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1 | BACKGROUND

The coronavirus disease 2019 (COVID-19) pandemic has
put immense pressure on health care systems worldwide.
Common symptoms of COVID-19 include fever, myalgia,
and cough, although the disease may develop into serious
conditions causing acute respiratory distress syndrome
(ARDS) or death."* Expanding our knowledge and use of
prognostic factors for severe disease outcomes can facilitate
clinical decisions for individualized treatment. Several risk
factors have been described, with increased age and being
overweight as two of the strongest predictors for severe
COVID-19 and death. In addition, male gender, cardiovas-
cular diseases (CVD), and certain immunosuppressive con-
ditions and therapies have been associated with increased
risk for severe COVID-19.37> Moreover, multiple inflamma-
tion markers in the blood have been shown to correlate to

the outcome of severe acute respiratory syndrome corona-
virus-2 (SARS-CoV-2) infection, such as C-reactive protein
(CRP), which reaches high levels in patients with ARDS due
to COVID-19.° Additional blood-based biomarkers associ-
ated with disease severity include lymphocyte and neutro-
phil cell counts, interleukin (IL)-1, IL-6, IL-10, and soluble
urokinase plasminogen activator receptor (suPAR).””’

ABO blood groups, as well as secretor status that de-
termines the expression of blood group antigens in the
mucosa, have been implicated as risk factors for suscep-
tibility to SARS-CoV-2 infection. However, their effect on
COVID-19 disease severity remains unclear.'%!

In 2003, during the SARS-CoV epidemic, an associ-
ation between a high viral load at hospital admission
and worse prognosis was observed.'? Concerning SARS-
CoV-2, there is relatively limited data on the correlation
between viral load and disease severity, and studies have
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reported divergent results.">'* Several research groups
have reported a higher viral load at time of hospitalization
as well as longer duration of virus shedding' in patients
with severe COVID-19."*'° However, other studies have
not found such associations,'” or that while viral load was
higher in severe cases, it was not a statistically significant
predictor of disease severity.'®

The aim of this study was to investigate the associa-
tion between SARS-CoV-2 viral load, ABO blood groups
and secretor status, and disease severity in a well-defined
cohort of hospitalized COVID-19 patients’ and to further
elucidate whether real-time PCR cycle threshold values
can be used as a predictive marker in clinical settings.

2 | METHODS

This study was part of a prospective study of patients admit-
ted to the Department of Infectious Diseases at Vrinnevi
Hospital in Norrkoping, Sweden between August 2020 and
May 2021.” In total, 62 patients were included in the cohort
based on the following inclusion criteria: age>18years,
ability to provide consent, and a current COVID-19 di-
agnosis verified through qPCR on throat or nasopharyn-
geal swab samples at time of admittance to hospital,
using Abbott Real-Time SARS-CoV-2 or Alinity m SARS-
CoV-2 assays (Abbott, Solna, Sweden). Exclusion criteria
were cognitive impairment and not speaking Swedish or
English. Oral and written informed consent was obtained
from all participants. The study protocol was approved by
the Swedish Ethical Review Authority (Decision number
2020-02580). At inclusion, patients were asked to answer
a questionnaire including symptom duration and smoking
habits. Additional data were collected from digital medical
records: body mass index (BMI), CVD, chronic pulmonary
disease, chronic renal failure and diabetes, current medi-
cation, current immunosuppression (medical condition or
therapy), length of hospital stay, highest level of care re-
ceived, maximum need of oxygen supplementation, need
of renal dialysis, and lastly, COVID-19-related medica-
tion (at the time; anticoagulants, remdesivir, and/or dexa-
methasone) (Table 1). The full cohort data pertaining to
this study have been published previously.” None of the
patients had received any dose of COVID-19 vaccination
before study inclusion. Two patients declined to provide an
additional nasopharyngeal swab sample for qPCR analysis
at inclusion and were thus excluded from analysis.
Patients were divided into four disease severity groups
based on guidelines by the National Institutes of Health,
USA, and approximated with respect to the highest level
of care (pandemic department, intermediate or intensive
care unit [ICU]) and the maximum need for oxygen ther-
apy: mild (pandemic department, no oxygen supplement),

