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ABSTRACT

Background: Solid-organ transplant recipients (SOTRs) receiving immunosuppressive therapy are expected to have
worse clinical outcomes from coronavirus disease 2019 (COVID-19). However, published studies have shown mixed
results, depending on adjustment for important confounders such as age, variants, and vaccination status.

Materials and Methods: We retrospectively collected the data on 7,327 patients hospitalized with COVID-19 from two
tertiary hospitals with government-designated COVID-19 regional centers. We compared clinical outcomes between
SOTRs and non-SOTRs by a propensity score-matched analysis (1:2) based on age, gender, and the date of COVID-19
diagnosis. We also performed a multivariate logistic regression analysis to adjust other important confounders such
as vaccination status and the Charlson comorbidity index.

Results: After matching, SOTRs (n=83) had a significantly higher risk of high-flow nasal cannula use, mechanical
ventilation, acute kidney injury, and a composite of COVID-19 severity outcomes than non-SOTRs (n=160) (all P
<0.05). The National Early Warning Score was significantly higher in SOTRs than in non-SOTRs from day 1to 7 of
hospitalization (P for interaction=0.008 by generalized estimating equation). In multivariate logistic regression
analysis, SOTRs (odds ratio [OR], 2.14; 95% confidence interval [CI], 1.12-4.11) and male gender (OR, 2.62; 95% Cl, 1.26-
5.45) were associated with worse outcomes, and receiving two to three doses of COVID-19 vaccine (OR, 0.43; 95% Cl,
0.24-0.79) was associated with better outcomes.

Conclusion: Hospitalized SOTRs with COVID-19 had a worse prognosis than non-SOTRs. COVID-19 vaccination should
be implemented appropriately to prevent severe COVID-19 progression in this population.
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Clinical Outcomes of Solid Organ Transplant Recipients
Hospitalized with COVID-19: A Propensity Score-Matched Cohort Study

Patients

7,327 hospitalized pateints with COVID-19
From February 1, 2021 to August 31, 2022

Solid Organ
Transplant

Recipients (SOTRs)

N=83

@
(X X
[ 7 1)

Non-SOTRs
N=160

Admission Day 1 to Day 7

@

NEWS §

P for interaction = 0.008 ** SOTRs
—o- Non-SOTRs

3 a 5 6 7
Hospitalization day

Propensity score matching (1:2) on
age, sex, and COVID-19 diagnosis date

Result

COVID-19 Outcomes

Odds Ratio

N4
Y
2.12

(1.22-3.69)
Poor Composite
Outcome

OR(95% ClI)

69

2.91 3.12

(1.34-6.34) (1.07-9.10)
Acute Kidney Injury HFNC

Risk factors for poor composite outcome in
multivariate analysis

Hospitalized SOTRs with COVID-19 had a worse disease severity and clinical course than non-SOTRs.

Conclusion

INTRODUCTION

The coronavirus disease 2019 (COVID-19), caused by
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), has reached endemic status after a prolonged
pandemic around the world. The virus has undergone
several mutations since its initial form, including the
Delta and Omicron variants, each with varying dominant
symptoms and severity. Recent mutations, such as
Omicron, are milder forms that do not have a high
mortality rate [1, 2].

Solid organ transplant recipients (SOTRs) take life-long
immunosuppressive medications to prevent rejection, so
they are chronically immunocompromised. Due to the
immunocompromised state of SOTRs, there has been
concern since the beginning of the COVID-19 pandemic
that it exacerbates the severity of infection. Indeed, there
were initial reports that SOTRs were at increased risk

of death from COVID-19 compared to non-SOTRs [3, 4].
However, subsequent studies have been inconclusive, with
some reporting no difference in mortality between SOTRs
and general population [5]. The mixed results regarding
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COVID-19 vaccines seem to be crucial to prevent severe COVID-19 progression in SOTRs.

the prognosis of SOTR are likely attributed to SARS-CoV-2
variants depending on the time of infection, vaccination
status, patient age, and the use of therapeutic agents [6].

