Sakaguchi et al. BMC Nephrology ~ (2024) 25:124 BMC Neph ro|ogy
https://doi.org/10.1186/s12882-024-03561-7

Check for
updates

Assessing antiviral treatment efficacy

and risk factors for severe COVID-19 in kidney
transplant recipients during the Omicron
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Abstract

Background Kidney transplant recipients (KTRs) are at risk of severe coronavirus disease 2019 (COVID-19), and even
now that Omicron subvariants have become dominant, cases of severe disease are certain to occur. The aims of this
retrospective study were to evaluate the efficacy of antiviral treatment for COVID-19 and to identify risk factors for
severe disease in KTRs during Omicron subvariant-dominant periods.

Methods A total of 65 KTRs diagnosed with COVID-19 who received antiviral treatment between July 2022 and
September 2023 were analyzed. Mild cases received oral molnupiravir (MP) as outpatient therapy, while moderate
or worse cases received intravenous remdesivir (RDV) as inpatient therapy. In principle, mycophenolate mofetil was
withdrawn and switched to everolimus. We investigated the efficacy of antiviral treatment and compared the clinical
parameters of mild/moderate and severe/critical cases to identify risk factors for severe COVID-19.

Results Among 65 cases, 49 were mild, 6 were moderate, 9 were severe, and 1 was of critical severity. MP was
administered to 57 cases; 49 (86%) improved and 8 (14%) progressed. RDV was administered to 16 cases; 14 (87%)
improved and 2 (13%) progressed. Seventeen (26%) cases required hospitalization, and none died. Comparisons of
the severe/critical group (n=10) with the mild/moderate group (n=>55) demonstrated that the severe/critical group
had a significantly higher median age (64 vs. 53 years, respectively; p=0.0252), prevalence of diabetes (70% vs. 22%,
respectively; p=0.0047) and overweight/obesity (40% vs. 11%, respectively; p=0.0393), as well as a significantly longer
median time from symptom onset to initial antiviral therapy (3 days vs. 1 day, respectively; p=0.0026). Multivariate
analysis showed that a longer time from symptom onset to initial antiviral treatment was an independent risk factor
for severe COVID-19 (p=0.0196, odds ratio 1.625, 95% confidence interval 1.081-2.441).
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Conclusion These findings suggest that a longer time from symptom onset to initial antiviral treatment is associated
with a higher risk of severe COVID-19 in KTRs. Initiating antiviral treatment as early as possible is crucial for preventing
severe outcomes; this represents a valuable insight into COVID-19 management in KTRs.

Keywords COVID-19, Kidney transplant recipients, Molnupiravir, Remdesivir

Background

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), the virus that causes coronavirus disease 2019
(COVID-19), has been a worldwide pandemic virus since
early 2020. With each COVID-19 outbreak, new subvari-
ants are created, and to this day, the disease shows no
signs of abating. In addition to risk factors such as diabe-
tes mellitus (DM), hypertension (HT), malignancies and
cardiovascular disease (CVD), renal disease is considered
a risk factor for COVID-19, and dialysis, organ transplan-
tation, and chronic kidney disease have been reported as
factors associated with a higher risk of death [1]. More-
over, organ transplant recipients, including kidney trans-
plant recipients (KTRs), who take immunosuppressive
agents have been reported to have a higher rate of severe
COVID-19, as well as a lower rate of antibody acquisition
with vaccination [2, 3].

The Omicron subvariants, which became the domi-
nant variants as of 2023, have increased the number of
infections due to strong immune escape, even in vacci-
nated people, while the rates of severe illness and mor-
tality have decreased [4]. At our institution, the number
of KTRs with COVID-19 increased during the Omicron
subvariant era. Although most cases are mild, some
KTRs develop severe disease.

Several antiviral drugs, such as molnupiravir (MP),
nirmatrelvir/ritonavir (NR), remdesivir (RDV), and
ensitrervir, are used to treat COVID-19. MP is an orally
available prodrug with antiviral activity against SARS-
CoV-2. A Phase III, double-blind, randomized, placebo-
controlled study showed that early treatment with MP
reduced the risk of hospitalization and death in unvac-
cinated COVID-19 patients at risk of severe disease [5].
In addition, MP has been shown not to be a substrate,
inhibitor, or inducer of various cytochrome P450 (CYP)
enzymes, human P-glycoprotein, or evaluated transport
proteins, making it a drug with a low risk of drug interac-
tions, which thus may be easier to use in KTRs who are
taking a variety of drugs, including immunosuppressive
agents [6]. RDV is another antiviral drug that was effec-
tive against COVID-19 in several large clinical trials in
patients with mild to severe disease [7]. Therefore, we
treat KTRs with mild COVID-19 with MP and KTRs
with moderate or worse disease with RDV. However,
reports regarding the efficacy of antiviral treatment for
COVID-19 occurring in KTRs are anecdotal, providing
insufficient evidence [8—11]. In addition, risk factors for
severe disease in KTRs with COVID-19 during Omicron

subvariant- dominant periods are not yet known. The aim
of this retrospective study was to evaluate the efficacy of
antiviral treatment for COVID-19 and risk factors for its
severity in KTRs during Omicron subvariant-dominant
periods.

Patients and methods

Patient selection

We performed a retrospective observational study at the
Department of Urology, Kagoshima University Hospi-
tal in Kagoshima, Japan. We obtained informed consent
from all subjects and/or their legal guardians in the form
of opt-out on the website and permission from the Eth-
ics Committee of Kagoshima University to conduct this
study in accordance with the Declaration of Helsinki. A
total of 65 Japanese adult KTRs diagnosed with COVID-
19 and treated with antiviral agents in our department
or related facilities from July 2022 to September 2023
were analyzed. Only symptomatic patients were consid-
ered for antiviral treatment in this study. In our institu-
tion, the use of antiviral drugs is not indicated in KTRs
or patients with other risk factors for severe COVID-19,
such as DM and obesity, if they are asymptomatic or have
no significant clinical symptoms. As part of their ratio-
nale, Sakurai et al. reported on the natural history of
asymptomatic SARS-CoV-2-infected patients and found
that the majority of the cohort (including patients with
pre-existing DM and HT) remained asymptomatic [12].
Therefore, asymptomatic patients and those with very
mild symptoms were excluded in this study. The diagno-
sis of COVID-19 was defined as a positive SARS-COV-2
antigen or polymerase chain reaction test of nasal or pha-
ryngeal swab specimens. The severity of COVID-19 was
classified from mild to critical according to the National
Institutes of Health (NIH) COVID-19 Treatment Guide-
lines (https://www.covid19treatmentguidelines.nih.
gov/): mild, patients with varied symptoms (e.g., fever,
cough, sore throat, malaise, headache, muscle pain) but
no shortness of breath, dyspnea, or abnormal imaging;
moderate, patients with SpO2>94% and lower respira-
tory disease evidenced by clinical assessment or imaging;
severe, patients with SpO2<94%, PaO2/FiO2 <300, respi-
ratory rate>30 breaths/min, or lung infiltrates>50%; or
critical, patients with respiratory failure, septic shock,
and/or multiorgan dysfunction.
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Patient management