moderate (pandemic department with oxygen supplement
<5 L/min), severe (pandemic or intermediate care unit with
oxygen supplement >5 L/min and ventilation assistance),
and critical (ICU with or without mechanical ventilation).”
For statistical analysis, only two groups were compared:
mild/moderate and severe/critical, due to the low number
of patients in the mild and critical group, respectively.
Viral load was quantified from nasopharyngeal samples
(n = 60) collected at study inclusion and kept at —80°C
until analysis. RNA extraction was performed using the
QIAamp Viral RNA Mini Kit (Qiagen, Hilden, Germany)
according to the manufacturer's instructions. High-
Capacity cDNA Reverse Transcription Kit (Thermo Fisher
Scientific, Uppsala, Sweden) was used for cDNA synthe-
sis, following the manufacturer's instruction. Samples
were run on a thermal cycler (S1000 Thermal Cycler, Bio-
Rad, Solna, Sweden) using the following protocol: 25°C for
10 min followed by 37°C for 2 h and finally 85° for 5 min.
The qPCR was performed as previously described.” In
brief, samples were run in duplicates using iTaq Universal
Probes Supermix (Bio-Rad) with primers and probe tar-
geting the SARS-CoV-2 envelope gene, as described by
Corman et al.?° To allow for absolute quantification of viral
load and inter-assay validation, a standard curve with a se-
rial dilution of a plasmid containing the genetic sequence
for SARS-CoV-2 envelope protein was added to each qPCR
run (pEX-A128-nCoV_E_Sarbecco, Eurofins Genomics,
Solna, Sweden). Cycle threshold (C,)-values (viral load)

TABLE 1 Clinical characteristics of the patient cohort included
in this study. Adapted from Ref. 7

Patients, n = 60

Male, n (%) 40 (67)
Age, median (range) 57.5(32-91)
Body mass index (kg/m?), median (range) 30 (22-45)
Cardiovascular disease,* n (%) 33(55)
Chronic pulmonary disease, n (%) 15(25)
Chronic renal failure, n (%) 7(12)
Current or ex-smoker, 1 (%) 33(55)
Diabetes, n (%) 15(25)
Immunocompromisedb at inclusion, n (%) 8 (13)
Symptom duration at inclusion, days median 10 (2-30)
(range)
COVID-19 severity
Mild, n (%) 6 (10)
Moderate, n (%) 25(42)
Severe, n (%) 21 (35)
Critical, n (%) 8 (13)

“Includes hypertension.

®Disease and/or on current immunosuppressant medicine, such as
haematological or other malignancies, organ transplantation and rheumatic
disease.
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were divided into three categories: negative, C; value >30
(low viral load), and C; value <30 (high viral load). Cycle
threshold values have an inverse relationship to viral load,
that is, the lower the value in a sample, the higher the viral
load. ABO blood group typing was performed at the labo-
ratory of Clinical Immunology and Transfusion Medicine
at Linkoping University Hospital according to their stan-
dard operating procedures. Additionally, ABO blood group
antigens and secretor phenotype in saliva were determined
as previously described.*! Reporting of the study conforms
to broad EQUATOR guidelines.*

3 | STATISTICS

The distribution of all continuous variables in the study
was tested by Shapiro-Wilk's test of normality. Variables
to be included in the multivariate logistic regression were
determined through univariate analysis either by Fisher's
exact test for binary variables or Mann-Whitney U-test
for continuous variables. Any variable with a p<.1 in the
univariate analysis was included in the final regression
model. IBM SPSS Statistics version 27 was used for statis-
tical analysis and calculations. For graphical illustrations,
Graph Pad Prism 9.0.0 (GraphPad Software) was used.

4 | RESULTS

At inclusion, SARS-CoV-2 viral load in the nasopharyn-
geal samples was higher (p = .015) in patients with more
severe disease outcome (Figure 1A). The same association
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was observed in the four-group analysis (mild, moderate,
severe, critical), but the sample number was too low in
the mild and critical groups to allow for a reliable statis-
tical comparison (Figure 1B). There was no association
between ABO blood groups or secretor status and disease
severity (Table 2), or viral load at inclusion (Figure 2).