COVID-19 vaccination has played a crucial role in
preventing infection and reducing disease severity.
However, SOTRs showed diminished vaccine efficacy,
relating to their immune suppression [7]. The
immunogenicity rate after receiving two mRNA vaccine
doses against COVID-19 is <60%, which is considerably
lower than that in the general population (>90%)

[8-11]. So, administering booster doses in SOTR has
been confirmed to enhance the immune response and
effectively alleviate the severity of COVID-19 [7], and it
is currently recommended that SOTRs receive periodic
boosters against COVID-19 [7, 12]. However, no studies
have yet analyzed the severity of the disease, clinical
course, and effectiveness of vaccination in large-scale
SOTRs with COVID-19 in Korea. This study compared
SOTRs with matched non-transplant patients, evaluating
the disease severity and in-hospital clinical course of
COVID-19. Additionally, it adjusted for vaccination status
to clearly assess the prognosis.

330



The impact of SOT on COVID-19

MATERIALS AND METHODS

1. Study participants

We retrospectively analyzed the data from patients

with COVID-19 hospitalized in two tertiary hospitals

with government-designated COVID-19 regional centers,
Kyungpook National University Chilgok Hospital and
Kyungpook National University Hospital, from February
1, 2021 to August 31, 2022. COVID-19 was confirmed

by analyzing nasopharyngeal or oropharyngeal swab
samples using real-time reverse transcriptase polymerase
chain reaction for SARS-CoV-2. All hospitalized patients
received symptomatic care with oxygen, antipyretics, and
antitussive agents. Specialists in infectious diseases and
nephrology prescribed therapeutics, such as remdesivir,
antibiotics, dexamethasone, monoclonal antibodies, and
tocilizumab for COVID-19, and the immunosuppressant
doses were adjusted considering the patient’s clinical
course. Overall, 7,327 patients with COVID-19 were
hospitalized during the study period, 85 of whom were
SOTRs (Fig. 1). Patients who underwent maintenance
dialysis were excluded from the analysis. We compared
the prognosis and clinical course during hospitalization
between SOTRs and non-SOTRs.

2. Ethics statement

The study protocol was reviewed and approved by the
Daegu Joint Institutional Review Board (IRB) (DGIRB

2022-05-002-001). As this retrospective study did not
infringe upon the patients’ privacy or health, informed

Hospitalized COVID-19 patients
from two hospitals in Korea
between Feb 2021 and Aug 2022
(n=7,327)

COVID-19 patients on

maintenance dialysis
(n=627)

A,

!

!

COVID-19 patients with SOT
(n=85)

COVID-19 patients without SOT
(n=6,615)

'

v

Propensity score matching (1:2)

!

'

COVID-19 patients with SOT
after propensity score matching
(n=83)

COVID-19 patients without SOT
after propensity score matching
(n=160)

Figure 1. Flow diagram of the study participants.
COVID-19, coronavirus disease 2019; SOT, solid organ transplant.

icjournal.org

°
lc Infection &
Chemotherapy

consent was waived by the IRB. The study was conducted
in accordance with the 2013 Declaration of Helsinki and
the Declaration of Istanbul 2008.

3. Data collection

Patient data were retrospectively collected from electronic
medical records. Baseline patient information, including
demographics, comorbidities, vaccination status, severity
of COVID-19, and vital signs were collected. Information
on the transplant organ type and immunosuppressants
was collected from SOTRs. In-hospital clinical course

and outcomes included the daily National Early Warning
Score (NEWS), treatment information, length of hospital
stay, oxygen therapy, intensive care unit (ICU) stay, the
occurrence of acute kidney injury (AKI), disease severity,
survival status, and discharge information. The primary
outcome was a composite of COVID-19 severity indicators.
The secondary outcomes were each component of the
composite outcome.

