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Abstract

Background: The aim of our analysis was to evaluate the impact of the COVID-19 pandemic on the procurement program and
kidney transplantation in Slovakia and to identify the risk factors for a severe course of COVID-19 disease, as well as the risk
factors for COVID-19 fatalities, with focus on the parameters preceding the infection. Methods: 305 KTRs (68.8% males) with
confirmed SARS-CoV-2 positivity were included in the multicentric retrospective analysis. Results: The procurement program
and kidney transplants in Slovakia dropped in the observed period by 28.6% (P<0.0001) and by 33.5% (P<0.0001) respectively.
Age over 59 years (OR=1.03, P=0.0088) and diabetes mellitus (OR=2.04, P=0.0106) were identified as independent risk factors
for severe course of the disease. Risk factors for death were age over 59 years (OR=1.05, P=0.0003) and graft dysfunction
with CKD-EPI<0.5 mL/s (OR=4.87, P=0.0029). The prevalence of the alpha variant in Slovakia was associated with a severe
course in KTRs treated with corticoids (OR=5.72, P=0.0273) and in graft dysfunction with CKD-EPI<0.5 mL/s (OR=2.94,
P=0.0076); the risk of death was higher in KTRs over 59 years (OR=1.07, P=0.0173) and again with CKD-EPI<0.5 mL/s
(OR=4.42, P=0.0393). KTRs had a 3.7 times lower risk of infection compared to hemodialysis patients (14% vs 52%, P<0.0001),
with mortality of 9.8% vs 30% (P<0.0001). Conclusion: The procurement and transplant program is sustainable even during
a pandemic, provided that measures are set up quickly. Morbidity and mortality from COVID-19 in KTRs was comparable to
the situation in EU countries.
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The aim of our analysis was to evaluate the impact of the COVID-19 pandemic on the donor program and
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ABSTRACT

Background: The aim of our analysis was to evaluate the impact of the COVID-19 pandemic on the
procurement program and kidney transplantation in Slovakia and to identify the risk factors for a severe
course of COVID-19 disease, as well as the risk factors for COVID-19 fatalities, with focus on the parameters
preceding the infection.

Methods: 305 KTRs (68.8% males) with confirmed SARS-CoV-2 positivity were included in the multicentric
retrospective analysis.

Results: The procurement program and kidney transplants in Slovakia dropped in the observed period
by 28.6% (P<0.0001) and by 33.5% (P<0.0001) respectively. Age over 59 years (OR=1.03, P=0.0088) and
diabetes mellitus (OR=2.04, P=0.0106) were identified as independent risk factors for severe course of the
disease. Risk factors for death were age over 59 years (OR=1.05, P=0.0003) and graft dysfunction with
CKD-EPI<0.5 mL/s (OR=4.87, P=0.0029). The prevalence of the alpha variant in Slovakia was associated
with a severe course in KTRs treated with corticoids (OR=5.72, P=0.0273) and in graft dysfunction with
CKD-EPI<0.5 mL/s (OR=2.94, P=0.0076); the risk of death was higher in KTRs over 59 years (OR=1.07,
P=0.0173) and again with CKD-EPI<0.5 mL/s (OR=4.42, P=0.0393). KTRs had a 3.7 times lower risk
of infection compared to hemodialysis patients (14% vs 52%, P<0.0001), with mortality of 9.8%vs 30%
(P<0.0001).

Conclusion: The procurement and transplant program is sustainable even during a pandemic, provided
that measures are set up quickly. Morbidity and mortality from COVID-19 in KTRs was comparable to the
situation in EU countries.

KEYWORDS

COVID-19, Kidney Transplantation, Dialysis, Immunosuppresion, Steroid, Obesity, Diabetes Mellitus

ABBREVIATIONS

ACE-I, angiotensin-converting enzyme inhibitor

BMI, body mass index

CKD, chronic kidney disease

CKD-EPI, chronic kidney disease epidemiology collaboration

COVID-19, coronavirus disease 2019

CNI, calcineurin inhibitor
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DBD, donation after brain death

ERACODA, the European Renal Association COVID-19 Database

ERA-EDTA, the European Renal Association

EuClid5, Nephrocare European Clinical Database

EU, European Union

eGFR, estimated glomerular filtration rate

HD, hemodialysis

IV, intravenously

KTRs, kidney transplant recipients

LKD, living kidney donor

MMF, mycophenolate mofetil

MPA, mycophenolic acid

mTOR-I, inhibitor of mammalian target of rapamycine

RT PCR, real-time polymerase chain reaction

SARS-CoV-2, severe acute respiratory syndrome coronavirus-2

TAC, tacrolimus

vs , versus

INTRODUCTION

Since the initial outbreak in Wuhan, China, in December 2019, the Coronavirus Disease 2019 (COVID-19)
has spread across the world, prompting a global pandemic. The disease caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) was seen as a pulmonary and infectious problem (1).

