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1 | INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic caused by
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a
major global health threat. As of July 27, 2022, there were more
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Abstract

Despite considerable variation in disease manifestations observed among
coronavirus disease 2019 (COVID-19) patients infected with severe acute
respiratory syndrome coronavirus 2, the risk factors predicting disease severity
remain elusive. Recent studies suggest that peripheral blood cells play a pivotal
role in COVID-19 pathogenesis. Here, we applied two-sample Mendelian
randomization (MR) analyses to evaluate the potential causal contributions of
blood cell indices variation to COVID-19 severity, using single-nucleotide
polymorphisms (SNPs) as instrumental variables for 17 indices from the UK
Biobank and INTERVAL genome-wide association studies (N = 173 480). Data on
the associations between the SNPs and very severe respiratory confirmed
COVID-19 were obtained from the COVID-19 host genetics initiative (N = 8779/
1001 875). We observed significant negative association between hematocrit
(HCT; odds ratio, OR=0.775, 95% confidence interval, Cl=0.635-0.915,
p=3.48E-04) or red blood cell count (OR=0.830, 95% Cl=0.728-0.932,
p=2.19E-03) and very severe respiratory confirmed COVID-19, as well as
nominal negative association of hemoglobin concentration (OR =0.808, 95%
Cl=0.673-0.943, p=3.95E-03) with very severe respiratory confirmed
COVID-19 (no effect survived multiple correction). In conclusion, the MR study
supports a protective effect of high HCT and red blood cell count from very severe
respiratory confirmed COVID-19, suggesting potential strategies to ameliorate/treat

clinical conditions in very severe respiratory confirmed COVID-19.
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than 570 million confirmed cases of COVID-19, including more than
6 million deaths worldwide, according to the reports from World
Health Organization.® Similar to other human-tropic viral infections,
COVID-19 has varied manifestations, with the large majority of

infected persons having only mild symptoms or even no symptoms.2
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Mortality is predominantly caused by severe respiratory failure
related to interstitial pneumonia in both lungs and acute respiratory
distress syndrome (ARDS).2 While it is reported the severity of the
symptoms is strongly associated with the patient's age in some
studies,” little is known about the causal influences of severe illness
and even mortality in people infected with SARS-CoV-2.

Variation in blood cell indices has been linked to diseases with
high population burdens, such as autoimmune disease and
susceptibility to viral infection. Multiple studies have reported
reduced numbers of natural killer cells in the peripheral blood of
COVID-19 patients, which is associated with the severity of the
disease.’ Similarly, analyses of peripheral blood mononuclear cells
from symptomatic COVID-19 patients have shown a significant
influx of activated CD4* T cells and inflammatory monocytes.®
Moreover, a higher neutrophil-to-lymphocyte ratio may predict
increased mortality in COVID-19 patients.” Nevertheless, it
remains largely unclear whether variations in blood cell indices
reflect etiological roles of hematological pathways or a conse-
quence of COVID-19.

One efficient way to study the causality of an association is
Mendelian randomization (MR), in which genetic variants associated
with a modifiable exposure are used as instrumental variables to
estimate the causal effect of the exposure on an outcome.f MR
analysis uses the random allocation of alleles at conception to obtain
an unconfounded estimate of the association between a risk factor
and an outcome, thereby avoiding the potential residual confounding
and reverse causation in observational association studies. Here, we
applied the MR design to evaluate the potential causal contributions
of 17 blood cell indices levels to COVID-19 severity. As

17 blood cell indices from UK Biobank and
INTERVAL studies (N = 173,480)

(PLT#, MPV, PDW, HCT, MCH, RDW,
RET#, IRF, MONO#, NEUT#, EO#, BASO#,
LYMPH#, RBC#, GRAN#, HGB and
MYELOID#)

—_—

1. Very severe respiratory confirmed covid

(8,779 cases and 1,001,875 controls) 3

2. COVID-19
(112,612 cases and 2,474,079 controls)

Data from the COVID-19 host genetics initiative (Round 6)

SNP-blood cell indices associations |

SNP-COVID-19 associations

pharmacological modulation of blood cell indices advances, we
believe identifying shared causal pathways between these indices
and COVID-19, especially severe illness of COVID-19, could provide
new therapeutic opportunities.

