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Kidney transplant recipients (KTR) may be at increased risk of adverse COVID-19 out-
comes, due to prevalent comorbidities and immunosuppressed status. Given the global
differences in COVID-19 policies and treatments, a robust assessment of all evidence
is necessary to evaluate the clinical course of COVID-19 in KTR. Studies on mortality
and acute kidney injury (AKI) in KTR in the World Health Organization COVID-19 da-
tabase were systematically reviewed. We selected studies published between March
2020 and January 18th 2021, including at least five KTR with COVID-19. Random-
effects meta-analyses were performed to calculate overall proportions, including
95% confidence intervals (95% CI). Subgroup analyses were performed on time of
submission, geographical region, sex, age, time after transplantation, comorbidities,
and treatments. We included 74 studies with 5559 KTR with COVID-19 (64.0% males,
mean age 58.2 years, mean 73 months after transplantation) in total. The risk of mor-
tality, 23% (95% Cl: 21%-27%), and AKI, 50% (95% Cl: 44%-56%), is high among KTR
with COVID-19, regardless of sex, age and comorbidities, underlining the call to ac-
celerate vaccination programs for KTR. Given the suboptimal reporting across the
identified studies, we urge researchers to consistently report anthropometrics, kidney
function at baseline and discharge, (changes in) immunosuppressive therapy, AKI, and

renal outcome among KTR.
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1 | INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
and the associated coronavirus disease 2019 (COVID-19) have a
severe impact on healthcare systems, including organ transplanta-
tion programs worldwide.!® Kidney transplant recipients (KTR) with
COVID-19 may be at increased risk of adverse outcomes, due to
the high prevalence of comorbidities such as reduced kidney func-
tion, hypertension and diabetes and the use of immunosuppressive
drugs.*"® As KTR are more vulnerable to infectious diseases,®? it is
likely that rates of mortality and AKI are higher among KTR, com-
pared to the general population.

During the initial phase of the pandemic, knowledge regard-
ing the treatment and outcomes of COVID-19 in KTR was mainly
shared through case reports and case series. Based on these
studies, several systematic reviews and meta-analyses were pub-
lished that aimed to evaluate the clinical course and the effects of
treatment modalities of COVID-19 in KTR.2%! |n the past months,
significantly more evidence on this topic has become available
through larger studies. Having an updated overview of the risks of
KTR with COVID-19 is necessary to adequately weigh the risks and
benefits of kidney transplantation during the current pandemic. In
addition, many international differences regarding policies and the
treatment of COVID-19 in KTR exist,*? and the described study
populations are heterogeneous with regard to ethnicity, time after
transplantation, and patient characteristics. In this systematic re-
view, we therefore aimed to assess all current evidence, to provide
an updated and robust insight into the clinical course and outcome
of COVID-19 in KTR. In addition, we aimed to review the global use
of treatment modalities, and modifications in immunosuppressive
regimens among KTR with COVID-19. Finally, we aimed to identify
an essential set of variables with regard to baseline characteris-
tics, treatment, and outcome measures to be reported for stud-
ies on outcome and management of KTR in any potential future
epidemics.

2 | MATERIALS AND METHODS

This systematic review and meta-analysis was conducted in accord-
ance with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) checklist (Table S1),** and was prospec-
tively registered in PROSPERO (CRD42021235502).

2.1 | Information sources and search strategy

We conducted an extensive systematic search in the World Health
Organization (WHO) COVID-19 database for eligible studies. This
database concerns the following 25 bibliographic and grey literature
sources: Medline (Ovid and PubMed), PubMed Central, Embase,
CAB Abstracts, Global Health, Psycinfo, Cochrane Library, Scopus,
Academic Search Complete, Africa Wide Information, CINAHL,

ProQuest Central, SciFinder, the Virtual Health Library, LitCovid,
WHO COVID-19 website, CDC COVID-19 website, Eurosurveillance,
China CDC Weekly, Homeland Security Digital Library, ClinicalTrials.
gov, bioRxiv (preprints), medRxiv (preprints), chemRxiv (preprints),
and SSRN (preprints). The systematic search was performed on
January 18th 2021. We used the following search terms: “(kidney
OR renal) AND (transplantation® OR transplant® OR graft*)”". No limi-
tations regarding language, study type, or publication type were ap-
plied for the initial literature search phase. Database records were
then uploaded to Rayyan QCRI, the Systematic Reviews web app
(Qatar Computing Research Institute).’* After study selection, in-
cluded articles were checked for retractions in the Retraction Watch

Database.