The other conditions initially identified as risk factors for a severe course of COVID-19 were cardiovascular
disease, diabetes, and hypertension. Only later in the process came the realization that kidney disease is a
leading risk factor for death. Ultimately, it appeared that the population of patients with chronic kidney
disease (CKD), especially those treated with dialysis or transplantation, is one of the highest-risk groups
for hospitalization and death (2, 3, 4). Dialysis and transplant patients represent a vulnerable population
as all of them suffer from multiple pre-existing medical conditions. COVID-19 causes substantial mortality
in both dialysis and kidney transplant population due to their underlying chronic kidney disease and a high
prevalence of comorbid conditions such as hypertension, diabetes mellitus, and cardiovascular disease (5, 6).
Immunosuppressive treatment is also a precondition for a more severe course of the disease. However, the
potential effect of its long-term use is a matter of debate (7, 8). Some argue that the transplant patients
might be at a higher risk of severe infection resulting from their impaired immune system, while others
speculate that immunosuppressive therapy might be protective as it could address the COVID-19 induced
cytokine storm (9, 10, 11, 12, 13).

Large European data became available later, after the first wave. Recent data show that CKD patients are at
a higher risk than those with other known risk factors, including chronic heart and lung disease. According
to the European Renal Association COVID-19 registry which included 4,298 kidney failure patients, 28-day
mortality was 20% in 3,285 patients receiving dialysis and 19.9% in 1,013 recipients of a transplant (7). The
ERACODA database (1,073 patients) reported a 28-day case fatality rate of 25% in 768 dialysis patients
and 21.3% in 305 kidney transplant recipients during the first wave (5). Other reports based on regional or

4
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national registries have also suggested lower mortality in kidney transplant patients than in hemodialysis
patients (14, 15).

COVID-19 reported case fatality rates vary greatly between countries owing to differences in public health
policy, case ascertainment, and testing capacity. During the pandemic, a substantial number of patients
died while waitlisted, due to dramatic reductions in organ donation and transplantation, reaching as high
as 80% in some countries of the European Union (4, 16). The early days of the pandemic came with plenty
of unknowns affecting the healthcare community’s ability to prepare for and perform transplants. At the
beginning, hospitals were limiting surgical procedures to emergencies only in an effort to free up staff for
COVID-19 patients and to preserve scarce resources such as personal protective equipment. Testing capacity
was also limited. Additionally, there was an effort to avoid the risk of further infections which could arise
from admitting more patients into hospitals than necessary. Transplants from deceased donors were limited
to urgent situations only; while living donation programs were suspended amid the lockdown and fear of
infection. However, it was shown that during the outbreak, the risk of being infected by SARS-CoV-2 was
more than 4 times lower for kidney transplant recipients than for hemodialysis patients, mainly because
transplant patients can be managed at home, while hemodialysis still mostly takes place in hospital settings
(4, 17). In-center hemodialysis patients were at a higher risk for COVID-19 related mortality, independently
from the known risk factors such as obesity, ischemic heart disease and lung disease (2). Data from Spain
and Italy have shown a 30% mortality of dialysis patients (18, 19). Recently published French data showed
that the 30-day Covid-19-related mortality was significantly higher in kidney transplant recipients (KTRs)
compared to non-transplant patients (17.9% vs 1.4%, P=0.038) (20).

Short summary of the impact of the COVID-19 pandemic on donation and kidney transplant program in
Slovakia:

