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Dear Editors,

The coronavirus disease-19 (COVID-19) pandemic consti-
tutes a major challenge for transplantation medicine.
Given the potential risk of severe acute respiratory syn-
drome coronavirus type 2 infection and adverse disease
courses for recently transplanted recipients, many trans-
plant centers have adapted kidney transplantation pro-
grams during the pandemic [1-3]. However, the severity
of adaptions considerably differed between countries.
Whereas of kidney transplant procedures
decreased substantially in the United States, Italy or France
[1-3], partially accompanied by changes in early immuno-
suppressive regimens, countries of the Eurotransplant net-
work virtually maintained transplant activity [4]. First
reports indicate similar early outcomes of kidney trans-
plantations in countries with extensive changes in trans-
plantation activity and care [5], but modification and
consequences in countries with a rather stable volume of
kidney transplant procedures remain unclear. However,
data on different strategies of handling kidney transplanta-
tions are important to navigate through the next phase of
the pandemic and prepare for future pandemics.

This retrospective cohort study investigates the han-
dling and early outcomes of kidney transplantations
performed during the early COVID-19 pandemic in
Germany using nationwide administrative claim data of
the German Local Health Care Funds [Allgemeine Ort-
skrankenkassen (AOK)]. AOK constitutes a representa-
tive nationwide collective by providing insurance for
32% of the German population without preselection on
age, working status, income, or comorbidities [6].
Patients with a minimum age of 18 years on 1 January
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2017, who received kidney transplantation between 15
March and 30 September 2020 or in the corresponding
period of 2019 were included. This study period was
chosen as Germany experienced high COVID-19 inci-
dences upon March 2020 [7]. Individuals not continu-
ously insured with the AOK were excluded. Information
on transplant hospital stays as well as subsequent hospi-
tal treatments within the study period were investigated
by registered dates, procedures, and diagnoses. Further,
analysis of outpatient prescriptions redeemed within
60 days after transplantation was performed. Data were
compared between patients receiving transplantation in
2019 vs. 2020. The ethics committee of the Arztekam-
mer Hamburg approved this study (WF-022/21).

Three hundred and seventeen patients received kidney
transplantation during the early COVID-19 pandemic
compared to 355 patients in the corresponding period of
2019. This translates into a 10.7% decline in transplant
activity. Distribution of transplantation types did not dif-
fer between years, with 18.9% living donor, 3.4% incom-
patible blood type and 2.5% multiorgan transplantations
in 2020 (16.7%, P = 0.949; 3.5%, P = 0.126 and 2.5%,
P = 0.188 in 2019, respectively; Table S1). Also, there was
no change in age (50.8 vs. 51.2 years in 2019 and 2020,
respectively; P = 0.707), sex (35.2% vs. 41.3% female;
P =0.104), and comorbidities of transplant recipients.
Transplant hospital stays were 2.1 days shorter in 2020
(25.2 vs. 23.1 days, P = 0.049) but without increased rates
of intensive care treatments or delayed graft function.
Usage of rabbit antithymocyte globulin (rATG)-Thy-
moglobulin for immunosuppressive induction therapy did
not vary between the COVID-19 pandemic and the previ-
ous year (6.5% vs. 8.2% in 2019 and 2020, respectively,
P =0.391). Regarding early maintenance immunosup-
pression, we found slight absolute reductions in patients
taking cyclosporine (—6.2%, P = 0.001), mycophenolate
(=5.3%, P =0.021) and steroids (—7.4%, P = 0.001)
(Table S2). Rates for other immunosuppressives or car-
diovascular drugs did not change, and redeemed doses
also remained almost constant.
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All-cause mortality was similar for patients transplanted
during the COVID-19 pandemic or the corresponding per-
iod of 2019 (1.1% vs. 1.6% in 2019 and 2020, respectively;
P = 0.742; Fig. 1). There was only one confirmed COVID-
19 case in the study population. Re-admission rates were
higher in 2020 compared to the previous year (55.8% vs.
65.6%, P = 0.029). Investigation of disease entities leading
to re-admission showed a prevailing increase in allograft
rejections (14.4% vs. 22.7%, P = 0.035). In contrast, re-ad-
missions due to cardiovascular diseases and infections
remained stable. Further, we observed a nonsignificant ten-
dency towards increased re-dialysis rates after transplanta-
tion in 2020 (5.9 vs. 7.3%, P = 0.483).

This study shows that Germany virtually maintained
its kidney transplantation programs during the COVID-
19 pandemic. All types of transplantation, including

living donor and complex transplantations were perpet-
uated and there was no pandemic-driven selection of
transplant candidates. Together with the constant
rATG-Thymoglobulin use, these findings indicate that
selection, activity, and initial management of transplant
procedures were handled independent of the COVID-19
pandemic in Germany. This approach is substantially
different to those of other countries [1-3]. Still, we
observe subtle changes in early transplant recipient care.
These include shorter hospital stays, which might be
explained by measures to save hospital capacities and
avoid in-hospital COVID-19 transmissions [8]. Further,
there were slight decreases in early immunosuppression
maintenance therapy, whereas redemption of cardiovas-
cular drugs remained unchanged. Declines in steroid
therapy might reflect a tendency to avoid this drug
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Figure 1 Outcomes and re-admissions of patients receiving kidney transplantation in 2019 and 2020. Rates of (a) all-cause mortality, (b) dialy-
sis, (c) re-admission and (d) incidences of hospital admissions for selected disease entities after transplantation are presented. *P-value <0.05
tested with univariate x-Test and corrected with Fisher's exact test for counts below five. *As criteria for sepsis coding changed between

2019 and 2020, a reliable statistical comparison is not possible.
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during the pandemic driven by studies associating long-
term steroid use with adverse COVID-19 courses [9].
However, the cyclosporine decrease is probably rather
due to a general renunciation [10].

Overall, perpetuation of transplant management was
safe with constant rates of all-cause mortality, cardio-
vascular and infectious events. The finding of one
COVID-19 case in our study further suggests no
increased infection risk over the general population,
whose incidence was 0.35% at that time [7], as nearly
all transplant centers tested recipients before transplan-
tation according to the Eurotransplant recommenda-
tions and a negative donor test was mandatory for
transplantation. However, the observed increase in allo-
graft rejections, which was associated with a tendency
towards higher re-dialysis and re-admission rates, raise
concern that medical care is not yet balanced between
minimizing COVID-19 risk and maintaining graft care.
Constant rates of delayed graft function indicate suffi-
cient in-hospital care and observed minor changes in
maintenance immunosuppression cannot fully explain
the increased rejection rates. However, observed restric-
tions in in-hospital treatment could indicate a general
looser medical care, which might have contributed to
the finding in the out-patient setting. Unfortunately,
out-patient data was not available when performing the
study. Other limitations include missing information on
other immunosuppressive induction agents such as
basiliximab and on immunological details of the trans-
plantations.
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SUPPORTING INFORMATION

Additional supporting information may be found online
in the Supporting Information section at the end of the
article.

Table S1. Baseline characteristics, transplantation type
and transplant hospital stay characteristics in 2019 and
2020.

Table S2. Early maintenance medication in 2019 and
2020.
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