2.2 | Inclusion and exclusion criteria and process
The objective of this review was to assess etiological and thera-
peutic factors associated with patient outcomes in KTR with
COVID-19. We therefore included all randomized controlled tri-
als, cohort studies, registry studies, and case series that con-
tained targeted clinical data in at least five kidney transplant
recipients with COVID-19, as confirmed by reverse transcriptase-
polymerase chain reaction (RT-PCR) or antibody testing. Poster
abstracts including such data were also included. Animals studies
were excluded. In addition, studies with no available English text
or abstract were excluded.

All records were screened based on abstract and title by three
contributors (D. K., T. T. P, and B. W. M. v. B), where assessments
of the other contributors were blinded. In case of conflicts, studies
were included for the next stage. Following the screening, studies
were assessed for eligibility based on full texts by two contributors
(assessment performed by D. K., T. T. P,, and B. W. M. v. B.), where
assessments of the other contributor were blinded. After unblinding,
conflicts were discussed with the assessing authors, and the third
assessor adjudicated in case of disagreement.

2.3 | Data collection and analysis

For each included study, we independently extracted data using a
standardized data-extraction form regarding the trial characteristics
(study design, publication date, geographical region), patient char-
acteristics (age, sex, ethnicities, comorbidities, weight, body mass
index), transplant-related parameters (time after transplantation,
maintenance immunosuppressive treatment), and treatment after
the COVID-19 diagnosis (change in maintenance immunosuppres-
sive treatment, use of dexamethasone, tocilizumab, remdesivir, and
hydroxychloroquine). The outcomes of interest were hospitalization,
duration of hospitalization, the occurrence of acute kidney injury
(AKI), kidney function after discharge, the necessity of dialysis treat-
ment, rejection or failure of the kidney graft, and mortality. For the
dichotomous outcomes, we collected the number of participants
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who experienced the event and the total number of hospitalized
participants. If the number of hospitalized patients for a study was
unknown, we used the total number of study participants. For con-
tinuous outcomes, we used the mean or median and measure of vari-
ability. Corresponding authors were contacted in case clarification

was necessary.

2.4 | Risk of bias analyses

The risk of bias of the included studies was assessed using the
Newcastle-Ottawa Scale (NOS) on: (1) representativeness of the ex-
posed cohort; (2) ascertainment of exposure; (3) demonstration that
the outcome of interest (i.e., AKI and mortality) was not present at
the start of the study; (4) comparability of cohorts on the basis of
the design or analyses; (5) assessment of outcome; (6) was follow-up
long enough for outcomes to occur; (7) adequacy of follow-up of
cohorts. Given that all included studies were single-arm studies, the
item “selection of the non-exposed cohort” of NOS was not applica-

ble to our risk of bias assessment.

2.5 | Statistical analyses

We performed meta-analyses to derive pooled proportions of AKI
and mortality of the number of hospitalized patients. To explore dif-
ferences in outcomes, we performed subgroup analyses based on
date of manuscript submission, geographical region, sex, age, comor-
bidities, time after transplantation, and treatment modalities. We
used the metaprop package in R (version 3.5.1) to perform random-
effect meta-analyses of binomial data of proportions, and calculated
their respective 95% confidence intervals (95% Cl) according to the
Clopper-Pearson method.> We visually inspected the presence
of heterogeneity in our forest plots and calculated the I? statistic,
which quantifies the heterogeneity across studies.

2.6 | Sensitivity analyses

Because many studies included a limited number of participants, we
performed sensitivity analyses for estimated proportions of death
and AKI in studies that included at least 100 participants, to de-

crease potential selection and publication bias.