Patients initially diagnosed with mild disease were
treated orally with MP 1600 mg/day for 5 days in a non-
hospitalized setting. Patients who progressed to mod-
erate disease or worse despite treatment with MP were
hospitalized and switched to treatment with RDV. Mod-
erate or worse cases at initial diagnosis were hospitalized
and treated with intravenous RDV. Typically, RDV was
administered at a dose of 200 mg/day on the first day, fol-
lowed by 100 mg/day for 4 days and then up to 10 days,
depending on the disease state. Regarding the adjust-
ment of immunosuppressive agents, in patients taking
mycophenolate mofetil (MMF), MMF was temporarily

Table 1 Patient characteristics

Population
Variable (h=65)
Age, median (range) 55 (19-74)
Gender, n (%) Male 38 (58)
Female 27 (42)
BMI, kg/m?, median (range) 22
(16.8-31.8)
Time since transplantation, 56 (3-162)
months (range)
Donor, n (%) Living 63 (97)
Deceased 2(3)
Previous SARS-CoV-2 vaccine, 4 (0-6)
doses, median (range)
>3 doses, n (%) 59 (91)
<2doses, n (%) 5(7)
0 dose, n (%) 1(2)
Time from symptom onset to 1(0-14)

initial antiviral treatment, days,
median (range)
Baseline eGFR, ml/min/1.73m?, 451

median (range) (18.3-99.5)
Primary kidney disease, n (%) Glomerulonephritis 27 (42)
DM nephropathy 1107)
Polycystic kidney 6(9)
disease
Nephrosclerosis 4 (6)
Others 8(12)
Unknown 9 (14)
Maintenance immunosuppres- Tacrolimus 60 (92)
sion, n (%)
Cyclosporine 7(11)
Mycophenolate 42 (65)
mofetil
Everolimus 33(52)
Azathioprine 102
Prednisolone 60 (92)
Methylprednisolone 3(5)
Comorbidities, n (%) DM 19 (29)
HT 54 (83)
Overweight/obesity 10(15)
CVD 13 (20)
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withdrawn or reduced and switched to everolimus (EVR).
This conversion was attempted based on the results
reported by Modelli de Andrade et al. [13]. As a rule, cal-
cineurin inhibitor (CNI) treatment was maintained and,
if necessary, the dose was reduced as much as possible
according to the trough concentration.

Data collection

The clinical characteristics of age, gender, medical his-
tory, body mass index (BMI), previous SARS-CoV-2
vaccination, comorbidities, antiviral agents, other ther-
apeutic interventions (e.g., steroids, oxygen therapy,
changes in immunosuppressive therapy), and base-
line estimated glomerular filtration rate (eGFR) were
obtained and analyzed. We evaluated the therapeutic
efficacy of MP and RDV in terms of reduction in disease
severity, hospitalization rate, and incidence of adverse
events. For adverse events, acute kidney injury (AKI) was
assessed using Kidney Disease Improving Global Out-
comes (KDIGO) criteria and other events were assessed
using the Common Terminology Criteria for Adverse
Events (CTCAE) version 5.0 (https://ctep.cancer.gov/).
We also compared clinical parameters between the mild/
moderate and severe/critical groups to assess risk factors
for severe COVID-19.

Statistical analyses

The relationships between the two patient groups were
analyzed using the Mann—Whitney U test and Fisher’s
exact test. The relationships among three variables were
analyzed using Bonferroni-adjusted Mann-Whitney U
tests. Univariate analysis was performed to determine
variables associated with COVID-19 severity in KTRs. In
addition to the variables for which the p value was <0.1
(time from symptom onset to initial antiviral treatment,
age, BMI, and DM), sex, MMF use, and renal function,
which have been associated with severe COVID-19 in
previous reports [1, 14], were covariates in the multivari-
ate analysis. Multivariable analysis was performed with
logistic regression. All analyses were carried out using
Expert StatView software, version 5.0 (Cary, NC, USA).
P - values <0.05 were considered significant.

Results

Patient characteristics

Characteristics of all 65 KTRs with COVID-19 who were
enrolled in this study are shown in Table 1. The median
age was 55 (range 19 —74) years, 58% of the cohort was
male, median time since transplantation was 56 (range
3-162) months, median BMI was 22 (range 16.8—-31.8)
kg/m? and median baseline eGFR was 45.1 (range 18.3—
99.5) mL/min/1.73m?% The median number of previous
SARS-CoV-2 vaccination doses was 4 (range 0-6), and
vaccination coverage was high, at more than 95%. Among
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the main immunosuppressive drugs, tacrolimus was used
in 92% of cases, MMF in 65%, EVR in 52%, and predniso-
lone in 92%. Regarding comorbidities, DM was present
in 29% of cases, HT in 83% of cases, and 15% of cases
were defined as overweight/obesity, with BMI>25 kg/m?.
The median time from symptom onset to initial antivi-
ral treatment was 1 (range 0-14) day, indicating that the
majority of cases received antiviral treatment relatively
early after symptom onset.

Treatment details and outcomes

A summary of disease severity, treatment details, and
outcomes is shown in Table 2. Among the 65 cases, 49
(75%) were mild, 6 (9%) moderate, 9 (14%) severe, and
1 (2%) critical in severity. Fever was the most common
major symptom, followed by upper respiratory symptoms
such as sore throat and cough. Some patients with mod-
erate or severe disease experienced dyspnea. Arthralgia
and gastrointestinal symptoms, such as nausea, vomiting,
and diarrhea, were also seen in some cases. Seventeen
(26%) patients required hospitalization, and 1 (2%) criti-
cal patient required intensive care unit (ICU) admission.
As antiviral agents, 57 (88%) patients received MP and 16
(25%) received RDV. In terms of drugs used in combina-
tion with antiviral treatment, dexamethasone was used
in 10 cases (15%), heparin in 5 cases (8%), and baricitinib
in 1 case (2%). Oxygen therapy was administered to 10
patients (15%), and ventilator management was adminis-
tered to 1 (2%) patient with COVIID-19 of critical sever-
ity. With regard to immunosuppressive adjustments,
MMEF withdrawal/reduction was performed in 40 (62%)
cases, representing 95% of the cases taking MMEF. Only 2
patients who discontinued MMF did not switch to EVR.
In addition, CNI withdrawal/reduction was performed
in 19 cases (29%) based on trough level. We maintained
steroids used as maintenance immunosuppressants and
did not add any other steroids for mild/moderate cases
(n=55). In contrast, we used dexamethasone 6 mg/day in
combination with RDV for 7-10 days for severe/critical
cases (n=10), depending on the case. In terms of overall
outcome, 48 (74%) patients recovered without hospital-
ization, and all 17 (26%) patients who required hospital-
ization were discharged from the hospital with no deaths.
These results were considered to be as favorable as those
reported previously [10, 15, 16].