4. Definition

To consider the effectiveness of vaccination, for the

first and second doses, we defined patients diagnosed
with COVID-19 between 7 and 180 days after their last
vaccine dose as vaccinated, and for the third dose, we
defined patients diagnosed with COVID-19 more than

7 days after their last vaccine dose as vaccinated [13].
Patients diagnosed with COVID-19 at any other time were
considered unvaccinated, even if they had a history of
vaccination. The poor composite outcome was defined
as the occurrence of at least one of the following
components: supplemental oxygen use, high-flow nasal
cannula (HFNC) use, mechanical ventilation, ICU transfer,
occurrence of AKI, or in-hospital death. COVID-19 severity
was classified into five categories according to the
National Institutes of Health COVID-19 severity criteria
(asymptomatic, mild, moderate, severe, and critical) [14].

The NEWS is an early warning scoring system that facilitates
early detection of and response to clinical deterioration

that comprises the respiratory rate, peripheral oxygen
saturation, supplemental oxygen use, body temperature,
systolic blood pressure, heart rate, and neurological status,
all of which are assigned a score of 0-3 [15].

AKI was diagnosed according to the definition of the
KDIGO guidelines: an increase in the serum creatinine
level to >0.3 mg/dL or >150% from its baseline or the
initiation of dialysis without a history of chronic kidney
disease (CKD) [16].
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5. Statistical analyses

To balance the differences in age, sex, and COVID-19
diagnosis date between SOTRs and non-SOTRs,
propensity score matching (PSM) using nearest-neighbor
1:2 matching within a caliper of 0.2 was performed. PSM
was performed without replacement. After matching, the
absolute standardized mean differences of the matching
variables are all less than 0.1, indicating a good match
(Supplementary Table 1, Supplementary Fig. 1). The
date of COVID-19 diagnosis was included as a matching
variable to adjust for differences in severity according

to the type of SARS-CoV-2 variant. Continuous variables
are expressed as medians (interquartile ranges [IQRs])
and categorical variables are presented as numbers
(percentages). There was no missing data for any of the
continuous or categorical variables used in the analysis.
The Student's t-test or Mann-Whitney U test was used

to compare differences between continuous variables.
Pearson's chi-square test or Fisher's exact test was used
to compare the differences between categorical variables.
Univariate logistic regression analyses were performed
to estimate the odd ratios (ORs) of composite outcomes
in SOTRs, compared with those in non-SOTRs. Stepwise
multivariate logistic regression analysis was performed,
and the Hosmer-Lemeshow test for multivariate model
showed a significance level greater than 0.05, indicating a
good fit (Supplementary Table 2). The receiver operating
curve showed that the model has good predictive

power with an area under the curve value of 0.698
(Supplementary Fig. 2). We applied the generalized
estimating equation (GEE) method to detect differences
between SOTRs and non-SOTRs in the temporal changes
of the NEWS. Statistical analyses were performed using R
software (version 3.6.2, The R Foundation for Statistical
Computing, Vienna, Austria). A P-value <0.05 indicated
statistical significance.

RESULTS

1. Baseline characteristics and treatment
information

Of the 85 SOTRs and 6,615 non-SOTRs, 83 SOTRs

and 160 non-SOTRs were selected by PSM (Fig. 1).

The median age of the patients was 60 (IQR, 51-66)

years, and 73.3% were male individuals (Table 1). There

were no differences in age, sex, body mass index, and

disease severity in hospitalization between SOTRs and

non-SOTRs. Among the SOTRs, 56 patients (67.5%)

received two or three doses of the COVID-19 vaccine
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and 26 patients (31.3%) were unvaccinated. Among the
non-SOTRs, 74patients (46.3%) received two or three
doses of the COVID-19 vaccine and 80 patients (50.0%)
were unvaccinated. Twenty-four patients (9.9%) had

a severe disease on hospitalization, and two patients
(0.8%) had a critical disease. The distribution of disease
severity on hospitalization was not different between
two groups (P=0.145). The Charlson Comorbidity Index
and comorbidities were similar between the groups. Of
the 83 SOTRs, 62 (74.7%), 17 (20.5%), 1 (1.2%), 2 (2.4%),
and 1 (1.2%) were kidney, liver, heart, liver-kidney, and
kidney-pancreas transplant recipient(s), respectively.
Among SOTRs, 70 (84.3%) used tacrolimus, 6 (7.2%)
used cyclosporine, 61 (73.4%) used mycophenolate,

and 54 (65.1%) used corticosteroids as maintenance
immunosuppressants. The proportion of SOTRs receiving
remdesivir or dexamethasone was higher than that of
non-SOTRs, and the proportion of patients receiving the
regdanvimab was higher in non-SOTRs (all P <0.05). The
length of hospital stay was similar between two groups.

