HLA-B alleles might
be particularly related to SARS-CoV-2 vulnerability.*
Accordingly, a recent report has also revealed a higher
frequency of HLA-B*15:27 in COVID-19 patients than in
the control population,’ further implying a differential
role of HLA-B in dictating SARS-CoV-2 susceptibility. In
the present study, we sought to investigate the relation-
ship of HLA-B genotypes with susceptibility or resistance
to SARS-CoV-2 infection and disease presentation in a
cohort of 190 unrelated ethnic Chinese patients with
confirmed COVID-19 from Hong Kong.

The patient cohort included 96 males and 94 females
who were admitted to six different local hospitals in
Hong Kong from April to June 2020. First-degree rela-
tives among the patients had been excluded. The
median age of the patients was 32years (range

17-93 years) and the diagnosis of COVID-19 was made
by detection of SARS-CoV-2 viral RNA in their deep
throat saliva, nasopharyngeal swab or throat swab spec-
imens by RT-PCR according to the WHO guidelines.
COVID-19 disease severity was classified as mild/mod-
erate, severe or critical as previously described.® For
control comparison, we obtained genotyping data of
3892 unrelated ethnic Chinese in the Hong Kong Chi-
nese Cord Blood Registry (HKCCBR) from the Allele
Frequency Net Database (AFND).”® This study was
approved by the Joint CUHK-NTEC Clinical Research
Ethics Committee and carried out following the Decla-
ration of Helsinki.

Genomic DNA was extracted from peripheral blood
with the Gentra Puregene Blood Kit (Qiagen) according
to the manufacturer manual. HLA-B genotypes were
determined by Sanger sequencing-based typing as previ-
ously described’ with the use of the SBTengine software
(GenDx, Version 3.20.1) for allele assignment. Odds ratio
(OR) with 95% confidence interval (CI) was obtained
from a 2 x 2 contingency table. Statistical analysis was
performed by Fisher's exact test with Bonferroni correc-
tion for multiple comparisons. Two-sided p < 0.05 was
considered statistically significant.

Thirty-three different HLA-B alleles were identified
in the COVID-19 patient cohort. Compared to the
HKCCBR control, we observed higher frequencies of
B*54:01, B*56:01 and B*56:04 in the patient group
(p < 0.05) (Supporting Information, Table S1). Of note,
all these three HLA-B alleles belong to the same B22
serotype. Next, we grouped the alleles into serological
subtypes (n = 15) for analysis. Consistently, the B22 sero-
type was found to be strongly associated with the
COVID-19 group (OR = 1.71, 95% CI = 1.23-2.38,
p = 0.002) and the association remained statistically sig-
nificant after Bonferroni correction (corrected p = 0.032)
(Table 1). To validate these observations, we recruited
294 healthy blood donors (162 males, 132 females) who
were ethnic Chinese and age-matched with the COVID-
19 patient group from the Hong Kong Red Cross Blood
Transfusion Service (HKRCBTS). The HLA-B frequencies
of the 15 serotypes in the recruited blood donors were
found to be highly concordant with those in the
HKCCBR (r = 0.987, p < 0.0001). Again, the B22 serotype
showed higher frequencies in the COVID-19 patient
group than the HKRCBTS blood donors (OR = 1.66, 95%
CI = 1.06-2.59, p = 0.027) though no corrected statistical
significance was reached (Table 1). On the contrary, the
B27 serotype was consistently found to be less frequent in
the COVID-19 patient group than the HKCCBR
(p = 0.064) and HKRCBTS (p = 0.047) controls. The
impacts of the B5 and B12 serotypes were inconsistently
observed in the two control cohorts.
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Of the 181 COVID-19 patients with follow-up clini-
cal data (Table S2), 21 cases (12%) had no symptoms at
admission. Sixty patients (33%) had lymphopenia, which
was noted in 40 cases on admission. The remaining
20 cases developed the abnormality 1 to 61 days after
admission (median 3 days). Most of the symptomatic
patients (150 of 160, 94%) had mild/moderate disease,
whereas four and six cases had severe and critical ill-
ness, respectively. All the patients were alive at the last
follow-up. Interestingly, we observed that the putative
SARS-CoV-2-resistant B27 serotype tended to be over-
represented in asymptomatic patients (p = 0.068). No
significant association of HLA-B, both at allele and sero-
type levels, with lymphopenia and disease severity was
found (Table 2).