To investigate whether viral load was an independent
predictor of disease severity, a multivariate logistic re-
gression was performed (Table 3). Potential co-predictors
were identified in univariate analyses. Neither age, gen-
der, nor duration of symptoms before inclusion showed
any association to severity or viral load at inclusion in
the univariate analysis (p>.3). BMI, CRP, suPAR, and
neutrophil-to-lymphocyte ratio (NLR) were identified as
potential factors at the p<.1 criterium and were included
in the logistic regression. Additionally, 35% (21/60) of
the participants had received antiviral treatment (remde-
sivir)>1 day before study inclusion, which had a negative
correlation with viral load (p = .1). As such, remdesivir
treatment was also included as a potential confounder.

The multivariate regression analysis showed that high
viral load (C-value <30, OR 15.3, p = .014) independently
predicted COVID-19 severity (Table 3).

5 | DISCUSSION

In the present study, we observed that SARS-CoV-2 viral
load at inclusion was higher in patients with more se-
vere COVID-19. In addition, viral load was shown to be
an independent predictor of disease severity in this well-
characterized patient cohort.
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FIGURE 1 PCR cycle threshold values for SARS-CoV-2 RNA in nasopharyngeal samples from patients at inclusion. The patients are
stratified into different symptom severity groups (A: 2 groups; B: 4 groups). Comparison between the two groups was done using Mann-

Whitney U-test. The horizontal line represents the median, n = 60.
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Several previous studies have investigated the asso-
ciation between SARS-CoV-2 viral load and severity of
COVID-19, but the results are conflicting. Comparison
between these studies is difficult as they vary to a large
extent with regards to cohort composition, study de-
sign, sampling time-points after onset of symptoms and

TABLE 2 Distribution of ABO blood groups and secretor
status in hospitalized patients with COVID-109, stratified by mild/
moderate and severe/critical disease.

Mild/ Severe/
moderate critical
Total number n (%) n (%)
ABO blood group
A 29 14 (48) 15(52)
0 23 11 (48) 12 (52)
B 6 4(67) 2(33)
AB 4 2(50) 2(50)
Secretor status
Positive 43 23 (48) 25(52)
Negative 14 8(57) 6(43)
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sample selection.'® The results can also vary depending
on host factors, for example one study reported a pos-
itive correlation of viral load with disease severity in
younger age groups (<60years), but not in older ones.**
However, a more consistent association between higher
viral load and disease severity is found in cohorts of hos-
pitalized patients'**>'®?* such as ours, although not al-
ways in multivariate analysis.'® This was also observed
during the previous SARS-CoV epidemic, where Chu
et al. showed that high viral load at hospital admittance
was independently associated with more severe forms of
SARS." Thus, all these observations suggest that viral
load at admittance to hospital could be a useful clini-
cal predictor of COVID-19 outcome. A previous study
with influenza virus observed that individuals receiv-
ing higher doses of virus developed more severe symp-
toms.? Higher viral load has also been associated with
clinical symptoms and disease severity for several other
viral infections, caused by, for example, metapneumovi-
rus,? respiratory syncytial virus®’ and norovirus,” but
results are conflicting between studies.?**° One poten-
tial explanation for the observed associations between
high viral load and disease severity is that higher virus
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FIGURE 2 gPCR cycle threshold values for SARS-CoV-2 RNA in patient nasopharyngeal samples at inclusion. The patients are
stratified by ABO blood groups (A) and secretor status (B). The horizontal line represents the median. n = 60.

TABLE 3 Association between SARS-CoV-2 viral load as determined with qPCR cycle threshold (C,) values and COVID-19 disease

severity
Mild/moderate Severe/critical
Variable symptoms, n (%) symptoms, n (%) OR (95% CI) aOR? (95% CI) p-Value
Neg qPCR (Ref) n = 24 16 (52) 8(28) 1.0 (Ref) 1.0 (Ref)
C, value >30 n = 21 11 (36) 10 (35) 1.82 (0.55-6.1) 4.78 (0.90-25.3) .066
C,value <30 n =15 4(13) 11 (38) 5.50 (1.32-22.9) 15.30 (1.74-134) 014

*Adjusted for remdesivir treatment, body mass index, soluble urokinase plasminogen activator receptor, C-reactive protein, and neutrophil-to-lymphocyte

ratio.
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replication and/or longer persistence and dissemination
in the host, due to failure to control the viral infection,
leads to more severe outcomes through dysregulated
and/or overactive immune responses.’! Higher viral load
might also indirectly reflect other comorbidities such as
immunosuppression, which can affect the disease out-
come.*” Nevertheless, the underlying mechanisms and
pathophysiology connecting viral load and disease se-
verity are not clear and require a deeper understanding.