2. Comparison of clinical outcomes between
SOTRs and non-SOTRs
For clinical outcomes, a higher proportion of SOTRs
compared with non-SOTRs required HFNC (10.8% vs. 3.8%,
P=0.029), mechanical ventilation (6.0% vs. 0.6%, P=0.019),
and experienced AKI (20.5% vs. 8.1%, P=0.005) and poor
composite outcome (44.6% vs. 27.5%, P=0.007) (Table 2).
Figure 2 shows the temporal changes in the disease
severity index (NEWS) during hospitalization. The NEWS did
not differ on the day of hospitalization but was significantly
higher in SOTRs than in non-SOTRs from days 1to 7 of
hospitalization. The GEE model also revealed a significant
interaction between the groups and time for the NEWS
during hospitalization (P for interaction=0.008).

In univariate logistic regression analysis, male gender
(OR, 2.80; 95% confidence interval [Cl], 1.39-5.60), one
stage increase in disease severity on hospitalization (OR,
3.51; 95% Cl, 2.33-5.29), pneumonia at admission (OR,
4.05; 95% Cl, 2.28-7.22), diabetes mellitus (OR, 2.17; 95%
Cl, 1.24-3.82), chronic renal failure (OR, 2.99; 95% Cl,
1.45-6.16), and SOTRs (OR, 2.12; 95% Cl, 1.22-3.69) were
risk factors for poor composite outcome; conversely, two or
three doses vaccination (OR, 0.58; 95% Cl, 0.34-0.99) was
a favorable factor for good composite outcome (Table 3).
In stepwise multivariate logistic regression analysis, male
gender (OR, 2.62; 95% Cl, 1.26-5.45) and SOTRs (OR, 2.14;
95% Cl, 1.12-4.11) were risk factors for poor composite
outcome; conversely, two or three doses vaccination
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Table 1. Baseline characteristics of study participants and treatment information

Variables All (n=243) SOTRs (n=83) Non-SOTRs (n=160) P-value
Age, years 60 (51, 66) 60 (50, 65) 61 (52, 67) 0.558
<50, n (%) 54 (22.2) 19 (22.9) 35 (21.9) 0.776
50-59, n (%) 60 (24.7) 21(25.3) 39 (24.4)
60-69, n (%) 90 (37.0) 33 (39.8) 57 (35.6)
70-79, n (%) 33 (13.6) 8(9.6) 25 (15.6)
>80, n (%) 6 (2.5) 2 (2.5) 4(2.5)
Sex, male, n (%) 178 (73.3) 62 (74.7) 16 (72.5) 0.713
Body mass index, kg/m?, median (IQR) 23.0 (20.8, 25.1) 22.5(20.3, 24.5) 23.1(20.8, 25.6) 0.591
Body mass index, >25 kg/m? n (%) 61 (25.1) 17 (20.5) 44 (27.5) 0.231
Vaccination status, n (%)
Unvaccinated 106 (43.6) 26 (31.3) 80 (50.0) 0.005
One dose 7(2.9) 1(1.2) 6 (3.7) 0.428
Two doses 48 (19.8) 17 (20.5) 31(19.4) 0.837
Three doses 82 (33.7) 39 (47.0) 43 (26.9) 0.002
Disease severity on hospitalization, n (%) 0.145
Asymptomatic 21(8.6) 3 (3.6) 18 (11.2)
Mild 146 (60.1) 48 (57.8) 98 (61.3)
Moderate 50 (20.6) 21(25.3) 29 (18.1)
Severe 24 (9.9) 10 (12.0) 14 (8.7)
Critical 2(0.8) 1(1.2) 1(0.6)
Charlson Comorbidity Index score, median (IQR) 20,4 21,4 2(0,3) 0.528
Comorbidities, n (%)
Congestive heart failure 5 (2.1) 1(1.2) 4 (2.5) 0.664
Chronic obstructive pulmonary disease 22 (9.1) 4(4.8) 18 (11.2) 0.098
Diabetes mellitus 77 (31.7) 37 (44.6) 40 (25.0) 0.002
Chronic kidney disease 36 (14.8) 26 (31.3) 10 (6.2) <0.001
Transplant organ, n (%)
Kidney 62 (74.7)
Liver 17 (20.5)
Heart 1(1.2)
Others? 3(3.6)
Treatment, n (%)
Regdanvimab 84 (34.6) 21(25.3) 63 (39.4) 0.029
Remdesivir 65 (26.7) 31(37.3) 34 (21.2) 0.007
Dexamethasone 58 (23.9) 26 (31.3) 32 (20.0) 0.050
Length of hospital stay, days, median (IQR) 8.0 (6.0, 11.0) 8 (7.0,12.0) 8.0 (6.0, 10.0) 0.166