To date, no specific treatment plan or vaccine is
available for the highly infectious COVID-19. Identifica-
tion of high-risk subjects susceptible to SARS-CoV-2
infection is of great importance in preventing virus
spread, reducing public health burden and prioritizing
preventive medicine. HLA class I molecules play a cru-
cial role in directing anti-viral immune responses and
their genetic heterogeneity thus dictates clinical reac-
tions and outcomes among individuals. Here, we showed
that the HLA-B22 serotype is a potential risk marker for
SARS-CoV-2 infection. B22 is a broad antigen serotype
including B54, B55 and B56 and has a frequency of about
7% in Asians and 2.6% in Europeans inferred from the
AFND.® This serotype has been implicated in poor
immune response conferring susceptibility to several
viral infectious diseases including hepatitis C virus
(HCV) and human immunodeficiency virus (HIV).'*!!
Interestingly, a recent study by Barquera et al found that
five B22 alleles (B*54:01, B*55:01, B*55:07, B*55:12 and
B*56:01) were among the 94 weakest HLA-B binders to
SARS-CoV-2," further suggesting B22 as a susceptibility
marker. On the other hand, our data seem to suggest a
possible role of the HLA-B27 serotype in modulating
SARS-CoV-2 infection. B27 serotype is well-known for
its strong association with ankylosing spondylitis,'> but
notably, this serotype has also been shown to mediate
protection against HCV and HIV." The observation that
the same HLA markers may be associated with suscepti-
bility/resistance to all three different SARS-CoV-2, HIV
and HCV may imply a common general immune mecha-
nism operating against these viral infections. However, it
can also implicate similarities in the cellular attacks in
viral pathogenesis. Indeed, all the three viruses are RNA
viruses. In particular, SARS-CoV-2 and HCV are
positive-sense RNA viruses that share striking sequence
and structural homology in their RNA-dependent RNA
polymerase and protease, which are central components
for viral replication."’®  Concordantly, hepatic
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manifestations have also been reported in COVID-19
patients and are more prevalent in severe than in mild
cases.’® On the other hand, lymphopenia is the clinical
hallmark of HIV infection. This abnormality is also an
important feature associated with increased COVID-19
severity.'” Together, these observations suggest that per-
turbation of immune homeostasis also plays a significant
role in the pathogenesis of this new coronavirus.

A recent study on 82 Chinese COVID-19 patients
from East China suggested HLA-B*15:27 as a suscepti-
bility marker.” This allele has a frequency of 0.46% in
the HKCCBR’ and was absent in our COVID-19 patients
and HKRCBTS blood donors, the majority of whom are
southern Chinese. HLA-B*46:01 was recently predicted
by in silico studies to have the fewest binding peptides
for SARS-CoV-2 and thus expected to confer disease sus-
ceptibility.* We did not observe such associations here,
possibly reflecting the notion that T-cell-mediated
response is a highly complex and multiparameter pro-
cess involving various factors not limited to HLA-
peptide interactions.'® Also, as most of our COVID-19
patients had mild/moderate symptoms, this might have
precluded the recognition of the effects of HLA poly-
morphisms on disease severity. It should be stated that
the number of cases in our study is relatively limited, in
particular those carrying the B27 serotype, and larger
studies are warranted to confirm the findings. In addi-
tion, we did not study other HLA class I and II mole-
cules here so their influences are unclear and await
further investigations.

In conclusion, we have identified potential HLA
markers that are related to the susceptibility and resis-
tance to SARS-CoV-2. These findings will provide new
insights into SARS-CoV-2 pathogenesis, the design of
vaccination programs, and more effective infection
control to reduce morbidity and mortality.
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