Outcomes by antiviral drug

A summary of outcomes by antiviral drug is shown in
Table 3. MP was used in 57 patients initially diagnosed
with mild disease. By gender, 36 (63%) cases were male
and 21 (37%) were female. Of those 57 cases, 49 (86%)
were cured and 8 (14%) worsened to moderate or worse
and required inpatient treatment with RDV. Only one
of the 49 cured patients was hospitalized for AKI. This
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Table 2 Summary of disease severity, treatment details, and

outcomes
All pa-
tients
(n=65)
Disease severity, n (%) Mild 49 (75)
Moderate 609
Severe 9(14)
Critical 102
Symptoms, n (%) Fever 54 (83)
Sore throat 35 (54)
Cough 28 (43)
Nasal mucus 11(017)
Headache 1107)
Dyspnea 9(14)
Arthralgia 9(14)
Dysgeusia 203)
Nausea or vomiting 2(3)
Diarrhea 12
Hospitalization, n (%) 17 (26)
Intensive care unit admis- 1)
sion, n (%)
Antivirals, n (%) Molnupiravir 57 (88)
Remdesivir 16 (25)
Other treatment, n (%) Dexamethasone 10 (15)
Heparin 5(8)
Baricitinib 102
Methylprednisolone 102
MMF withdrawal/reduction 40 (62)
CNI'withdrawal/reduction 19 (29)
Oxygen therapy 10 (15)
Mechanical ventilation 12
Outcome, n (%) Without hospitalization 48 (74)
Discharged 17(26)
Death 0(0)
Table 3 Outcomes by antiviral drug
Molnupiravir Remdesivir
(n=57) (n=16)
Age, median (range) 55 (19-74) 62 (27-74)
Gender, n (%)
Male 36 (63) 7 (44)
Female 21 (37) 9 (56)
Hospitalization, n (%) 9(16) 16 (100)
Disease progression, 8(14) 2(13)
n (%)
Adverse events, n (%) 102) 4 (25)
Liver dysfunc- —— 3(19)
tion (£G2)
Acute kidney 1 (2) 1(6)
injury (Stage
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Fig. 1 Comparison of eGFR at baseline, after 1 month of antiviral therapy, and after 3 months of antiviral therapy
Box plot of eGFR at baseline, after 1 month of antiviral therapy, and after 3 months of antiviral therapy. (A) MoInupiravir, () Remdesivir

Table 4 Comparison of clinical parameters of patients treated
with MP who improved and progressed

improvement  progression P value
(n=49) (n=8)
Age, years, me- 53 (19-74) 65.5 (47-74) 0.0118
dian (range)
Gender, n (%) Male 31(63) 5(63) >0.9999
Female 18(37) 3(38)
DM, n (%) 10 (20) 3(38) 0.3653
BMI, kg/mz, 22 (17.0-29.6) 228 0.2104
median (range) (18.8-28.8)
>25,n  5(10) 3(38) 0.0742
(%)
Use of MMF as 30(61) 5(63) >0.9999
maintenance
immunosup-
pression, n (%)
Time from 1(0-5) 25(1-10) 0.0430
symptom
onset to MP
treatment,
days, median
(range)
Baseline eGFR, 46 (19.2-99.5) 44 45 0.9451
ml/min/1.73m?, (183-73.5)
median (range)
<30,n  4(8) 2 (25) 0.1943
(%)
Previous SARS- 4 (2-6) 4 (0-5) 0.8933

CoV-2 vaccine,
doses, median
(range)

AKI might have been due to SARS-CoV-2 infection itself,
although the possibility of an adverse event with MP
could not be ruled out. In fact, there was no significant
change from baseline in eGFR at 1 and 3 months after
treatment in patients receiving oral MP (Fig. 1A). No
other apparent adverse events of concern were observed.
RDV was used in 16 patients initially diagnosed with
moderate or worse disease. By gender, 7 (44%) cases
were male and 9 (56%) were female. All 16 patients who
received RDV were hospitalized in case of further severe
disease and for careful monitoring of blood concentra-
tions of the CNI for dose adjustment. Among those
cases, 13 (87%) cases were cured; two (13%) had dis-
ease progression but eventually improved, and all were
discharged from the hospital, with no deaths. Adverse
events included liver dysfunction (grade 2) in 3 patients
and AKI (stage 1) in 1 patient, but none were serious, and
all patients improved. Similar to the findings with MP
treatment, there was no significant change from base-
line in eGFR at 1 month and 3 months after treatment
in patients receiving intravenous RDV (Fig. 1B). These
results demonstrated the efficacy and safety of MP and
RDV for KTRs with COVID-19.

In addition, we performed a retrospective comparison
of the clinical parameters of patients treated with MP
who improved and progressed. The results are shown in
Table 4. In the group that progressed, the median age was
significantly higher than in the group that improved (65.5
vs. 53 years, respectively; p=0.0118), and the time from
symptom onset to initial MP treatment was significantly
longer (2.5 days vs. 1 day, respectively; p=0.0430). These
results suggested the importance of early initiation of MP
in mild cases.
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Evaluation of risk factors for disease severity in KTRs with
COVID-19

To evaluate risk factors for disease severity in KTRs with
COVID-19 during the Omicron subvariant-dominant
era, we compared the clinical parameters of the mild/
moderate (n=55) and severe/critical (n=10) groups. The
severe/critical group had a significantly higher median
age (64 vs. 53 years, p=0.0252), prevalence of DM (70%
vs. 22%, p=0.0047) and prevalence of overweight/obe-
sity (40% vs. 11%, p=0.0393) (Table 5; Fig. 2A). In addi-
tion, the time from symptom onset to initial antiviral
treatment was significantly longer in the severe/critical
group than in the mild/moderate group (3 days vs. 1 day,
p=0.0026) (Table 5; Fig. 2B). There were no significant
differences in gender, prevalence of HT, median BMI,
percentage of patients with MMF use and number of
previous vaccinations between groups (Table 5; Fig. 2C-
D). On the other hand, although not significantly differ-
ent, there was a trend toward lower baseline eGFR in the
severe/critical group compared with the mild/moderate
group and a trend toward a higher proportion of patients
with eGFR<30 ml/min/1.73m? (Table 5; Fig. 2E). These

Table 5 Comparison of baseline characteristics between groups
mild/moderate severe/critical P

(n=55) (n=10) value
Age, years, me- 53 (19-74) 64 (27-74) 0.0252
dian (range)
260, n 20 (36) 7 (70) 0.0788
(%)
Gender, n (%) Male 34 (62) 4 (40) 0.2968
Female  21(38) 6 (60)
DM, n (%) 12 (22) 7 (70) 0.0047
HT, n (%) 44 (80) 10 (100) 0.1930
BMI, kg/mz, 22 (16.8-29.6) 22.25(18.8-31.8) 0.3877
median (range)
>25n 6(11) 4 (40) 0.0393
(%)
Use of MMF as 34 (62) 8(80) 04736
maintenance
immunosup-
pression, n (%)
Time from 1(0-11) 3(1-14) 0.0026
symptom onset
to initial antivi-
ral treatment,
days, median
(range)
Baseline eGFR, 46 (19.2-99.5) 39(183-73.5) 0.3538
ml/min/1.73m?,
median (range)
<30,n 6(11) 3(30) 0.1345
(%)
Previous SARS- 4 (0-6) 4 (3-5) 04519

CoV-2 vaccine,
doses, median
(range)
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results suggested that earlier antiviral treatment might
be important in reducing disease severity, in addition to
managing known risk factors for severity, such as age and
DM.