aTwo patients underwent liver-kidney transplantation, and one underwent kidney-pancreas transplantation.
SOTRs, Solid organ transplant recipients; Non-SOTRs, non-solid organ transplant recipients; IQR, interquartile range.

307 : N * * (OR, 0.43; 95% Cl, 0.24-0.79) was a favorable factor for
25 | ' good composite outcome.
2.0 -
” DISCUSSION
= 15
“ The study demonstrated that COVID-19 prognosis was
1.0 4 worse for hospitalized SOTRs in Korea compared to
05 | soThs .a matched hospitalizgd non-SOTR cohor.t. COVID-19-
P for interaction = 0.008 e NON-SOTRS infected SOTRs had higher oxygen requirements and
ol . . . . . . more patients with AKI than non-SOTRs matched for age,
1 2 3 4 5 6 7 sex, and time of infection. Although SOTRs and matched
Hospitalization day non-SOTRs did not differ in disease severity at the time
Figure 2. Changes in the NEWS during hospitalization in SOTRs of admission, SOTRs had a worse clinical course during
and non-SOTRs. hospitalization. COVID-19 vaccination was independently

NEWS, National Early Warning Score; SOTR, solid-organ transplant

- associated with better clinical outcomes. Based on these
recipient.
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Table 2. COVID-19 severity outcomes between SOTRs and matched non-SOTRs

Outcomes, n (%) All (n=243) Transplant (n=83) Non-transplant (n=160) P-value 0dds ratio (95% ClI)
Supplemental oxygen 56 (23.0) 24 (28.9) 32 (20.0) 0.118 1.63 (0.88-3.00)
HFNC 15 (6.2) 9 (10.8) 6 (3.8) 0.029 3.12 (1.07-9.10)
Mechanical ventilation 6 (2.5) 5 (6.0) 1(0.6) 0.019 10.19 (1.17-88.74)
ICU transfer 19 (7.8) 9 (10.8) 10 (6.2) 0.206 1.82 (0.71-4.68)
Acute kidney injury 30 (12.3) 17 (20.5) 13 (8.1) 0.005 2.91(1.34-6.34)
Severe or critical disease 59 (24.3) 24 (28.9) 35 (21.9) 0.225 1.45 (0.79-2.66)
In-hospital death 11 (4.5) 4 (4.8) 7 (4.4) >0.999 1.12 (0.32-3.95)
Poor composite outcome 81(33.3) 37 (44.6) 44 (27.5) 0.007 2.12 (1.22-3.69)

COVID-19, coronavirus disease 2019; SOTR, solid organ transplant recipient; HFNC, high-flow nasal cannula; ICU, intensive care unit; Cl,

confidence interval.