3 | RESULTS

The study selection flow is visualized in Figure 1. In total, 605 re-
cords were identified in the database screening. Of these records,
426 (70.4%) were excluded based on title and abstract, as they did
not meet the predefined eligibility criteria. Common reasons for ex-
clusion at this stage were lack of targeted clinical data (e.g., editorials,
perspectives, or opinion commentaries without new clinical data), or

Records identified through Excluded duplicates

database screening > -
(N=612) N=7)
\ 4
Records screened on title/ " Records excluded
abstract ' (N = 426)
(N = 605)
Full-text articles excluded
(N =105)
A 4 - Wrong study design (N = 36)
Full-text articles assessed for i d.ata f9r KTR(N = 2_0)
ligibility | -<5 patients included (N = 18)
(N = 179) L - Duplicate (N = 16)
- - No outcomes of interest
(N=12)
- Foreign language (N =3)
\ 4

Studies included in
qualitative synthesis
(N=74)

A 4

Studies included
in meta-analyses
Mortality (N =74)
AKI (N =43)
Dialysis (N = 39)

FIGURE 1 PRISMA study selection flow. AKI, acute kidney
injury; KTR, kidney transplant recipients

wrong study population (no targeted data in KTR). Consequently, we
conducted a full-text review of 179 articles, of which 105 (59%) were
excluded. Reasons for exclusion at this stage are shown in Table S2.
As a result, 74 studies published between March 2020 and January
18th 2021, were included in the current systematic review, including
a total of 5559 KTR (Table S3).

3.1 | Study characteristics

In total, 38 studies (51%) were conducted in Europe, 25 (34%) in
the United States, and 10 (14%) in Asia or the Pacific. One study
(1%) contained combined data from Europe and the United States.
Although a large proportion of included studies (22 studies, 30%)
was first submitted in March, April, or May of 2020, these studies
accounted for only 604 patients (11% of the total study population).
In the first months, only case reports and relatively small case series
were published. Studies with more than 100 included patients were
first submitted in June 2020, and 80% of the included patients were
reported in papers first submitted after August 1, 2020.
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3.2 | Population characteristics and incidence of 3.3 | Potential risk factors for AKI and mortality
adverse outcomes

3.31 | Sex

Among patients with available data, 64% were male, mean age
was 58 years (range: 43-74 years), and mean time after transplan-
tation was 73 months (range: 1-161 months). Hypertension and
diabetes were common (82% and 42%, respectively), and the ma-
jority of KTR were treated with calcineurin inhibitors (92%), prolif-
eration inhibitors (76%), and corticosteroids (73%), as maintenance
immunosuppression.

The majority of KTR reported in the included studies were
admitted to the hospital (86%). Of these patients, 25% required
intensive care treatment, and 23% (95% Cl: 21%-27%) died.
However, substantial heterogeneity was identified in this meta-
analysis (1% 72%). AKI was reported in 42 studies (57%) and based
on various criteria, and was common in KTR with COVID-19 (50%,
95% Cl: 44%-56%). Again, substantial heterogeneity was identi-
fied for this outcome (I%: 66%). The median duration of hospital-
ization was reported in only 27 studies (36%), and varied from 4
to 36 days, depending on the study. Rejection and graft failure
were explicitly reported in only 9 and 48 cases (0.16% and 0.86%,
respectively), but may have been subject to reporting bias. The
necessity of dialysis treatment was reported in 280 patients (6%),
but this outcome was explicitly mentioned in only 39 studies (53%)

and may thus have been underreported.

3.2.1 | Early and later phases of the pandemic

There was an insignificant trend towards higher mortality rates in
the early phase of the pandemic (studies first submitted before July
2020; estimated proportion of deaths: 26%; 95% Cl: 22%-32%),
compared to the later phase (studies submitted from July 2020
onwards; estimated proportion of deaths: 23%; 95% Cl: 20%-26%;
Figure 2). The incidence of AKI was slightly lower in the earlier stud-
ies (estimated proportion of AKI: 45%; 95% Cl: 38%-52%), compared
to studies submitted from July 2020 onwards (estimated proportion
of AKI: 57%; 95% Cl: 45%-68%), although the differences between

these subgroups were also not significant.