A longer time from symptom onset to initial antiviral
treatment is an independent risk factor for severe COVID-
19in KTRs

We performed a multivariate logistic regression analysis
to investigate independent risk factors for COVID-19
severity in KTRs. Univariate analysis suggested that DM,
overweight/obesity and a longer time from symptom
onset to initial antiviral treatment were significant risk
factors for disease severity (Fig. 3). Of these factors, mul-
tivariate analysis identified that longer time from symp-
tom onset to initial antiviral treatment (odds ratio 1.625,
95% confidence interval 1.081-2.441, p=0.0196) was
the only independent risk factor for severe COVID-19
in KTRs (Fig. 3). These results provide positive support
for the possibility that initiation of antiviral treatment as
early as possible might reduce the severity of COVID-19
in KTRs.

Discussion

More than three years have passed since COVID-19
spread worldwide, but after repeated outbreaks and
resurgences, the virulence of this unprecedented infec-
tious disease remains. The widespread use of vaccines
and the mutation of SARS-CoV-2 have reduced the
rate of severe disease and mortality, but the number
of infected patients has not decreased, and there is an
urgent need to elucidate the mechanisms of and risk fac-
tors for severe disease and sequelae. In addition to their
immunosuppressed state, solid organ transplant (SOT)
recipients, including KTRs, who often have a variety of
comorbidities, are generally considered to be at high
risk for severe disease [2]. In a large meta-analysis of
patients who became infected with COVID-19 after SOT,
including 1500 KTRs, the mortality rate among KTRs
was 22% higher than in the general population, and risk
factors were similar to those in the general population,
such as older age and obesity [17]. COVID-19 severity
and mortality rates are reported to be decreased with
the Omicron strain. However, Nevejan et al. reported
that immunocompromised adult patients showed an
increased risk of in-hospital mortality related to COVID-
19 when infected with Omicron variants [18]. Moreover,
Wong et al. found a mortality rate of 4.9%, multi-organ
failure rate of 12.2%, and respiratory failure rate of 12.2%
in 41 KTRs with COVID-19, and even in the Omicron
dominant period, the authors reported that COVID-19
may not necessarily be mild in KTRs [15]. Similar to the
findings of their report, 10 of the 65 cases (15%) in our
present study were in the severe/critical group, which
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Univariate Multivariate
Time from symptom onset to L OR 1.372, P=0.0119 - OR 1.625, P=0.0196
initial antiviral treatment (days) (1.072 — 1.756) (1.081 — 2.441)
Older Age OR 4.083, P = 0.0589 OR 6.202, P=0.1178
( Z 80 years) (0.948 — 17.582) (0.630 — 61.051)
Gender OR 0.412, P = 0.2067 OR 0.293, P = 0.2498
(male) (0.104 — 1.632) (0.036 — 2.374)
DM ] OR 8.361, P = 0.0054 ) OR 3.928, P=0.1738
(+) (1.872 — 37.337) (0.547 — 28.204)
Overweight/obesity OR 5.444, P = 0.0292 OR 5.425, P = 0.0998
(BMI > 25 kg/m?) (1.187 — 24.969) (0.724 — 40.640)
Use of MMF OR 2.471, P = 0.2804 OR 2.355, P = 0.4620
(+) (0.478 — 12.766) (0.240 — 23.087)

Baseline eGFR
( < 30 ml/min/1.73m2)

OR 3.500, P =0.1240

OR 0.485, P=0.6324
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Fig. 3 Univariate and multivariate analysis to evaluate risk factors for severe COVID-19 in KTRs. Logistic regression analysis showed that longer
time from symptom onset to initial antiviral therapy was an independent risk factor for severe COVID-19 in KTRs. OR, odds ratio. Cl, confidence interval.
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does not necessarily mean that the disease can be consid-
ered mild.

The effect of chronic immunosuppressive agent use
on COVID-19 in KTRs remains unclear. The scien-
tific evidence for conversion of MMF to EVR in KTRs
with COVID-19 is still insufficient. Nevertheless, we are
converting from MMF to EVR based on the findings of
Modelli de Andrade et al. [13]. They analyzed risk fac-
tors for mortality in 1379 KTRs in the 28 days following
a COVID-19 diagnosis and found that one risk factor for
increased mortality was the use of MMF or azathioprine,
while the use of mammalian target of rapamycin (mTOR)
inhibitors was associated with a decreased risk of death
[13]. In their discussion, they hypothesized that the rea-
son for the adverse effects of MMF and azathioprine
use is that they are often associated with lymphopenia,
a known risk factor for COVID-related death, and that
the production of neutralizing antiviral antibodies may
be inhibited [13, 19, 20]. In addition, since SARS-CoV-2
replication has been suggested to be dependent on the
Akt/mTOR/HIF-1 pathway, the authors hypothesized
that the use of mTOR inhibitors might lead to a protec-
tive effect [13, 21, 22]. Moreover, there is a report that
mTOR inhibitors can inhibit SARS-CoV-2 replication
by inducing autophagy and inhibiting viral protein syn-
thesis [23]. Several reports have suggested that switch-
ing from MMF to EVR may be effective and safe in SOT
recipients with COVID-19 [24-26]. Lépez-Vilella et al.
reported that heart transplant recipients with COVID-19
who developed non-severe pneumonia requiring hospi-
talization were switched from MMF to EVR, which was
safe, with no instances of rejection, and was well toler-
ated [24].. Interestingly, they reported that in this patient
population, few (only 8%) received antiviral treatment,
but all had good outcomes. Thus, those results suggest
that this conversion may be effective and safe in SOT
recipients with COVID-19. The investigators also stated
that the reason for this conversion was that EVR reduces
the risk of infection by other viruses, such as cytomeg-
alovirus, by regulating factors involved in several cel-
lular functions that are crucial for viral replication [24].
In addition, Colmenero et al. proposed an algorithm for
changing baseline immunosuppressive agents in liver
transplant recipients with COVID-19, based on the fact
that MMF dose, especially when higher than 1000 mg/
day, is an independent risk factor for severe COVID-19,
and this deleterious effect was not observed with EVR or
CNIs [25]. In their algorithm, they concluded that MMF
withdrawal or temporary conversion to EVR or CNIs
until disease resolution could be beneficial for hospital-
ized patients [25]. Although there are no comprehensive
studies involving this conversion in KTRs with COVID-
19, Kijima et al. reported a case of COVID-19 in a KTR
who had a good outcome after switching from MMF to
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EVR in addition to antibody cocktail therapy [26]. That
case experienced no rejection, stable renal function, and
no exacerbation of COVID-19 after conversion, suggest-
ing its efficacy and safety. The authors also explained that
one reason for this conversion was that mTOR inhibi-
tors suppress early production of B cells and reduce the
population of antigen-specific memory B cells, which
would be expected to reduce cross-reactive antibody
production and thus antibody-dependent potentiation
in patients with COVID-19 [26]. Based on the findings
of those studies, in principle, MMF was being withdrawn
and actively converted to EVR in our present study. How-
ever, despite those previous reports, the scientific basis
for this conversion is still inadequate, and several seri-
ous concerns about this conversion remain. The first is
that it takes several days for EVR to reach steady-state
and exert its effect, which may prevent it from having an
early effect on COVID-19 in KTRs [27, 28]. Second, EVR
may increase the immunosuppressive burden of KTRs
with COVID-19. Moreover, mTOR inhibitors may exac-
erbate the hematologic effects and pneumonia caused
by COVID-19 [29]. The fact that these concerns remain
unresolved is one of the limitations of this study. Further-
more, this study was not designed to evaluate the effect of
any specific treatment on KTRs with COVID-19, and no
firm conclusions can be drawn in this regard. Therefore,
to resolve these concerns, we would like to accumulate
more cases and conduct further research to investigate
whether this conversion is appropriate, thereby contrib-
uting to a favorable outcome in KTRs with COVID-19.

