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Renal transplant recipients (RTRs) infected with SARS-
CoV-2 are at increased risk for severe to fatal COVID-19,
concomitant acute kidney injury (AKI), and persistent post-
COVID symptoms [1, 2]. Given the previous results, a con-
tinuing negative impact on the health of the RTRs follow-
ing COVID-19 can be expected. Therefore, this case series
aimed to examine the long-term impact of COVID-19 on
graft-function in RTRs hospitalized with moderate and
severe disease. We also assessed mortality rates as well as
the health status and prevalence of post-COVID symptoms
at 90-days follow-up.

In this study, we enrolled 17 RTRs who were hospital-
ized with symptomatic SARS-CoV-2 infection. The aver-
age patient age was 56 years (interquartile range [IQR],
53.5-69.5 years) and included five (29%) women. Only
one of the RTRs underwent transplantation from a liv-
ing donor. The median time after transplantation was 6.9
(IQR 4.3-12.1) years. Sixteen (94.1%) were treated with
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immunosuppressive medications, including calcineurin
inhibitors (CNIs), primarily cyclosporine or tacrolimus.
The most common secondary conditions included hyper-
tension (17, 100%), diabetes (11, 65%), and coronary heart
disease (6, 35%); three of the RTRs (18%) presented with
pre-existing chronic lung disease (Table S1). Fifteen (88.2%)
ultimately required oxygen support during their hospital
stay, albeit without evidence or clinical suspicion of pulmo-
nary embolism. Two patients (12%) developed progressive
hypoxia and required invasive ventilation.

While three patients (18%) succumbed to COVID-
19 while in the hospital, none died during the follow-up
period. Survivors were significantly younger (p =0.008)
and had lower serum levels of inflammatory markers,
including procalcitonin (p =0.017) and C-reactive protein
(p=0.032) and increased levels of D-dimers (p =0.012)
(Fig. S1). Taking into account the individual baseline
serum creatinine levels, we found that 11 (65%) patients
developed AKI (Stage I: 9, 82%; Stage III: 2, 18%, includ-
ing one patient that required renal replacement therapy)
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with a median increase in serum creatinine of 0.5 (IQR
0.1-0.5) mg/dl. Seven (41%) of these patients presented
with increased CNI levels (defined as a > 1.5-fold increase
above individual trough levels; e.g., tacrolimus levels up
to 38.5 pg/l). The three patients who died while in the
hospital (18%) developed both AKI and CNI overdose.

Eleven (79%) of the 14 survivors exhibited had com-
pletely recovered renal function when examined at a
90-days follow-up visit (Fig. 1A). In two cases, serum cre-
atinine levels had increased over the pre-COVID-19 base-
line by 0.4 and 0.9 mg/dl, respectively. The one patient
who exhibited an increase of 1.8 mg/dl had previously
been diagnosed with end-stage kidney disease and was not
undergoing dialysis.

Of the 14 survivors, 13 (93%) participated in a follow-up
interview designed to evaluate their current health status
(Table S3). Overall, nine (69%) patients reported dimin-
ished health status at 90 days (Likert scale, Fig. 1B). The
remaining four (31%) responded that their health status was
unchanged, although one of these patients (8%) reported
poor health status before hospitalization for COVID-19.
Five patients (38%) described their current health status as
good. Nine of 13 patients (69%) reported persistent symp-
toms at 90 days, suggesting that they may have developed
post-COVID-19 condition. The most frequent complaints
were fatigue (6, 67%) and dyspnea (5, 56%) (Fig. 1C).
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In summary, we have reviewed and documented the
outcomes of a cohort of 17 patients at high risk for severe
COVID-19. The relatively high mortality (3 patients, or
18%) is consistent with findings reported in previously pub-
lished studies [3]. Furthermore, our results suggested that
elevated levels of therapeutic CNIs were associated with
increased mortality.

Eleven of the 17 patients (65%) developed AKI; this rate
is higher than the 52% previously described in the literature
[1]. All three patients who died while in the hospital also
developed AKI; one of these patients required renal replace-
ment therapy. In contrast to results reported by Chauhan
et al. [4], we observed elevated levels of immunosuppressive
medications in seven (41%) of the 17 patients in our cohort
with no apparent association with the incidence or severity
of AKI. Nonetheless, we did note that all three patients who
developed both AKI and elevated CNI levels died while in
the hospital. These findings suggest that this combination of
risk factors may be potentially hazardous.

Although AKI may lead to persistently reduced renal
function, we found that serum creatinine levels measured
at 90 days follow-up were generally no higher than pre-
infection levels. These findings suggest that AKI and renal
dysfunction that develops in RTRs in response to COVID-
19 may be due to factors that are largely reversible [5].
However, we recognize that graft function will need to be
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Fig. 1 Renal status and subjective assessments of health among RTRs
hospitalized for COVID-19. A Serum creatinine levels (baseline,
peak while hospitalized, and at 90-days follow-up). B Self-assessed
health status (Likert scale) at 90-days follow-up. Nine of the 13
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patients (69%) that participated in the follow-up interview reported
persistent symptoms at this time. C The percentage of patients report-
ing each symptom at 90-days follow-up
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monitored over a longer period (from years to decades) to
exclude any and all COVID-19-associated effects.

Nearly 70% of all patients in our follow-up cohort met the
criteria for post-COVID condition as defined by the World
Health Organization. Furthermore, nine patients (69%)
reported diminished health-related quality of life (hrQoL);
this value achieved statistical significance in our single-
center observational study. We anticipate ongoing although
potentially only partial recovery in this cohort based on
the results of a previous report in which only 48% of RTRs
reported a reduced hrQoL at six months follow-up (2).
Therefore, in addition to ongoing nephrological care, these
patients should be provided with interdisciplinary treatment
in special post-COVID outpatient clinics, particularly for
those who report multiple ongoing symptoms.

In conclusion, our findings confirm that AKI is common
in RTRs hospitalized for COVID-19 and that CNI-overdose
appears to be directly associated with in-hospital mortality.
However, our findings indicate that, among those who sur-
vive the acute infection, graft function typically stabilizes
to baseline levels at 90-days follow-up. Many RTRs develop
post-COVID condition with impaired hrQoL persisting as
long as 3 months after moderate or severe disease. These
findings emphasize the importance of providing intensified
and interdisciplinary care for this vulnerable patient cohort.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40620-022-01451-5.
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