The first patient to test positive for SARS-CoV-2 virus in Slovakia was reported on 6.3.2020. It was a 52-
year-old healthy man with a mild course of the disease. The last DBD (donation after brain death) donor
and transplantation of two kidneys and one liver before the state of emergency was declared (15.3.2020)
were performed on 11.3.2020. Twelve days later, measures were taken to limit the transplant program to
urgent life-saving procedures (heart, liver), and kidney transplants from living and deceased donors were
stopped. Due to the favorable development of the pandemic in Slovakia, kidney transplants from living
and deceased donors were resumed since 14.4.2020, the transplant program was cleared for all procedures,
provided that donors were RT-PCR tested and strict epidemiological measures were observed. During the
summer months, procurement and transplantation activity intensified to the average level of 2019, which was
the most successful year in the number of organ transplants in the history of Slovakia. All of the postponed
kidney transplants from living donors were performed. The second wave of the COVID-19 crisis began in
September 2020. For the purposes of our analysis, the COVID-19 morbidity/mortality in the group of patients
after kidney transplantation was divided in two phases: the first phase of the second wave (hereinafter ”first
period”) from 1.9.2020 to 31.12.2020, and the second phase of the second wave, connected with proliferation of
the alpha variant as confirmed by sequencing (hereinafter referred to as the ”second period”) from 1.1.2021 to
31.3.2021, when the data collection for this analysis was concluded. While all four Slovak kidney transplant
centers (the University Hospital in Bratislava, Banská Bystrica, Martin and Košice) proceeded uniformly
during the first wave of COVID-19, during the second wave, when the new precautionary measures were
enacted in an effort to avoid stopping the transplant program, the individual transplant centers proceeded
according to their individual possibilities, taking into account the regional epidemic situation.

We present our experience with the development and impact of COVID-19 pandemic on patients after kidney
transplantation in Slovakia. We focused on morbidity and mortality during the two waves of the COVID-
19 crisis and tried to identify the risk factors for developing a severe course of the disease in KTRs. We
compared morbidity and mortality of KTRs with the hemodialysis population.

MATERIALS AND METHODS

In a retrospective multicentric analysis, we included SARS-CoV-2 positively tested patients after kidney

5
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transplantation monitored in all four transplant centers in Slovakia – the University Hospital in Bratislava,
Banská Bystrica, Martin, and Košice. The data were collected for the period from March 6, 2020 to March
31, 2021. Positivity was confirmed by real-time polymerase chain reaction (RT-PCR) test. We recorded age,
time (months) after transplantation, diabetes mellitus and arterial hypertension history, BMI (body mass
index) and graft function at the time of the test positivity, and telephone consultation with the transplant
center by the patient or the treating physician from the hospital where the infected patient was admitted
in relation to COVID-19 and its treatment. We evaluated the type and doses/levels of immunosuppression
and treatment with angiotensin-converting enzyme inhibitors (ACE-I) at the time of the test positivity.

The group of patients was divided into three subgroups according to the COVID-19 pandemic period:

Subgroup 1: the first wave of COVID-19 crisis (March 6, 2020 – August 31, 2020).

Subgroup 2: the first period of the second wave (September 1, 2020 – December 31, 2020).

Subgroup 3: the second period of the second wave – prevalence of the alpha variant of SARS-CoV-2 as
confirmed by sample sequencing (January 1, 2021 – March 31, 2021).

Further division based on the clinical course of the disease was into asymptomatic or moderate course –
patients were treated at home; and severe course requiring hospitalization.

For the purposes of the analysis, the doses were unified and mycophenolic acid (MPA) was recalculated
to mycophenolate mofetil (MMF). Similar approach was used in recalculation of methylprednisolone to
prednisolone.

To compare the mortality rate to that of the hemodialysis patients, we employed information from 34 dialysis
clinics reporting data to Nephrocare European Clinical Database (EuClid5).

Immunosuppression:

Immunosuppressive treatment of the patients consisted of cyclosporine (n=33 patients, 10.8%) or tacrolimus
(n=261, 85.6%); mycophenolate mofetil/mycophenolic acid (n=272, 89.2%) and prednisone (n=266, 87.2%).
Cyclosporine was administered at a starting dose of 6–8 mg/kg per day (twice daily) for the first 24 hours
after transplantation, with a later dosage adjustment to maintain the following blood concentration levels:
200–400 ng/ml in month 1, 200–300 ng/ml in months 2–3, 150–250 ng/ml in months 4–6, and 100–200
ng/ml in months 6–12. Tacrolimus was administered for the first 1–2 days after transplantation at a dose
of 0.2 mg/kg per day, aiming to target whole blood concentration at 10 to 15 ng/ml in month 1, 7 to 10
ng/ml in months 2–3, 6 to 8 ng/ml in months 4–6, and 5 to 7 ng/ml in months 6–12. Mycophenolate
mofetil/mycophenolic acid was given at an induction dose of 2000 mg/1440 mg per day and a maintenance
dose of 1000–2000 mg/760–1440 mg per day, later reduced according to the immunology risk status of the
patient. The initial dose of 500 mg of 6-methylprednisolone was administered intra-operatively intravenously
(IV), then 250–500 mg IV 1 or 2 days post-transplant, followed by oral prednisolone acetate tapering to 20
mg during the first month after transplantation, then 10 mg during months 2–3, and later 5 to 2.5 mg per
day.