Regarding the administration of steroids, as mentioned
above, dexamethasone was combined with RDV only in
severe/critical cases, while mild/moderate cases were
maintained on steroids only as maintenance immunosup-
pressants. Gottlieb et al. reported that the use of dexa-
methasone in combination with RDV in severe/critical
cases decreased mortality while it increased mortality
in mild/moderate cases [30]. In addition, Moromizato et
al. recently reported that intravenous methylpredniso-
lone pulse therapy for critically ill patients with COVID-
19 reduced the risk of in-hospital mortality, whereas it
increased the risk of in-hospital mortality in non-criti-
cally ill patients [31]. Based on those findings, we admin-
istered dexamethasone as an additional steroid only in
severe/critical COVID-19 cases. However, there is still
no evidence for optimal adjustment of steroids specifi-
cally for COVID-19 in KTRs. Therefore, further studies
are needed to investigate the appropriate adjustment of
steroids for KTRs with COVID-19.

To control the severity of COVID-19 in KTRs, antivi-
ral treatment is very important. Radcliffe et al. reported
that SOT recipients treated with MP, sotrovimab or
NR and diagnosed with COVID-19 during the Omi-
cron surge period (67% of whom were KTRs) had lower
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hospitalization and mortality rates compared with
untreated patients [16]. This report suggested that there
is a significant benefit to antiviral treatment in KTRs with
COVID-19, even in the Omicron stage. Although MP
has also been reported to contribute to the prevention
of post-hospitalization worsening in the Omicron vari-
ant phase of COVID-19 [32], few reports have described
the benefit of MP for COVID-19 in KTRs. Therefore, the
efficacy and safety of MP for COVID-19 in KTRs remains
to be investigated. In the aforementioned report by Rad-
cliffe et al., the hospitalization rate for untreated patients
with COVID-19 after kidney transplantation was 27%,
compared with a rate of 16% for patients treated with MP
[16]. In addition, Poznanski et al. reported that the hospi-
talization rate for KTRs with COVID-19 treated with MP
was low (12.5%), and no serious side effects or drug inter-
actions with immunosuppressive agents were observed
[10]. In our present study, the hospitalization rate for
KTRs with COVID-19 treated with MP was 16%, and no
serious adverse events were observed, findings that were
as favorable as those in the aforementioned reports.

On the other hand, another leading oral drug, NR, has
been reported to significantly reduce the risk of hospi-
talization and death compared with MP [6]. A phase 2/3
double-blind, randomized, controlled trial demonstrated
that the risk of progression to severe COVID-19 was
89% lower with NR than with placebo for symptomatic
COVID-19, and this result compared favorably with the
efficacy of MP [33]. However, nirmatorelvir is a substrate
for the P-glycoprotein and CYP3A4 enzymes, and rito-
navir is primarily a substrate for the CYP2D6 enzyme as
well as CYP3A4, so interactions with many drugs, includ-
ing immunosuppressants, are a major concern [6, 34].
Although some reports suggest the safety and efficacy of
NR in COVID-19 in KTRs, it is essential to implement
protocols that adjust for the use of immunosuppressive
agents to avoid adverse events due to drug interactions
[35]. Based on the above findings, we speculate that the
antiviral treatment with MP in only mild cases may have
been reasonable in terms of efficacy and avoiding the risk
of drug-drug interactions in our present study.

RDV was originally developed as a treatment for Ebola
virus infection and its efficacy against COVID-19 has
been widely reported. A randomized controlled trial of
patients with COVID-19 who required hospitalization
in Europe, the U.S., and Asia found a reduction in time
to clinical improvement from 15 days in the placebo-
treated group to 10 days in the RDV group [36]. It has
also been reported that early 3-day treatment with RDV
in non-hospitalized patients with COVID-19 who were at
risk for severe disease reduced the risk of hospitalization
and death by 87% [30]. Several reports have described
the efficacy and safety of RDV for KTRs with COVID-
19 [9, 37, 38]. Elec et al. reported that ICU mortality was
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significantly reduced with the use of RDV, and it seemed
to have no apparent nephrotoxicity in KTRs [9]. In addi-
tion, Solera et al. reported that early RDV administra-
tion prevented severe disease due to COVID-19 in SOT
recipients (41.7% of whom were KTRs) in Omicron-dom-
inant periods [38]. In our present study, RDV was used
in patients with moderate or worse severity, and the effi-
cacy rate was 87%, the ICU admission rate was 2%, and
the mortality rate was 0%, which is considered to be as
favorable as in previous reports. Besides, RDV is also an
inhibitor of CYP3A and is a substrate for P-glycoprotein,
so care must be taken to avoid interactions with many
drugs, including immunosuppressive agents [39]. We
have previously reported drug interactions between RDV
and tacrolimus in KTRs with COVID-19, suggesting that
blood concentrations of tacrolimus should be monitored
and the dose carefully adjusted when administered in
combination with RDV [40]. In light of that report, we
specified that patients using RDV in this study were to be
treated as inpatients and their blood concentrations care-
fully monitored to avoid serious adverse events. Overall,
the efficacy and safety of antiviral treatment with MP and
RDV for COVID-19 in KTRs during Omicron subvari-
ant-dominant periods was suggested in this study. Since
there are still several problems to be solved, including the
selection of appropriate antiviral drugs, the development
of new antiviral drugs, and drug interactions with immu-
nosuppressants, it is essential to continue to accumulate
more cases and conduct further research.