Table 3. Risk factors for poor composite outcome

Outcomes, n (%)

Univariate

Multivariate

0dds ratio (95% ClI) P-value 0dds ratio (95% ClI) P-value

Age, years

<50 1

50-59 1.88 (0.82-4.33) 0.136

60-69 2.13 (0.98-4.59) 0.055

70-79 1.75 (0.67-4.60) 0.257

>80 3.50 (0.62-19.63) 0.154
Male gender 2.80 (1.39-5.60) 0.004 2.62 (1.26-5.45) 0.010
Body mass index, kg/m? 0.67 (0.35-1.30) 0.238
Body mass index, >25 kg/m? 0.57 (0.30-1.10) 0.097
Vaccination status

Unvaccinated or one dose vaccination 1 1 -

Two or three doses vaccination 0.58 (0.34-0.99) 0.046 0.43 (0.24-0.79) 0.006
Disease severity on hospitalization (one stage increase) 3.51(2.33-5.29) <0.001
Modified Charlson Comorbidity Index score (one point increase) 1.14 (0.99-1.31) 0.059
Congestive heart failure 3.08 (0.50-18.79) 0.223
Chronic obstructive pulmonary disease 1.43 (0.59-3.51) 0.431 2.20 (0.83-5.84) 0.114
Pneumonia at admission 4.05 (2.28-7.22) <0.001
Diabetes mellitus 2.17 (1.24-3.82) 0.007 1.58 (0.85-2.95) 0.148
Chronic kidney disease 2.99 (1.45-6.16) 0.003 2.15 (0.96-4.83) 0.064
SOTRs 2.12 (1.22-3.69) 0.008 214 (1.12-4.11) 0.021

Cl, confidence interval; SOTR, solid organ transplant recipient.

findings, SOTRs who are taking immunosuppressive
medications should take precautions to avoid contracting
COVID-19 and receive COVID-19 vaccines appropriately.
Additionally, if they do contract COVID-19, they should

be given aggressive therapeutic agents early to prevent
severe infection.

SOTRs are susceptible to SARS-CoV-2 infection because
they are immunosuppressed by continuous use of
immunosuppressive agents [17]. Mortality rates among
hospitalized patients in large cohorts of SOTRs with
COVID-19 have ranged from 20% to 32% during the early
period of the pandemic [18-20]. A large European study
reported that kidney transplant recipients with COVID-19
had a significantly higher risk of mortality compared to
patients without kidney disease [3, 4]. In addition, another
cohort study including 54 lung transplant recipients
reported that lung transplantation was associated with
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an increased mortality risk compared to non-transplant
patients [21]. These studies highlight that long-term
maintenance immunosuppression weakens the body's
defense mechanism against COVID-19 and results in more
severe disease. However, a debate exists on this matter.
Some experts propose that the hyper-inflammatory
reaction associated with severe COVID-19 has led to

the hypothesis that immunosuppression could serve as

a protective measure against severe disease [22]. The
documented advantages of dexamethasone support the
idea of immune modulation in disease management [22].
Interestingly, SOTRs with bacteremia and sepsis exhibited
better outcomes in comparison to non-SOTRs, indicating
that immunosuppression might mitigate the adverse
impacts of hypercytokinemia [23]. Our findings suggest
that chronic maintenance immunosuppression in SOTRs
is likely to have more downsides than upsides against
COVID-19, despite controversy.
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As there is a difference in severity according to the
SARS-CoV-2 variants, we selected patients who were
hospitalized during the same period as the matched
cohort for accurate comparison. The prognosis of SOTRs
was worse than that of non-SOTRs; particularly, the risk
of higher oxygen requirement, such as that through
HFNC use and mechanical ventilation, increased. This
indicated a higher incidence of severe pneumonia in
SOTRs than in non-SOTRs. Because SOTRs are in an
immunocompromised state due to the use of maintenance
immunosuppressants, the T-cell response decreases in
the early phase of COVID-19, leading to severe pneumonia
[24]. Additionally, insufficient protective effects of
standard vaccination and decreased response to COVID-19
therapeutics may also be associated with progression