Cyclosporine A, sirolimus and azathioprine were used in a small group of patients with longer time since
transplant.

STATISTICAL ANALYSIS

We used a certified statistical program, MedCalc version 13.1.2. (VAT registration no. BE 0809 344 640,
Member of International Association of Statistical Computing, Ostend, Belgium), to perform statistical
analyses. Continuous data were compared using the Student’s t-test or the Wilcoxon rank-sum test as ap-
propriate. The χ2 test and Fisher’s exact test were used for categorical variables. Univariate and multivariate
logistic regressions were used to assess monitored parameters in order to predict the risk of severe course and
death. Statistically significant parameters assessed in the univariate analysis were entered in the multivariate

6
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model. Statistically significant parameters were also further analysed by the means of probit regression. We
considered the P-value of < 0.05 to be statistically significant.

ETHICAL APPROVAL

All procedures involving human participants have been approved according to the ethical standards of
the institutional research committee, including the 1964 Helsinki Declaration and its later amendments of
comparable ethical standards. Informed consent for participants included in the analysis was checked and
approved by the University Hospital’s and Jessenius Faculty of Medicine’s ethical committees and all the
signed informed consents are being archived for at least 20 years after conclusion of the research. The
reported clinical and research activities are consistent with the Principles of the Declaration of Istanbul as
outlined in the Declaration of Istanbul on Organ Trafficking and Transplant Tourism.

RESULTS

In the pandemic year 2020, the donation program in Slovakia dropped by 28.6% (P<0.0001) compared to
2019 which was the most successful year for organ transplants in the history of Slovakia. The number of
kidney transplantations decreased by 33.5% (P<0.0001), kidney transplantations from living donors were at
a comparable level (P=0.0767). Compared to 2018, kidney transplantations decreased by 10.3% (P=0.0001)
during the COVID-19 crisis in Slovakia (Figure 1).

A total of 305 patients (210 men, 68.8%) with confirmed SARS-CoV-2 positivity between March 6, 2020 and
March 31, 2021 were included in our analysis. Basic characteristics of the group are shown in Table 1. The
median age was 54 years (52.7 ± 12), the median body mass index was 29 kg/m2 (29.6 ± 18.3), 291 recipients
(95.4%) suffered from hypertension and 109 (35.7%) from diabetes mellitus. Patients who were longer after
the kidney transplantation became ill more frequently, with a median of 68 months (84.8 ± 64.3). Excellent
graft function (eGFR; CKD-EPI [?] 1.5 mL/s/1.73 m2) at the time of the first positive test was found in
27 cases (8.9%), 121 patients (39.7%) were in the second stage of chronic kidney disease (eGFR; CKD-EPI
1.49 – 1.0 mL/s/1.73 m2), 120 (39.3%) in the third stage (eGFR; CKD-EPI 0.99 – 0.5 mL/s/1.73 m2), and
37 (12.1%) with advanced graft dysfunction (eGFR; CKD-EPI < 0.5 mL/s/1.73 m2).

In the first wave of COVID-19 crisis only three positively tested patients (1%) for SARS-CoV-2 were identified
in Slovakia, the course of the disease was asymptomatic/moderate. During the second wave, the COVID-19
morbidity rose significantly, SARS-CoV-2 was identified in 302 KTRs (99%), of which, in the first period of
the second wave, it was 147 KTRs (48.2%), followed by 155 (50.8%) positively tested KTRs in the second
period of the second pandemic wave (Tab. 1).