2 | MATERIALS AND METHODS

2.1 | Data source

Summary-level data (i.e., beta coefficients and standard errors) of
the associations between single-nucleotide polymorphisms (SNPs)
associated with blood cell indices (exposures) and very severe
respiratory confirmed COVID-19 (outcome) were extracted from
large-scale genome-wide association studies for these phenotypes
(Figure 1).

Recently, a genome-wide association analysis was performed,
testing 29.5 million genetic variants for association with 36 red cell,
white cell, and platelet properties on 173480 European-ancestry
participants.” All these individuals are from three large-scale UK studies:
INTERVAL, approved by Cambridge (East) Research Ethics Committee,
UK Biobank, and UK BILEVE (a selected subset of the UK Biobank
cohort), both approved by the North West Multi-Centre Research Ethics
Committee.” This genome-wide association study (GWAS) identified a
total of 6736 independent trait-variant paired genetic significant
associations for blood cell indices (p < 8.31E-09).” Due to the high
degree of genetic correlation between the blood cell indices, in
particular, due to the presence of calculated and compound indices,
we selected 17 blood cell indices (Supporting Information: Table S1) to

Univariable [IVW

Weighted median regression
MR-Egger regression
Penalised weighted median

FIGURE 1 Summary of data sources and flowchart of study design. SNP-blood cell indices associations at genome-wide significance

(p < 8.31E-09) were used as instrumental variables. SNP-blood cell indices associations at genome-wide significance (p < 8.31E-09) were used
as instrumental variables. BASO#, basophil count; COVID-19, coronavirus disease 2019; EO#, eosinophil count; GRAN#, granulocyte count;
HCT, hematocrit; HGB, hemoglobin concentration; IRF, immature fraction of reticulocytes; IVW, inverse-variance weighted; LYMPH#,
lymphocyte count; MCH, mean corpuscular hemoglobin; MONO#, monocyte count; MPV, mean platelet volume; MR, Mendelian
randomization; MYELOID#, myeloid white cell count; NEUT#, neutrophil count; PDW, platelet distribution width; PLT#, platelet count; RBC#,
red blood cell count; RDW, red cell distribution width; RET#, reticulocyte count; SNP, single-nucleotide polymorphism.
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represent all 36 indices. These 17 blood cell indices are
platelet count (PLT#), mean platelet volume (MPV), platelet distribution
width (PDW), hematocrit (HCT), mean corpuscular hemoglobin (MCH),
red cell distribution width (RDW), reticulocyte count (RET#), an
immature fraction of reticulocytes (IRF), monocyte count (MONO#),
neutrophil count (NEUT#), eosinophil count (EO#), basophil count
(BASO#), lymphocyte count (LYMPH#), red blood cell count (RBC#),
granulocyte count (GRAN#), hemoglobin concentration (HGB), and
myeloid white cell count (MYELOID#).

The COVID-19 host genetics initiative (COVID-19 HGI) is a
global initiative, trying to elucidate the role of host genetic
factors in the susceptibility and severity of the SARS-CoV-2
virus pandemic.’® Genetic variants associated with COVID-19
susceptibility, severity, and outcomes were identified by GWAS.
The round 6 very severe respiratory confirmed COVID-19 (total
cases 8,779) versus population (total controls 1001875)
GWAS summary-level data released by COVID-19 HGI
(COVID19-hg GWAS meta-analyses round 6 (covid19hg.org))
was used in the current study. As a control, GWAS statistics from
COVID-19 (i.e., both hospitalized and nonhospitalized) versus
negative control population (112 612/2474079) was chosen.
Detailed information such as phenotype definition, diagnosis
criteria, sample size, and ancestry can be found in Supporting

Information: Table S1.

2.2 | Two-sample MR analysis

In this design, the exposure phenotype of interest was 17 blood cell
indices described above, and the severity of COVID-19 was defined
as the outcome. A total of 3289 genetic significant SNPs (p < 8.31E-
09) of 17 blood traits were acquired from the UK study as
instrumental variables, and 2462 were kept after harmonizing
(Supporting Information: Table S2). To further investigate the causal
relationships between the exposure and outcome and also test the
validity of the genetic score as an instrument, two-sample MR
approaches were used to detect and accommodate violations of the
MR assumptions, specifically horizontal pleiotropy. Briefly, for each
SNP instrument indexing the exposure, the ratio estimate is
calculated as the beta coefficient for the SNP-exposure association
divided by the beta coefficient for the SNP-outcome association.
These estimates are then combined across SNPs using the inverse-
variance-weighted (IVW) method under a multiplicative random-

effects model,*?

alongside other methods to overcome the violations
of specific instrumental variable assumptions, as no single method
controls for all statistical properties that may impact MR estimates,

3 and penalized

including MR-Egger (Egger),!?> weighted median,?
weighted median'® approaches.