Vaccination against SARS-CoV-2 is also important
with respect to the control of COVID-19 severity. Sev-
eral previous reports have shown low rates of antibody
acquisition and antibody production capacity from vac-
cination in KTRs [3, 41]. However, Fujieda et al. recently
reported that three doses of the SARS-CoV-2 vaccine sig-
nificantly increased antibody acquisition by 71% in KTRs,
suggesting the importance of additional doses in KTRs
[42]. The cohort of KTRs with COVID-19 in the current
study had a high overall vaccination rate, with more than
90% of patients receiving 3 or more doses of the vaccine.
In addition, there was no difference in vaccination status
between the mild/moderate group and the severe/criti-
cal group. Favorable vaccination status may be one of the
reasons why there were no deaths in our study and not as
many severe cases as in previous reports.

In terms of risk factors for COVID-19 severity, results
of previous studies have shown that older age, obesity,
DM and kidney dysfunction are major risk factors for
worsening or severe COVID-19 [43]. Based on previous
reports, the higher median age and higher rates of DM
and overweight/obesity in the severe/critical group were
also reasonable findings in our present study. Therefore,
in KTRs who have known risk factors for severe COVID-
19, such as older age, DM, and obesity, early therapeutic
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intervention and careful follow-up are necessary, even
in mild cases. In this study, there was a tendency for
baseline eGFR to be lower in the severe/critical group
compared to the mild/moderate group, although the dif-
ference was not significant. Moreover, Sato et al. recently
investigated whether kidney dysfunction on admission
is associated with subsequent severe COVID-19 and
increased acute-phase mortality [44]. They reported that
kidney dysfunction on admission was significantly asso-
ciated with the frequency of primary endpoints such as
in-hospital death, mechanical ventilation use, and ICU
admission [44]. Based on those findings, we believe that
efforts to maintain transplant kidney function in daily
clinical practice may lead to reducing the severity of
COVID-19 infection. On the other hand, SARS-CoV-2
is constantly mutating, and it is therefore considered
important to investigate the assessment of risk factors for
severe disease at each outbreak. It is interesting to note
that in our present study, longer time from symptom
onset to initial antiviral treatment was identified as an
independent risk factor for severe COVID-19. Recently,
Alonso-Navarro et al. reported that early administra-
tion of RDV from symptom onset might reduce the risk
of ICU admission in patients with COVID-19 requiring
hospitalization [45]. Furthermore, Bruno et al. reported
that in patients with COVID-19, 77% of whom were
treated with MP, early use of oral antivirals improved
COVID-19 outcomes in subjects at high risk of disease
progression [46]. These previous reports support the
findings of the current study, which suggest that early
antiviral treatment may be an important factor in reduc-
ing the risk of severe disease. To the best of our knowl-
edge, no previous reports have suggested that prolonged
time from symptom onset to initial antiviral treatment
might be a risk factor for severe COVID-19 in KTRs dur-
ing the Omicron subvariant-dominant periods, which
suggests that our results may be significant. Based on
these findings, we believe that it is important to educate
not only healthcare providers, but also KTRs themselves
in their daily practices, about the importance of initiat-
ing antiviral treatment as early as possible after the onset
of symptoms of suspected COVID-19, so that there is no
delay in the initial therapeutic response.

Limitations of the present study include the small
cohort size, the short follow-up period, and the fact that
it was a retrospective study. Perhaps in part because of
this, the known risk factors for severe disease, such as
older age, male sex, DM, and overweight/obesity, were
not identified as independent risk factors for severe
COVID-19 in the multivariate analysis. It is speculated
that the use of MMF, which has been suggested to be a
risk factor for severe COVID-19 in KTRs, did not yield
significant results in the current study for the same rea-
son. In addition, longer follow-up is needed to assess the
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effects of COVID-19 and antivirals on renal function and
late complications. Furthermore, as mentioned above, a
limitation of this study is that there is no scientific evi-
dence to support switching from MMF to EVR, and sev-
eral concerns remains unresolved. Further long-term
accumulation of cases and research is needed to clarify
appropriate antiviral treatment, optimal immunosup-
pressant adjustment, risk factors for severity, and compli-
cations in KTRs with COVID-19.

Conclusion

The results of this retrospective study suggest that a lon-
ger time from symptom onset to initial antiviral treat-
ment is a risk factor for severe COVID-19 in KTRs. It
was also suggested that in addition to managing known
risk factors, such as older age and DM, initiating antivi-
ral treatment as early as possible might be important in
preventing severe COVID-19 in KTRs. Because of the
small cohort size and short study period of this study, we
are extending the study period and accumulating cases to
evaluate the long-term prognosis (e.g., long-term effects
on transplanted kidney function, late complications)
of KTRs with COVID-19. Also, the appropriate adjust-
ment of immunosuppressive agents, such as MMF to
EVR conversion and optimal steroid use, is not yet clear.
Therefore, we are planning clinical and basic research
studies to identify optimal immunosuppressive regimens
in KTRs with COVID-19. Further studies are needed to
identify appropriate treatment, including optimal immu-
nosuppressant adjustment, for the constantly mutating
SARS-CoV-2 and to identify additional risk factors for
severe COVID-19 in KTRs.
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mTOR mammialian target of rapamycin
OR odds ratio

cl confidence interval

Acknowledgements

We would like to thank Dr. Hiroaki Nishimura (Department of Urology,
Imamura General Hospital, Kagoshima, Japan) for his assistance in the
treatment of COVID-19 in KTRs.



Sakaguchi et al. BMC Nephrology (2024) 25:124

Author contributions

T.S. wrote the main manuscript text and prepared Figs. 1, 2 and 3. AM. and
Y.Y. gave critical suggestions for this study. Y.O, H.T, RO, KT, YH, S, JA,
WF,S.S., S.I, RM., HY. and S.T. contributed for data collection. H.E worked as a
corresponding author. All authors reviewed the manuscript.

Funding
Not applicable.

Data availability
The datasets obtained during and/or analyzed during the current study are
available from the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

All procedures performed in this study involving human participants

were in accordance with the ethical standards of the institutional and/

or national research committee and with the Declaration of Helsinki. We
obtained informed consent from all subjects and/or their legal guardians. All
experimental protocols and informed consent documents were reviewed
and approved by the ethics committee and the institutional review boards of
Kagoshima University Hospital (No. 230072).

Competing interests
The authors declare no competing interests.

Consent for publication
Not Applicable.

Author details

'Department of Urology, Graduate School of Medical and Dental
Sciences, Kagoshima University, 8-35-1 Sakuragaoka,

890-8520 Kagoshima, Japan

Received: 26 December 2023 / Accepted: 26 March 2024
Published online: 08 April 2024

References

1. Council E-E, Group EW. Chronic kidney disease is a key risk factor for
severe COVID-19: a call to action by the ERA-EDTA. Nephrol Dial Transpl.
2021,36(1):87-94.

2. AzziY,Bartash R, Scalea J, Loarte-Campos P, Akalin E. COVID-19 and solid
organ transplantation: a review article. Transplantation. 2021;105(1):37-55.

3. Kamar N, Abravanel F, Marion O, Couat C, Izopet J, Del Bello A. Three doses of

an mRNA Covid-19 vaccine in solid-organ transplant recipients. N Engl J Med.