Criteria for the asymptomatic/moderate course of the disease were met by 206 patients (67.5%), admission
to the hospital was indicated in 99 KTRs (32.5%) (Tab. 1). 192 positively tested patiens (63%) called the
transplant centers and consulted the symptoms and the treatment (Tab. 1), more frequently during the sec-
ond period of the second wave (54.9%vs 71.6%; P=0.0028), more commonly with asymptomatic/moderate
course of the disease (72.1% vs 46.9%); P<0.0001) (Tab. 2). In 92 hospitalized patients (92.9%), the
physicians from the hospitals/COVID-19 departments to which the patients were admitted consulted the
treatment with experienced nephrologists from the transplant centers, especially discontinuation of immuno-
suppressants, doses of steroids, and supportive antimicrobial treatment and prevention of thrombosis (Tab.
2). There were no deaths recorded during the first wave, thirty patients (9.8%) died during the second wave
of COVID-19 pandemic, there was no significant difference between both periods of the second wave (Tab.
1). Elderly patients were hospitalized more frequently (P=0.0059); for the whole set, in both univariate and
multivariate analysis (Tab. 3), the age over 59 years was a risk factor for a more severe course and death.
Another risk factor for hospitalization and death in the whole set, according to the univariate analysis, was
diabetes mellitus, while in the multivariate analysis (Tab. 3), diabetes mellitus was only associated with a
more severe course of the disease (OR [95% CI]: 2.0433 [1.1812-3.5346]; P=0.0106). Patients with advanced
graft dysfunction defined by eGFR < 0.5 mL/s (Tab. 3), OR [95% CI] had a worse prognosis associated with
the risk of death: 4.8668 [1.7182-13.7849]; P=0.0029). In contrast, better graft function was more common
in patients with a mild course (45.9% vs 27.6%, P=0.0028).
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We did not find any effect of arterial hypertension, BMI, time since transplantation, CNI, MMF/MPA,
mTOR-I and ACE-I on the incidence and clinical course of COVID-19 in KTRs during the first and second
waves of the pandemic (Tab. 2). At the time of finding of the infection, patients with a more severe course
and need for hospitalization (93.9 vs85.8; P=0.0419) were more frequently treated with corticosteroids at
a higher mean dose than the mild course group (7.3+-5.3 vs 5.9+-3.1; P=0.0056). While according to a
univariate analysis, a lower dose of prednisolone (<10mg) was a protective factor at the onset of infection,
the protective effect of low doses of corticosteroids was not confirmed by the multivariate analysis (Tab. 3).

We focused our interest in whether the proliferation of the alpha variant of the SARS-CoV-2 virus affected
the course and risk factors of COVID-19 in kidney transplant patients. By comparing subgroup 2 (09/2020
- 12/2020) and subgroup 3 (01/2021 - 03/2021), we did not find any significant differences in the screened
parameters depending on the period when patients became ill or tested positive for SARS-CoV-2 virus (Tab.
2, Tab. 4, Tab. 5).

Finally, we compared COVID-19 morbidity and mortality rates between KTRs and patients on hemodialysis
(HD). While among the patients after kidney transplantation, 14% tested positive, in the hemodialysis
cohort, there was up to 52% positivity (P<0.0001). Mortality among the infected kidney recipients was
9.8% vs 30% (P <0.0001) in HD patients. Of the total set of KTRs in dispensary, a total of 1.4% died in
Slovakia during the COVID-19 pandemic by the end of March 2021, while in the population of HD patients
it was up to 15.6% (P<0.0001).

DISCUSSION

Our analysis confirmed that the risk group for a severe course of COVID-19 infection, as well as for death, are
patients over 59 years, diabetes mellitus was found to be an independent risk factor for hospital admission.
Our data correspond with the conclusions of the ERACODA register in which a 28-day mortality was
primarily associated with elderly kidney transplant patients (5). An analysis by French authors comparing
the course of COVID-19 infection in patients after kidney transplantation with a non-transplant group also
confirmed the significantly worse outcome of COVID-19 in the group of transplant patients over 60 years of
age (19). Diabetes mellitus was confirmed as an independent risk factor for a serious course of COVID-19
in the group of patients after kidney transplantation (21). Advanced impairment of graft function at the
time of infection was identified as another risk factor for poor outcome in the studied group of patients.
The prevalence of the alpha variant in Slovakia did not affect the development of morbidity and mortality
in patients after kidney transplantation.

The pandemic heavily impacted both the dialysis care and organ procurement and transplantation activities:
hemodialysis centers became a source of infections owing to the model of repetitive treatment in a closed
community; peritoneal dialysis insertions which could have protected CKD patients as they allow dialysis
outside the hospital were postponed as non-urgent procedures (4, 15).