To further determine whether pleiotropy is unbalanced, we
tested the significance of the MR-Egger intercept. A significant test
indicates the presence of unbalanced pleiotropy, and sensitivity
analyses are thus required to validate the results. To account for 17

tests, we applied a Bonferroni correction and considered associations
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with p<294E-03 (i.e,, 0.05/17) to be significant, and nominal
association with a p-value between 0.05 and 2.94E-03. MR-Egger

regression was used to assess horizontal pleiotropy.

3 | RESULTS

3.1 | Identification of genetic instruments

For each of the 17 blood cell indices (PLT#, MPV, PDW, HCT, MCH,
RDW, RET#, IRF, MONO#, NEUT#, EO#, BASO#, LYMPH#, RBC#,
GRAN#, HGB, and MYELOID#), SNPs surpassing genome-wide
significant p-value (p <8.31E-09) were chosen as genetic instru-
ments.’ Final analyses included uncorrelated (r? < 0.001; validated in
European British panel using LDlink) SNPs available in GWAS of very
severe respiratory confirmed COVID-19. The number of genetic
instruments ranged from 64 for BASO# to 235 for MPV (Supporting
Information: Table S2).

3.2 | Associations of blood cell indices with severe
COVID-19

Using IVW method, under a multiplicative random-effects model, we
detected significant negative association between HCT (OR=0.775,
95% Cl=0.635-0.915, p=3.48E-04) or RBC# (OR=0.830, 95%
Cl=0.728-0.932, p=2.19E-03) and very severe respiratory con-
firmed COVID-19 (Figure 2 and Supporting Information: Table S3).

In addition, nominal negative associations of very severe
respiratory confirmed COVID-19 were observed for HGB (OR =
0.808, 95% Cl=0.673-0.943, p = 3.95E-03), which did not survive
multiple Bonferroni correction (p < 2.94E-083, i.e., 0.05/17) (Figure 2
and Supporting Information: S1, Supporting Information: Table S3).
Weak pleiotropy was detected for EO# (p=0.029), MYELOID#
(p=0.021), and IRF(p = 0.012), which may bias the IVW MR estimate.
There is no evidence of heterogeneity and unbalanced horizontal
pleiotropy (all p>0.05) was observed for the left 14 traits, as
indicated by the MR-Egger intercept test (Table S4).

As a negative control, we further performed similar MR analyses on
COVID-19 (i.e., both hospitalized and nonhospitalized). Surprisingly, no
evidence of significant association was observed between COVID-19
and blood cell indices as mentioned above (all p > 2.94E-03; Supporting
Information: Table S5), suggesting that these associations are specific to
severe COVID-19.

4 | DISCUSSION

Everyone is at risk of getting COVID-19 if they are exposed to the virus.
Some people are more likely than others to become severely ill, which
means that they may require hospitalization, intensive care, or a
ventilator to help them breathe, or they may even die. Understanding
the risk factors conferring risk for severe COVID-19 illness will provide
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Exposures OR (95% Cl) P value
Immature fraction of reticulocytes | 1.094 (1.003 - 1.184) 0.052
Monocyte count I , 1.071 (0.981 - 1.161) 0.137
Platelet distribution width : ‘ 1.070 (0.985 - 1.155) 0.118
Mean corpuscular hemoglobin 1 1.057 (0.994 - 1.121) 0.086
Mean platelet volume L | 1.050 (0.988 - 1.113) 0.123
Eosinophil counts 1.045 (0.948 - 1.142) 0.374
Reticulocyte count _ 1.036 (0.942 - 1.130) 0.461
Red cell distribution with —— 1.036 (0.947 - 1.125) 0434
Neutrophil count N B 0.987 (0.845 - 1.129) 0.859
Granulocyte count I 0.984 (0.846 - 1.122) 0.816
Platelet count —et 0.974 (0.899 - 1.049) 0.495
Lymphocyte counts }—e:—{ 0.951 (0.824 - 1.078) 0437
Myeloid white cell count S — 0.930 (0.797 - 1.062) 0.281
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FIGURE 2 Associations of genetic predisposition to blood cell indices with severe COVID-19. The OR corresponds to the increase of one
standard deviation in blood cell indicator level. Estimates are from the multiplicative random-effects inverse variance-weighted method.
Bonferroni corrected associations with p < 2.94E-03 (i.e., 0.05/17) were considered significant. Cl, confidence interval; COVID-19, coronavirus

disease 2019; OR, odds ratio.