2021,385(7):661-2.

4. Menni C, Valdes AM, Polidori L, Antonelli M, Penamakuri S, Nogal A, Louca P,
May A, Figueiredo JC, Hu C, et al. Symptom prevalence, duration, and risk of
hospital admission in individuals infected with SARS-CoV-2 during periods
of omicron and delta variant dominance: a prospective observational study
from the ZOE COVID Study. Lancet. 2022;399(10335):1618-24.

5. Jayk Bernal A, Gomes da Silva MM, Musungaie DB, Kovalchuk E, Gonzalez A,
Delos Reyes V, Martin-Quirds A, Caraco Y, Williams-Diaz A, Brown ML, et al.
Molnupiravir for oral treatment of Covid-19 in nonhospitalized patients. N
Engl J Med. 2022;386(6):509-20.

6.  Saravolatz LD, Depcinski S, Sharma M. Molnupiravir and nirmatrelvir-
ritonavir: oral coronavirus disease 2019 antiviral drugs. Clin Infect Dis.
2023;76(1):165-71.

7. Grein J,OhmagariN, Shin D, Diaz G, Asperges E, Castagna A, Feldt T, Green
G, Green ML, Lescure FX; et al. Compassionate use of remdesivir for patients
with severe Covid-19. N Engl J Med. 2020,382(24):2327-36.

8. Elec AD, Oltean M, Goldis P, Cismaru C, Lupse M, Muntean A, Elec FI. COVID-
19 after kidney transplantation: early outcomes and renal function following
antiviral treatment. Int J Infect Dis. 2021;104:426-32.

9. Elec F, Magnusson J, Elec A, Muntean A, Antal O, Moisoiu T, Cismaru C, Lupse
M, Oltean M. COVID-19 and kidney transplantation: the impact of remdesivir

on renal function and outcome - a retrospective cohort study. Int J Infect Dis.

2022;118:247-53.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Page 11 of 12

Poznaniski P, Augustyniak-Bartosik H, Magiera-Zak A, Skalec K, Jakuszko K,
Mazanowska O, Janczak D, Krajewska M, Kaminska D. Molnupiravir when
used alone seems to be safe and effective as outpatient COVID-19 therapy
for hemodialyzed patients and kidney transplant recipients. Viruses.
2022;14(10):2224.

Villamarin M, Marquez-Algaba E, Esperalba J, Perellé M, Los Arcos |, Campany
D, Moreso F, Len O. Preliminary clinical experience of molnupiravir to prevent
progression of COVID-19 in kidney transplant recipients. Transplantation.
2022;106(11):2200-4.

Sakurai A, Sasaki T, Kato S, Hayashi M, Tsuzuki Sl, Ishihara T, Iwata M, Morise Z,
Doi Y. Natural history of asymptomatic SARS-CoV-2 infection. N Engl J Med.
2020,383(9):885-6.

Modelli de Andrade LG, de Sandes-Freitas TV, Requido-Moura LR, Viana

LA, Cristelli MP. Garcia VD, Alcantara ALC, Esmeraldo RM, Abbud Filho M,
Pacheco-Silva A, et al. Development and validation of a simple web-based
tool for early prediction of COVID-19-associated death in kidney transplant
recipients. Am J Transpl. 2022,22(2):610-25.

Terada M, Ohtsu H, Saito S, Hayakawa K, Tsuzuki S, Asai Y, Matsunaga N, Kut-
suna S, Sugiura W, Ohmagari N. Risk factors for severity on admission and the
disease progression during hospitalisation in a large cohort of patients with
COVID-19 in Japan. BMJ Open. 2021;11(6):047007.

Wong G, Rowlandson M, Sabanayagam D, Ginn AN, Kable K, Sciberras F, Au E,
Draper J, Arnott A, Sintchenko V, et al. COVID-19 infection with the Omicron
SARS-CoV-2 variant in a cohort of kidney and kidney pancreas transplant
recipients: clinical features, risk factors, and outcomes. Transplantation.
2022;106(9):1860-6.

Radcliffe C, Palacios CF, Azar MM, Cohen E, Malinis M. Real-world experience
with available, outpatient COVID-19 therapies in solid organ transplant
recipients during the omicron surge. Am J Transpl. 2022;22(10):2458-63.
Raja MA, Mendoza MA, Villavicencio A, Anjan S, Reynolds JM, Kittipibul V,
Fernandez A, Guerra G, Camargo JF, Simkins J, et al. COVID-19 in solid organ
transplant recipients: a systematic review and meta-analysis of current litera-
ture. Transpl Rev (Orlando). 2021;35(1):100588.

Nevejan L, Ombelet S, Laenen L, Keyaerts E, Demuyser T, Seyler L, Soetens O,
Van Nedervelde E, Naesens R, Geysels D, et al. Severity of COVID-19 among
hospitalized patients: Omicron remains a severe threat for immunocompro-
mised hosts. Viruses. 2022;14(12):2736.

Richardson S, Hirsch JS, Narasimhan M, Crawford JM, McGinn T, Davidson KW,
the Northwell C-RC, Barnaby DP, Becker LB, Chelico JD, et al. Presenting char-
acteristics, comorbidities, and outcomes among 5700 patients hospitalized
with COVID-19 in the New York City area. JAMA. 2020,323(20):2052-9.

Finelli C, Parisi S. The clinical impact of COVID-19 epidemic in the hemato-
logic setting. Adv Biol Regul. 2020;77:100742.

Zheng Y, Li R, Liu S. Immunoregulation with mTOR inhibitors to prevent
COVID-19 severity: a novel intervention strategy beyond vaccines and spe-
cific antiviral medicines. J Med Virol. 2020;92(9):1495-500.

Appelberg S, Gupta S, Svensson Akusjérvi S, Ambikan AT, Mikaeloff F, Saccon
E, Végvari A, Benfeitas R, Sperk M, Stahlberg M, et al. Dysregulation in Akt/
mTOR/HIF-1 signaling identified by proteo-transcriptomics of SARS-CoV-2
infected cells. Emerg Microbes Infect. 2020,9(1):1748-60.

Khan N, mTOR. A possible therapeutic target against SARS-CoV-2 infection.
Arch Stem Cell Ther. 2021:2(1):5-7.

Lopez-Vilella R, Sanchez-Lazaro |, Trenado VD, Edo SL, Dolz LM, Bonet LA.
COVID-19 and heart transplantation. Initial experience in a tertiary hospital.
Transplant Proc. 2021;53(9):2743-6.

Colmenero J, Rodriguez-Perélvarez M, Salcedo M, Arias-Milla A, Mufioz-
Serrano A, Graus J, Nurio J, Gastaca M, Bustamante-Schneider J, Cachero A,
et al. Epidemiological pattern, incidence, and outcomes of COVID-19 in liver
transplant patients. J Hepatol. 2021;74(1):148-55.