These factors also affected the situation in Slovakia. A quick understanding that restricting or stopping
kidney transplants from deceased and living donors could lead to unnecessary deaths of the waitlisted patients
led to setting the rules so that the procurement and transplantation program in Slovakia did not stop during
the second wave of the COVID-19 crisis. Claims that transplant patients are at a high risk of infection and
it is better to keep them on the hemodialysis program have proved to be unsubstantiated. All the more so,
given that the morbidity and mortality of patients in hemodialysis centers in Slovakia was 52% and 30%,
which was a higher rate compared to the ERA-EDTA Registry (7) and the ERACODA database (5) data,
where 28-day mortality was 19.9% and 25%. The onset of morbidity and mortality in Slovakia during the
second wave of the COVID-19 pandemic was also reflected in the increase in the number of infected KTRs,
but compared to the hemodialysis population, the risk of infection and death was 3.7 times lower. According
to the data of ERA-EDTA a EU National Competent Authorities on Organ donation and transplantation the
risk of being infected by SARS-CoV-2 was more than 4 times lower for kidney transplant recipients than for
hemodialysis patients, mainly because transplant patients can be managed at home, while hemodialysis still
takes place mostly in hospital settings (4, 17). It should be noted that hemodialysis patients are generally
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older and have a higher prevalence of comorbid conditions than kidney transplant recipients (16). At the
Slovak hemodialysis units, screening for COVID-19 was performed not only in symptomatic patients and
as a post-contact screening, but also as a part of routine surveillance, whereas transplant patients only
underwent testing when they presented with symptoms or after the contact with a positive person. On the
other hand, lower morbidity and mortality among transplant patients may be explained by better habits to
protect oneself from infection and by better opportunities to manage the treatment at home and remotely
during the critical period of the pandemic (telemedicine, e-prescription), while hemodialysis still mostly takes
place in hospital settings. Therefore, promoting transplantation is integral to fostering future preparedness
for other mass infectious disease emergencies (4).

Unlike the first wave, the second wave in Slovakia was marked by slow enacting of the precautions, greater
benevolence, misinterpretation of negative test results (as being a ”freedom pass”) and also pandemic fatigue.
Nevertheless, Slovakia was able to maintain the procurement and transplantation program. While donation
and organ transplants in some European Union countries dropped by more than 80% (7), in Slovakia it was
only up to 33.5%. Kidney transplants from living donors, with the exception of the first wave, continued
without restriction and at the same level as in 2018 and 2019. No transmission of infection from the donor
to the recipient or infection in the hospital during the short post-transplant period was observed. The first
wave of the COVID-19 pandemic in Slovakia has shown that clear rules and strict anti-epidemic measures
and their observance by kidney transplant patients as well as their family members are an efficient way to
protect against the disease. Increased vigilance during a pandemic and the prevention of infectious diseases
should be maintained not only shortly after transplantation, but also later, as patients being longer post-
transplantation became infected more frequently (median: 5.7 years).

In January 2021, vaccination started in Slovakia for health professionals and at-risk groups of the population,
including patients with CKD, especially patients on dialysis and transplant patients.

The limitation of our analysis lies in the absence of data regarding the treatment of patients during hospi-
talization, since the patients were not hospitalised in a specialized COVID-19 center, consultation timing
varied and thus, the treatment data would not be homogeneous. On the other hand, our analysis deals with
the risk factors for a severe course of COVID-19 before the infection onset.

CONCLUSION

The COVID-19 pandemic has had a substantial effect on morbidity and mortality in kidney replacement
therapy patients affected by the disease, peaking in elderly and diabetic patients. Despite the higher risk of
morbidity and mortality due to impaired immunity, kidney transplantation from a deceased or living donor
appears to be a safe treatment modality for patients with end-stage renal failure even during the COVID-19
pandemic. Mortality of the kidney transplant patients from COVID-19 is significantly lower than the risk of
infection and death during a hemodialysis treatment. It is of vital importance that in future pandemics the
nephrology community has a crisis management and protocols in place and be able to act swiftly to increase
the safety of their patients and mitigate the damage to their health as much as possible. Transplant centers
need to be flexible during a pandemic, adopting both short-term and long-term changes along the way.
Important precautionary measures include early vaccination of at-risk groups, including kidney transplant
patients.

REFERENCES

1. Wu Z, McGoogan JM. Characteristics of and important lessons from the coronavirus disease 2019
(COVID-19) outbreak in China: summary of a report of 72314 cases from the Chinese center for
disease control and pre-vention. JAMA 2020;323:1239–1242.

2. Williamson EJ, Walker AJ, Bhaskaran K et al. Factors associated with COVID-19-related death using
open SAFELY. Nature2020;584:430–436.

3. Clark A, Jit M, Warren-Gash C et al. Global, regional, and national estimates of the population at in-
creased risk of severe COVID-19 due to underlying health con-ditions in 2020: a modelling study.Lancet
Glob Health 2020;8:e1003–e1017.

9



P
os

te
d

on
31

J
an

20
24

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
70

66
74

98
.8

93
87

45
9/

v
1

—
T

h
is

is
a

p
re

p
ri

n
t

a
n
d

h
as

n
o
t

b
ee

n
p

ee
r-

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

4. Vanholder R, Annemans L, Bello AK, et al. Fighting the unbearable lightness of neglecting kidney
health: The decade of the kidney. Published by Oxford University Press on behalf of ERA-EDTA.
http://creativecommons.org/licenses/by-nc/4.0/

5. Hilbrands LB, Duivenvoorden R, Vart P, et al. COVID-19-related mortality in kidney transplant and
dialysis patients: results of the ERACODA collaboration. Nephrol Dial Transplant2020;35(11):1973–
1983.