3.2.2 | Region

Mortality rates tended to be lower in the USA (estimated propor-
tion of deaths: 18%; 95% Cl: 14%-23%) than in Asia/Pacific and
Europe (estimated proportion of deaths: 24%; 95% Cl: 13%-40%,
and 26%; 95% Cl: 22%-30%, respectively, Figure S1), albeit that
the difference was not significant. The incidence of AKI tended to
be lower in the Asia/Pacific region (estimated proportion of AKI:
39%; 95% Cl: 19%-64%) than in the USA (estimated proportion of
AKI: 53%; 95% Cl: 39%-66%) and Europe (estimated proportion
of AKI: 50%; 95% Cl: 43%-57%) although this difference was also
not significant.

No clear differences between subgroups based on sex were identi-
fied with regard to either mortality rates or AKl incidence (Figure S2).

3.32 | Age

The estimated mortality rate increased with the reported mean age
of included patients, and was lowest in studies with a mean age
<50 years (estimated proportion of deaths: 17%, 95% Cl: 9%-30%).
Studies with a mean age between 50 and 60 years had higher mor-
tality rates (estimated proportion of deaths: 24%, 95% Cl: 21%-28%),
and studies with a mean age of 60 years or older had the highest
mortality rates (estimated proportion of deaths: 27%, 95% Cl: 21%-
34%,; Figure 3). Similarly, the estimated incidence of AKI was lowest
in studies with a mean age <50 years (estimated AKl incidence: 41%,
95% Cl: 26%-57%), and highest in studies with a mean age >60 years
(estimated AKI incidence: 54%, 95% Cl: 45%-63%). However, both
trends for increasing incidence of death and AKI were not statisti-
cally significant.

3.3.3 | Anthropometrics

Notably, anthropometric measurements, including body mass index
were described in only 25 studies (34%), including 1120 patients
(20%). Meta-analyses were therefore not performed for this well-
known risk factor.

3.3.4 | Time after transplantation

Studies including KTR with a mean or median of <15 months after
transplantation had the highest mortality rates (estimated propor-
tion of deaths: 30%; 95% Cl: 20%-43%), compared with studies in-
cluding KTR who received their kidney between 16 and 60 months
(estimated proportion of deaths: 20%, 95% ClI 14%-30%), or more
than 60 months (estimated proportion of deaths: 23%, 95% Cl 19%-
27%) after transplantation, although the differences between the
subgroups were not statistically significant (Figure 4). The number
of studies with a mean time after transplantation until 15 months
that reported on AKI was too small to draw any conclusions, but inci-

dence rates did not differ significantly between the other subgroups.