Kijima Y, Shimizu T, Kato S, Kano K, Horiuchi T, Nozaki T, Omoto K, Inui M,
Toma H, lida S et al. Case report of COVID-19 infection after kidney transplant
treated with casirivimab-imdevimab and mycophenolate mofetil changed to
everolimus. Transplant Proc. 2022;54(6):1561-3.

Kirchner Gl, Meier-Wiedenbach I, Manns MP. Clinical pharmacokinetics of
everolimus. Clin Pharmacokinet. 2004;43(2):83-95.

Klawitter J, Nashan B, Christians U. Everolimus and sirolimus in transplanta-
tion-related but different. Expert Opin Drug Saf. 2015;14(7):1055-70.
Angelico R, Blasi F, Manzia TM, Toti L, Tisone G, Cacciola R. The manage-
ment of Immunosuppression in kidney transplant recipients with COVID-19
disease: an update and systematic review of the literature. Med (Kaunas).
2021;57(5):435.



Sakaguchi et al. BMC Nephrology

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

(2024) 25:124

Gottlieb RL, Vaca CE, Paredes R, Mera J, Webb BJ, Perez G, Oguchi G, Ryan P,
Nielsen BU, Brown M, et al. Early remdesivir to prevent progression to severe
Covid-19in outpatients. N Engl J Med. 2022,386(4):305-15.

Moromizato T, Sakaniwa R, Tokuda Y, Taniguchi K, Shibuya K. Intravenous
methylprednisolone pulse therapy and the risk of in-hospital mortality
among acute COVID-19 patients: Nationwide clinical cohort study. Crit Care.
2023;27(1):53.

SuzukiY, Shibata Y, Minemura H, Nikaido T, Tanino Y, Fukuhara A, Kanno

R, Saito H, Suzuki S, Inokoshi Y, et al. Real-world clinical outcomes of
treatment with molnupiravir for patients with mild-to-moderate corona-
virus disease 2019 during the Omicron variant pandemic. Clin Exp Med.
2023,23(6):2715-23.

Hammond J, Leister-Tebbe H, Gardner A, Abreu P, Bao W, Wisemandle W,
Baniecki M, Hendrick VM, Damle B, Simén-Campos A, et al. Oral nirma-

trelvir for high-risk, nonhospitalized sdults with Covid-19. N Engl J Med.
2022,386(15):1397-408.

Fishbane S, Hirsch JS, Nair V. Special considerations for paxlovid treatment
among transplant recipients with SARS-CoV-2 infection. Am J Kidney Dis.
2022,79(4):480-2.

Devresse A, Sébastien B, De Greef J, Lemaitre F, Boland L, Haufroid V, Scohy A,
Kabamba B, Yombi JC, Belkhir L, et al. Safety, efficacy, and relapse of nirmatrel-
vir-ritonavir in kidney transplant recipients infected with SARS-CoV-2. Kidney
Int Rep. 2022;7(11):2356-63.

Beigel JH, Tomashek KM, Dodd LE, Mehta AK, Zingman BS, Kalil AC, Hohmann
E, Chu HY, Luetkemeyer A, Kline S, et al. Remdesivir for the treatment of
Covid-19 - final report. N Engl J Med. 2020;383(19):1813-26.

Buxeda A, Arias-Cabrales C, Pérez-Saez MJ, Cacho J, Cabello Pelegrin S, Melilli
E, Aladrén MJ, Galeano C, Lorenzo |, Mazuecos A, et al. Use and safety of
remdesivir in kidney transplant recipients with COVID-19. Kidney Int Rep.
2021,6(9):2305-15.

Solera JT, Arbol BG, Bahinskaya |, Marks N, Humar A, Kumar D. Short-course
early outpatient remdesivir prevents severe disease due to COVID-19in
organ transplant recipients during the omicron BA.2 wave. Am J Transpl.
2023,23(1):78-83.

Leegwater E, Strik A, Wilms EB, Bosma LBE, Burger DM, Ottens TH, van
Nieuwkoop C. Drug-induced liver injury in a patient with coronavirus disease

40.

41.

42.

43.

45.

46.

Page 12 of 12

2019: potential interaction of remdesivir with P-glycoprotein inhibitors. Clin
Infect Dis. 2021;72(7):1256-8.

Kanazawa N, Terazono H, Shigemi A, Mitsuke A, Nishimura H, Tatarano S,
Yamada Y, Enokida H, Takeda Y. Case reports: increase in blood concentration
of tacrolimus in patients with renal transplantation under COVID-19 treat-
ment. Jpn J Pharm Health Care Sci. 2022;48(2):106-11.

Mazzola A, Todesco E, Drouin S, Hazan F, Marot S, Thabut D, Varnous S, Soulié
C, Barrou B, Marcelin AG, et al. Poor antibody response after two doses of
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) vaccine in
transplant recipients. Clin Infect Dis. 2022;74(6):1093-6.

Fujieda K, Tanaka A, Kikuchi R, Takai N, Saito S, Yasuda Y, Fujita T, Kato M,
Furuhashi K, Maruyama S. Assessment of antibody-titer changes after second
and third severe acute respiratory syndrome coronavirus 2 mRNA vaccination
in Japanese post-kidney-transplant patients. Vaccines (Basel). 2023;11(1):134.
Zhou F,YuT, Du R, Fan G, Liu Y, Liu Z, Xiang J, Wang Y, Song B, Gu X,

et al. Clinical course and risk factors for mortality of adult inpatients

with COVID-19 in Wuhan, China: a retrospective cohort study. Lancet.
2020;395(10229):1054-62.

Sato R, Matsuzawa Y, Ogawa H, Kimura K, Tsuboi N, Yokoo T, Okada H, Konishi
M, Kirigaya J, Fukui K, et al. Chronic kidney disease and clinical outcomes in
patients with COVID-19 in Japan. Clin Exp Nephrol. 2022;26(10):974-81.
Alonso-Navarro R, Ramirez M, Masia M, Paredes R, Montejano R, Povar-
Echeverria M, Carratala J, Salavert M, Bernal E, Duefas C, et al. Time from
symptoms onset to remdesivir is associated with the risk of ICU admission: a
multicentric analyses. BMC Infect Dis. 2023;23(1):286.

Bruno G, Giotta M, Perelli S, De Vita G, Bartolomeo N, Buccoliero GB. Early
access to oral antivirals in high-risk outpatients: good weapons to fight
COVID-19.Viruses. 2022;14(11):2514.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Assessing antiviral treatment efficacy and risk factors for severe COVID-19 in kidney transplant recipients during the Omicron subvariant-dominant period: a retrospective study
	﻿Abstract
	﻿Background
	﻿Patients and methods
	﻿Patient selection
	﻿Patient management
	﻿Data collection
	﻿Statistical analyses

	﻿Results
	﻿Patient characteristics
	﻿Treatment details and outcomes
	﻿Outcomes by antiviral drug
	﻿Evaluation of risk factors for disease severity in KTRs with COVID-19
	﻿A longer time from symptom onset to initial antiviral treatment is an independent risk factor for severe COVID-19 in KTRs

	﻿Discussion
	﻿Conclusion
	﻿References