vital information to help public health officials make decisions to protect
those vulnerable populations. Previous studies have revealed causal
roles of blood cell indices in diseases with high population burdens, such
as autoimmune disease and respiratory and cardiovascular illnesses,
which have been implicated in COVID-19 pathogenesis.”** Here, we
used MR inference to unravel causal mechanisms underlying blood cell
indices-COVID-19 correlations. We observed significant negative
association between HCT or RBC# and severe COVID-19, as well
as nominal negative association with HGB (OR=0.808, 95%
Cl=0.673-0.943, p=3.95E-03). Our genetic evidence may suggest
protective roles of HCT or RBC# from severe COVID-19.

Although most of the clinical manifestations of COVID-19 are
thought to be caused by cytokine storm,*” leading to an exaggerated
inflammatory response in the body, SARS-CoV-2 is also known to
attack one of the four sites on hemoglobin that binds to oxygen, thus
decreasing the oxygen-carrying capacity and finally leading to ARDS.
Supporting it, significantly lower hemoglobin levels were observed in
COVID-19 patients, especially in severely ill patients.*® We also
observed a trend of a negative association between hemoglobin
concentration and severe COVID-19 (OR =0.808 and p = 3.95E-03),
according to our MR analyses.

Most of the critically ill patients, who presented with hypoxia due
to ARDS, have a poor prognosis, especially in people with underlying
co-morbidities.'” Ejigu et al.*® reported a COVID-19 case, who was
intubated and mechanically ventilated for acute respiratory fail-
ure. Despite the patient being presented with multiple comorbidities
and a cardiac arrest, he improved drastically after being given five units
of packed RBC# within 2 days, in comparison with the median duration

).19 These lines of evidence,

of mechanical ventilation (around 10 days
combined with our results, strongly suggested a protective role of

RBC# from severe COVID-19, especially those with ARDS. Since

respiratory and ventilator support, the current standard therapeutic
treatment of COVID-19, is associated with high mortality rates,
strategies to increase HCT and/or RBC levels can be considered to
treat/ameliorate respiratory conditions associated with COVID-19.
However, more work is needed to ascertain the mechanistic role played
by red blood cells in SARS-CoV-2 control and pathogenesis.

This study uses a robust quasi-experimental approach, based on
high-quality GWAS data from international consortia using large
samples. The genetic instrument for blood cell indices comprised
multiple SNPs robustly associated with each blood cell indicator,
thereby providing a strong genetic instrument. Second, the majority
of samples are of European descent in UK Biobank, thus minimizing
population stratification bias. However, the following limitations must
be acknowledged. First, the possibility that the blood cell indices-
related SNPs affect very severe respiratory confirmed COVID-19
outcomes through other causal pathways than through blood cell
indices levels can't be entirely ruled out. Second, genetic variants
associated with very severe respiratory confirmed COVID-19 are
derived from a comparison between very severe respiratory
confirmed COVID-19 and general populations. Limited information
is available about the SARS-CoV-2 infection status in the control
participants and the presence of infected persons in the control
group would result in a false negative association with very severe
respiratory confirmed COVID-19, which might further affect the MR
analyses in the current study. Third, participants of the UK Biobank
were included in both the exposure and outcome datasets, which
may have introduced some bias in the causal estimates in the
direction of the observational association between blood cell
indices and COVID-19. However, the genetic variants are reasonably
strongly associated with the exposure, meaning that bias due to

sample overlap is reasonably small.
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5 | CONCLUSION

In conclusion, the MR study supports a protective effect of high HCT
and/or RBC# from very severe respiratory confirmed COVID-19,
suggesting potential strategies to ameliorate/treat clinical conditions
in very severe respiratory confirmed COVID-19.
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