6. Pereira MR, Mohan S, Cohen DJ, et al. COVID-19 in solid organ transplant recipients: initial report
from the US epicenter. Am J Transplant 2020;20:1800–1808.

7. Jager KJ, Kramer A, Chesnaye NC, et al. Results from the ERA-EDTA Registry indicate a high
mortality due to COVID-19 in dialysis patients and kidney transplant recipients across Europe. Kidney
Int. 2020;98:1540–1548.

8. Kinkhabwala M. Covid-19 and Kidney Transplantation. N Engl J Med 2020;382:2475–2477.
9. Coates PT, Wong G, Drueke T, et al. Early experience with COVID-19 in kidney transplantation.

Kidney Int. 2020;97:1074–1075.
10. Gansevoort RT, Hilbrands LB: CKD is a key risk factor for COVID-19 mortality. Nat Rev Nephrol

2020;16:705–706, 2020.
11. Tay MZ, Poh CM, Renia L, et al. The trinity of COVID-19: immunity, inflammation and intervention.

Nat Rev Immunol2020;20:363–374.
12. Akalin E, Azzi Y, Bartash R, et al. Covid-19 and kidney transplantation. N Engl J Med 2020;382:2475–

2477.
13. Banerjee D, Popoola J, Shah S, et al. COVID-19 infection in kidney transplant recipients. Kidney Int

. 2020;97:1076–1082.
14. Craig-Schapiro R, Salinas T, Lubetzky M, et al. COVID-19 outcomes in patients waitlisted for kidney

transplantation and kidney transplant recipients. Am J Transplant. 2021;21(4):1576–1585.
15. Sanchez-Alvarez JE, Perez Fontan M, Jimenez Martin C, et al. SARS-CoV-2 infection in patients on

renal replacement therapy. Report of the COVID-19 Registry of the Spanish Society of Nephrology
(SEN).Nefrologia 2020;40:272–278.

16. EU National Competent Authorities on Organ donation and transplantation. Statement -
Organ Donation and Transplantation and the COVID-19 pandemic. Published online June
2020. https:// ec.europa.eu/health/sites/health/files/blood tissues organs/ docs/organs ncastate-
ment covid19 en.pdf

17. Quintaliani G, Reboldi G, Di Napoli A, et al. Exposure to novel coronavirus in patients on renal
replacement therapy during the exponential phase of COVID-19 pandemic: survey of the Italian Society
of Nephrology. J Nephrol 2020;33:725–736.

18. Alberici F, Delbarba E, Manenti C, et al. A report from the Brescia Renal COVID Task Force
on the clinical characteristics and short-term outcome of hemodialysis patients with SARS-CoV-2
infection.Kidney Int. 2020;98:20–26.

19. Goicoechea M, Sanchez Camara LA, Macias N, et al. COVID-19: clinical course and outcomes of 36
maintenance hemodialysis patients from a single center in Spain. Kidney Int 2020;98:27–34.

20. Caillard S, Chavarot N, Francois H, et al. Is COVID-19 infection more severe in kidney transplant
recipients? Am J Transplant.2021;21:1295–1303.

21. Elias M, Pievani D, Randoux C, et al. COVID-19 Infection in Kidney Transplant Recipients: Disease
Incidence and Clinical Outcomes.J Am Soc Nephrol 2020;31(10):2413–2423.

Hosted file

Table 1.docx available at https://authorea.com/users/733680/articles/711213-how-slovak-

kidney-transplant-program-worked-and-how-covid-19-crisis-influenced-kidney-transplant-

recipients-in-slovakia

Hosted file

Table 2.docx available at https://authorea.com/users/733680/articles/711213-how-slovak-

10

https://authorea.com/users/733680/articles/711213-how-slovak-kidney-transplant-program-worked-and-how-covid-19-crisis-influenced-kidney-transplant-recipients-in-slovakia
https://authorea.com/users/733680/articles/711213-how-slovak-kidney-transplant-program-worked-and-how-covid-19-crisis-influenced-kidney-transplant-recipients-in-slovakia
https://authorea.com/users/733680/articles/711213-how-slovak-kidney-transplant-program-worked-and-how-covid-19-crisis-influenced-kidney-transplant-recipients-in-slovakia
https://authorea.com/users/733680/articles/711213-how-slovak-kidney-transplant-program-worked-and-how-covid-19-crisis-influenced-kidney-transplant-recipients-in-slovakia
https://authorea.com/users/733680/articles/711213-how-slovak-kidney-transplant-program-worked-and-how-covid-19-crisis-influenced-kidney-transplant-recipients-in-slovakia