3.3.5 | Comorbidities

We observed no clear trends with regard to mortality and AKI in
subgroups of studies depending on the prevalence of hyperten-
sion and diabetes (Figure S3). Among the subgroups, mortality
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(A) (B)
Source Proportion (95% Cl) Source Proportion (95% CI)
time = 1: until June 2020 time = 1: until June 2020
Alberici 0.15[0.03; 0.38] —=— Alberici 0.30[0.12; 0.54] —a—
Banerjee 0.20[0.01; 0.72] ] Banerjee 0.80 [0.28; 0.99] i
Columbia University  0.07 [0.00; 0.32] —i Columbia University  0.40 [0.16; 0.68] — R
Abrishami 0.67 [0.35; 0.90] — Crespo 0.56 [0.21; 0.86] B
Crespo 0.89 [0.52; 1.00] — i Devresse 0.280.10; 0.53] ——
Devresse 0.11[0.01; 0.35] —i Fung 0.60 [0.15; 0.95] B
Fung 0.00[0.00;052] I Ghaffari Rahbar 0.74 [0.49; 0.91] ——
Ghaffari Rahbar 0.47[0.24;0.71] — Nair 0.50[0.19; 0.81] o=
Nair 0.30 [0.07; 0.65] Rodriguez-Cubillo 0.48[0.29; 0.67] ——
Rodriguez-Cubillo 0.21 [0.08; 0.40] —— Bossini 0.33 [0.20; 0.49] ——
Bossini 0.33[0.20; 0.49] —i— Demir 0.35[0.21; 0.52] ———
Chaudhry 0.27 [0.12; 0.48] — Elias 0.47 [0.34; 0.60] ——
Chen 0.20 [0.08; 0.39] —n— Maritati 0.20[0.01; 0.72] B
Demir 0.12[0.04; 0.27] ——— Mella 0.33[0.04; 0.78] B
Elias 0.27 [0.16; 0.40] —— Michelle 0.54[0.37; 0.70] ——
Hoek 0.20 [0.04; 0.48] —— Perez-Saez 0.45[0.34; 0.57] ——
Maritati 0.40 [0.05; 0.85] =] Silva 0.75[0.19; 0.99] B
Mella 0.67 [0.22; 0.96] Ares 0.35[0.17; 0.56] ——
Michelle 0.08 [0.02; 0.21] - Elhadedy 0.29[0.04; 0.71] i
Perez-Saez 0.32[0.22; 0.44] —— Fava 0.51[0.41; 0.61] ——
Silva 0.25[0.01; 0.81] i Hussain 0.60 [0.39; 0.79] ——
Zhu 0.10 [0.00; 0.45] - B Kates 0.51[0.45; 0.57] -
Abolghasemi 0.42[0.22; 0.63] i Mehta 0.06 [0.01; 0.20] B
Akalin 0.36 [0.19; 0.56] —— Mohamed 0.56 [0.35; 0.76] —
Ares 0.38 [0.20; 0.59] ] Truijillo 0.80 [0.44; 0.97] ——
Crespo 0.29[0.24; 0.34] - Total (fixed effect)  0.46 [0.43; 0.50] <
Elhadedy 0.00[0.00;0.41] I Total (random effects) 0.45 [0.38; 0.52] =
Fava 0.27[0.19; 0.37] il Heterogeneity: 72, = 45.79 (P = .005), I° = 48%
Hussain 0.40[0.21; 0.61] L] time = 2: from July 2020 onwards
Jager 0.10[0.09; 0.12] Ali 0.11[0.04; 0.25] ——
Kates 0.22[0.17; 0.28] - Benotmane 0.76 [0.60; 0.88] ——
Mehta 0.18[0.07; 0.35] —— Mahmoud 0.87 [0.66; 0.97] ——
Mohamed 0.36[0.18; 0.57] - Katz-Greenberg 0.60 [0.32; 0.84] —
Molaei 0.20 [0.03; 0.56] —— Shrivastava 0.71[0.54; 0.85] ——
Pascual 0.46 [0.26; 0.67] —— Jarrin Tejada 0.64 [0.43; 0.82] —
Truijillo 0.30 [0.07; 0.65] = Kumaresan 0.29[0.04; 0.71] i
Willicombe 0.31[0.20; 0.46] —— Santeusanio 0.58 [0.41; 0.74] —
Total (fixed effect) ~ 0.21[0.19; 0.22] < Lum 0.42[0.23; 0.63] —a——
Total (random effects) 0.26 [0.22; 0.32] e Caillard 0.46 [0.40; 0.52] -
Heterogeneity: 32, = 168.51 (P < .001), I° = 79% Dheir 0.25[0.09; 0.49] —R—
time = 2: from July 2020 onwards Kute 0.60 [0.53; 0.67] ——
Al 0.02 [0.00; 0.12] n— Meziyerh 0.47[0.21; 0.73] ——
Benotmane 0.22[0.11; 0.38] —— Sran 0.66 [0.52; 0.78] ——
Carlos 0.18 [0.02; 0.52] —a— Khalid 0.92 [0.62; 1.00] —i
Coll 0.30 [0.26; 0.36] L Silvano 0.67 [0.22; 0.96] =]
Craig-Schapiro 0.25[0.14; 0.39] — Total (fixed effect) 0.54 [0.50; 0.57] <
Cruz 0.04 [0.00; 0.20] - Total (random effects) 0.57 [0.45; 0.68] —r_—
Felldin 0.15[0.03; 0.38] —i Heterogeneity: Z?s =70.79 (P < .001), 12=79%
Hardesty 0.09 [0.00; 0.41] —i Total (fixed effect)y  0.50 [0.48; 0.52] <
Lubetzky 0.09 [0.05; 0.16] E = Total (random effects) 0.50 [0.43; 0.57] =
Mahmoud 0.13[0.03; 0.34] —n Heterogeneity: 12, = 123.44 (P < .001), I* = 68%
Mamode 0.30 [0.22; 0.39] —— 0.2 0.4 0.6 0.8
Marathi 0.17 [0.00; 0.64] — (95% Cl)
Ozturk 0.11 [0.05; 0.20] i
Salinas 0.18 [0.08; 0.34] ——
Ali Malekhosseini 0.31[0.11; 0.59] B
Azzi 0.42[0.33; 0.52] ——
Chavarot 0.26 [0.18; 0.36] —il—
Corcillo 0.36[0.11; 0.69] —
Hilbrands 0.24 [0.19; 0.30] -
Katz-Greenberg 0.20 [0.04; 0.48] —a—
Shrivastava 0.24[0.11; 0.40] ——
Clarke 0.38[0.15; 0.65] 5]
Georgiades 0.00 [0.00; 0.52] | |
Jarrin Tejada 0.04 [0.00; 0.20] -
Kumaresan 0.43[0.10; 0.82] =
Santeusanio 0.29 [0.15; 0.46] ——
Lum 0.15 [0.04; 0.35] —i
Mehta 0.50 [0.16; 0.84] ]
Caillard 0.18[0.14; 0.23] g &
Dheir 0.10 [0.01; 0.32] —
Kute 0.14 [0.10; 0.20] R =
Meziyerh 0.40 [0.16; 0.68] ]
Sran 0.23[0.12; 0.36] ——
Khalid 0.33[0.10; 0.65]
Silvano 0.00[0.00;0.46] I
Total (fixed effect) 0.22[0.21; 0.24]
Total (random effects) 0.20 [0.16; 0.24] <
Heterogeneity: 72, = 95.86 (P < .001), I° = 65%
Total (fixed effect)  0.21[0.20; 0.23]
Total (random effects) 0.23 [0.20; 0.26] <
Heterogeneity: 13, = 265.80 (P < .001), /= 73% T T T !
0 02 0.4 06 0.8
(95% Cl)