to severe pneumonia. SOTRs also have a higher risk of
AKI than non-SOTRs. This may be secondary to severe
infection and inflammation in SOTRs. COVID-19 can cause
AKI through several mechanisms [25, 26]: (1) glomerular
ischemia caused by SARS-CoV-2-induced coaqulopathy;
(2) direct kidney invasion through SARS-CoV-2 entry in
proximal tubular cells and podocytes; (3) inflammatory
cytokine elevation and kidney invasion; (4) other factors
that can cause kidney injury, including nephrotoxic drug
use such as calcineurin inhibitors, high positive end-
expiratory pressure, fluid restriction, and hemodynamic
instability. In addition, the high prevalence of underlying
CKD in SOTRs is also a risk factor for AKI [18, 27, 28].

According to the NEWS scoring system, which indicates
the severity of a patient's condition, COVID-19 SOTRs had
worse clinical outcomes during hospitalization compared
to non-SOTRs [15]. On admission, there was no significant
difference in NEWS scores between two groups. However,
starting the day after admission, the SOTR group
consistently had higher NEWS scores throughout the

first week of hospitalization, indicating a poorer hospital
outcome than in the non-SOTR group. Therefore, when
treating SOTRs with COVID-19, it is crucial to consider the
possibility of poor clinical course during hospitalization
and to approach treatment with the potential for
deterioration in mind, even if the initial severity appears
favorable. Interestingly, although the severity of iliness
during hospitalization was significantly higher in the SOTR
group, the length of hospitalization did not differ between
the two groups, probably because the government
guarantine period in Korea prevented patients from being
discharged during the quarantine period, even if clinical
outcomes improved.
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Vaccination plays an important role in preventing severe
cases of COVID-19. However, SOTRs showed a reduced
immune response after vaccination due to maintenance
immunosuppressive agents [29]. Furthermore, some
researchers have reported that vaccination in SOTRs
may increase the risk of rejection due to an increase

in systemic immune response and some SOTRs tend to
avoid vaccination due to these concerns [23]. However,
the multivariate analysis confirmed that vaccination

is an independent factor that reduces the risk of poor
outcomes from COVID-19. In a meta-analysis of the
vaccination effect on SOTRs, it was confirmed that one-
time vaccination alone is insufficient to produce sufficient
protective antibodies, but antibody production increases
with repeated vaccinations [12]. Additionally, there was
no increased risk of rejection after repeated vaccination.
Therefore, clinicians should provide SOTRs who are
hesitant about vaccination with sufficient information
regarding the benefits and safety of vaccination and
encourage them to get vaccinated.

The strength of this study is that it compared the severity
and clinical course of COVID-19 in SOTRs with matched
non-SOTRs in Korea. Furthermore, it shows changes in
clinical course during hospitalization using the NEWS
score. However, this study had some limitations. First,
the number of SOTRs was relatively small because we
analyzed SOTRs who required in-patient treatment. Also,
the type of immunosuppressant taken is known to affect
the clinical outcome of COVID-19, but due to the small
number of SOTRs, we were unable to identify differences
in prognosis by immunosuppressant type. Second,
information on the SARS-CoV-2 variants was unavailable.
In Korea, the related SARS-CoV-2 variants have not been
investigated in all patients, and only a few have been
randomly identified. Because the severity and prognosis
of each SARS-CoV-2 variant can differ, we attempted to
reduce potential bias by selecting patients diagnosed
with COVID-19 during the same period when selecting a
matched non-SOTR cohort.

In conclusion, hospitalized SOTRs with COVID-19 had

a worse disease severity and clinical course during
hospitalization than non-SOTRs. Especially, the risk of
higher oxygen requirement and AKI were higher in SOTRs.
COVID-19 vaccination reduced progression to severe
COVID-19. Considering the risk of severe disease in SOTRs
contracting COVID-19, it is recommended that COVID-19
vaccines be administered appropriately.
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