P
os

te
d

on
31

J
an

20
24

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
70

66
74

98
.8

93
87

45
9/

v
1

—
T

h
is

is
a

p
re

p
ri

n
t

a
n
d

h
as

n
o
t

b
ee

n
p

ee
r-

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

kidney-transplant-program-worked-and-how-covid-19-crisis-influenced-kidney-transplant-

recipients-in-slovakia

Hosted file

Table 3.docx available at https://authorea.com/users/733680/articles/711213-how-slovak-

kidney-transplant-program-worked-and-how-covid-19-crisis-influenced-kidney-transplant-

recipients-in-slovakia

Hosted file

Table 4.docx available at https://authorea.com/users/733680/articles/711213-how-slovak-

kidney-transplant-program-worked-and-how-covid-19-crisis-influenced-kidney-transplant-

recipients-in-slovakia

Hosted file

Table 5.docx available at https://authorea.com/users/733680/articles/711213-how-slovak-

kidney-transplant-program-worked-and-how-covid-19-crisis-influenced-kidney-transplant-

recipients-in-slovakia

Hosted file

Figure 1.docx available at https://authorea.com/users/733680/articles/711213-how-slovak-

kidney-transplant-program-worked-and-how-covid-19-crisis-influenced-kidney-transplant-

recipients-in-slovakia

11

https://authorea.com/users/733680/articles/711213-how-slovak-kidney-transplant-program-worked-and-how-covid-19-crisis-influenced-kidney-transplant-recipients-in-slovakia
https://authorea.com/users/733680/articles/711213-how-slovak-kidney-transplant-program-worked-and-how-covid-19-crisis-influenced-kidney-transplant-recipients-in-slovakia
https://authorea.com/users/733680/articles/711213-how-slovak-kidney-transplant-program-worked-and-how-covid-19-crisis-influenced-kidney-transplant-recipients-in-slovakia
https://authorea.com/users/733680/articles/711213-how-slovak-kidney-transplant-program-worked-and-how-covid-19-crisis-influenced-kidney-transplant-recipients-in-slovakia
https://authorea.com/users/733680/articles/711213-how-slovak-kidney-transplant-program-worked-and-how-covid-19-crisis-influenced-kidney-transplant-recipients-in-slovakia
https://authorea.com/users/733680/articles/711213-how-slovak-kidney-transplant-program-worked-and-how-covid-19-crisis-influenced-kidney-transplant-recipients-in-slovakia
https://authorea.com/users/733680/articles/711213-how-slovak-kidney-transplant-program-worked-and-how-covid-19-crisis-influenced-kidney-transplant-recipients-in-slovakia
https://authorea.com/users/733680/articles/711213-how-slovak-kidney-transplant-program-worked-and-how-covid-19-crisis-influenced-kidney-transplant-recipients-in-slovakia
https://authorea.com/users/733680/articles/711213-how-slovak-kidney-transplant-program-worked-and-how-covid-19-crisis-influenced-kidney-transplant-recipients-in-slovakia
https://authorea.com/users/733680/articles/711213-how-slovak-kidney-transplant-program-worked-and-how-covid-19-crisis-influenced-kidney-transplant-recipients-in-slovakia
https://authorea.com/users/733680/articles/711213-how-slovak-kidney-transplant-program-worked-and-how-covid-19-crisis-influenced-kidney-transplant-recipients-in-slovakia
https://authorea.com/users/733680/articles/711213-how-slovak-kidney-transplant-program-worked-and-how-covid-19-crisis-influenced-kidney-transplant-recipients-in-slovakia
https://authorea.com/users/733680/articles/711213-how-slovak-kidney-transplant-program-worked-and-how-covid-19-crisis-influenced-kidney-transplant-recipients-in-slovakia
https://authorea.com/users/733680/articles/711213-how-slovak-kidney-transplant-program-worked-and-how-covid-19-crisis-influenced-kidney-transplant-recipients-in-slovakia
https://authorea.com/users/733680/articles/711213-how-slovak-kidney-transplant-program-worked-and-how-covid-19-crisis-influenced-kidney-transplant-recipients-in-slovakia
https://authorea.com/users/733680/articles/711213-how-slovak-kidney-transplant-program-worked-and-how-covid-19-crisis-influenced-kidney-transplant-recipients-in-slovakia