FIGURE 2 Reported outcomes of KTR with COVID-19. Overall reported mortality of hospitalized KTR with COVID-19 (A) is 23% and
appears higher in the first period. AKI (B) occurs in 50% of the cases and appears to be increased in the period after July 2020
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(A) (B)
Source Proportion (95% Cl) Source Proportion (95% CI)
age = 1: <50 age =1: <50
gz!??;méahbar g-i; {g-gi; g-g?} - & Ghaffari Rahbar 0.74 [0.49; 0.91] R
i X .24; 0. —a— : " = L
Demir 0.12[0.04; 0.27] ——- Demir 0.35[0.21 : 0.52]
Abolghasemi 0.42 [0.22: 0.63] . Elhadedy 029[0.04;0.71] =
Elhadedy 0.00[0.00;0.41] Ali 0.11[0.04; 0.25] L
Ali 0.02[0.00; 0.12] [ Katz-Greenberg 0.60 [0.32; 0.84] ——
Ozturk 0.11 [0.05; 0.20] a2 Lum 0.42[0.23; 0.63] ———
Katz-Greenberg 0.20 [0.04; 0.48] —a— Dheir 0.25 [0.09; 0.49] ——
Lum 0.15[0.04; 0.35] — Kute 0.60 [0.53; 0.67] —
Dheir 0.10[0.01; 0.32] —& Total (fixed effect) ~ 0.49 [0.44; 0.54] <
Kute 0.14 [0.10; 0.20] - Total (random effects) 0.41 [0.26; 0.57] —_—
Total (fixed effect) ~ 0.16 [0.13; 0.20] <> Heterogeneity: 2 = 41.56 (P < 001), I* = 83%
Total (random effects) 0.17 [0.09; 0.30] - 207 ) . ’
Heterogeneity: 12, = 41.34 (P < .001), 12 = 76% age = 2: 50-60
age = 2: 50-60 Alberici 0.30[0.12; 0.54] ——
Alberici 0.15[0.03; 0.38] ——— Banerjee 0.80 [0.28; 0.99] L
Banerjee 0.20[0.01; 0.72] — Columbia University ~ 0.40 [0.16; 0.68] —
Columbia University ~0.07 [0.00; 0.32] — Devresse 0.28[0.10; 0.53] ——
Devresse 0.11[0.01; 0.35] —i - Nair 0.50[0.19; 0.81] —-7
Nair 0.30 [0.07; 0.65] . ; B !
Bossini 0.33 [0.20; 0.49] i E?ss'm gj? [852 ggg] :
Chen 0.20 [0.08: 0.39] L — as 47[0.34; 0.60] =
Elias 0.27 [0.16; 0.40] B Lubetzky 0.54 [0.37; 0.70] =
Hoek 0.20 [0.04; 0.48] | S Mella 0.33[0.04; 0.78] L]
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FIGURE 3 Reported outcomes of KTR with COVID-19 among age groups. Overall reported mortality of hospitalized KTR with COVID-19
(A) is 17% in studies with a mean age lower than 50 years, 23% in the age group 50-60 years, and 27% in studies reporting on age groups
older than 60 years. Occurrence of AKI (B) was lowest in the youngest age group (41%) and highest in the oldest groups (54%)