We did not observe any effect of blood group anti-
gens or secretor status on disease severity nor viral load
at inclusion. Several studies have observed a lower in-
fection susceptibility for individuals with blood group
O. Still, any putative effect of blood group antigens on
disease severity remains unclear.'® Few studies have in-
vestigated the role of secretor status, an important sus-
ceptibility factor for many viruses infecting the mucosa,
in COVID-19,'! and the results are (:onﬂicting.33’34 The
underlying mechanisms behind the observed findings of
blood groups and risk of COVID-19 are not fully under-
stood, but several hypotheses have been proposed. These
include a facilitation of binding of the SARS-CoV-2 vi-
rion to blood group A epitopes in the respiratory tract,*
or inhibition of the SARS-CoV-2 virion by natural an-
ti-A and anti-B antibodies in individuals with blood
group 0.*® Support for the latter hypothesis comes from
an observation that ABO antibody levels were lower in
COVID-19 patients than controls*’ and from a study ob-
serving decreased risk of transmission between individ-
uals with ABO incompatibility.*®

Another hypothesis originates from the observation
that individuals with blood group O have lower levels of
von Willebrand factor,® which thus could lower the risk
of thrombosis during COVID-19.'%

A strength of this prospective study is the well-
defined, although small, cohort of hospitalized patients
with COVID-19.” The study cohort reflects some of the
well-known characteristics of severe disease, including
co-morbidities, predominance of male gender and obe-
sity,” although the only medical condition associated
with disease severity in the multivariate analyses was
being overweight. There was no effect of age, a well-
known risk factor. Reasons for this might include the
limited number of patients in each group as well as the
exclusion of patients with cognitive impairment, which
is more common among the elderly. Another limitation
of the study is the exclusion of patients not speaking
Swedish or English which may potentially have skewed
the cohort distribution. Moreover, some of the patients
were initially receiving care at another pandemic de-
partment and were not included in the study until
they were transferred to the Department of Infectious
Diseases. This is reflected in the observation that 40%

of the patients were negative for SARS-CoV-2 by qPCR
in nasopharyngeal samples at study inclusion, despite
having previously tested positive at hospital admission.
However, the self-reported symptom duration before
study inclusion was not associated with disease outcome
or viral load and as such was not a confounding factor.
In addition, 35% of the patients had received antiviral
treatment (remdesivir) before study inclusion and viral
load quantification. However, this potential confounder
was accounted for by inclusion in the multiple regres-
sion analysis. Performing the same analysis without ad-
justing for remdesivir treatment yielded similar results
with high viral load (C;<30) independently predicting
disease severity (OR 7.48, p = .038).

Additionally, it is important to point out that the results
cannot be applied with certainty to the latest SARS-CoV-2
variants. The patients were included from the fall of 2020
to the spring of 2021, during which time the alpha variant
was predominant in Sweden. A further, important limita-
tion of using qPCR cycle threshold values is that they can-
not be readily compared between studies or laboratories,
as they depend on a multitude of factors, ranging from
sample collection and nucleotide extraction to molecular
tests used. Thus, the specific cut-off for “high” and “low”
viral load may influence the prognostic value of the vari-
able and should be evaluated independently.

To conclude, we observed higher SARS-CoV-2 viral
load in patients with a more severe disease outcome.
Additionally, using multivariate analysis, we observed
that the qPCR cycle threshold value was an independent
predictor of disease severity in this cohort. As such, viral
load may be a potential prognostic factor for disease out-
come in patients hospitalized due to COVID-19 and may
contribute to effective targeted treatment of patients with
higher risk of developing severe disease.
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