rates were lowest among studies with 50%-75% hypertension
prevalence, but heterogeneity in this subgroup was high, and
mortality rates did not differ significantly from the entire study

on the prevalence of diabetes.

population. Similarly, no clear trends for mortality or AKI inci-

dence were observed between subgroups of studies depending
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FIGURE 4 Effect of time between transplantation and COVID-19 diagnosis on outcome. KTR who received their kidney 15 months or
less before COVID-19 diagnosis appeared to have a (A) higher mortality risk compared to patients who received their kidney 16-60 or more
than 60 months before COVID-19 diagnosis, whereas the occurrence of (B) AKI was similar in all groups

3.3.6 | Treatment

Immunosuppressive maintenance therapy was reduced in the major-
ity of patients. Reductions in proliferation inhibitors appeared most
common, but reductions in CNI dosages were also commonly re-
ported. The exact modifications in immunosuppressive regime after
COVID-19 diagnosis were often not described, and we therefore did
not perform meta-analyses in subgroups for immunosuppressive

modifications.

Mortality rates did not differ significantly between subgroups
of studies depending on the proportion of hydroxychloroquine
use. Although insignificant, mortality rates were highest among
studies with <25% and >75% hydroxychloroquine use (Figure S4).
With regard to tocilizumab, there was a trend toward higher mor-
tality rates among studies with the highest proportions of tocili-
zumab use. It must be noted that studies in this subgroup were
all published in the earlier stages of the pandemic (May or June
2020).
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3.4 | Sensitivity analyses

Of studies including at least 100 KTR, 12 reported mortality rates,
and five reported incidence of AKI. The proportion of deaths in
these relatively large studies was similar to the population, including
all studies (estimated proportion of deaths: 24%; 95% Cl: 20%-30%).
AKIl incidence was also similar when including only the larger studies
(52%; 95% Cl: 47-56%). Notably, the study by De Jager et al.*® pro-
vided no information regarding the proportions of hospitalized pa-
tients, and the corresponding author has responded to us that there
is no such data available. This study, accounting for a large group of
patients, may therefore not be representative for the hospitalized
KTR population, which may explain their significantly lower mortal-

ity rates, compared to the other large studies.

3.5 | Risk of bias assessment

The risk of bias assessment is presented in Table S4. All studies were
single-arm studies and therefore did not compare the outcomes with
a non-exposed cohort. Common methodological shortcomings are
identified in the representativeness of the exposed cohort (e.g., a
selection of elderly patients). The outcomes of interests were com-
monly not adjusted for important confounders, such as age, gender,
and comorbidities, leading to potentially biased effect estimates.
In 49 studies (66%) the follow-up was considered long enough (i.e.,
30 days) for the outcomes of interest to occur and nine studies (12%)

had a high proportion of patients lost to follow-up (i.e., 210%).

4 | DISCUSSION

To the best of our knowledge, this is the most comprehensive and
up-to-date systematic review and meta-analysis of COVID-19 in
KTR, including 74 studies with a total of 5559 KTR with COVID-19.
The study population included 64% males, with a mean age of
58 years, and a mean time after transplantation of approximately
6 years. Immunosuppressive therapy was modified in most KTR after
COVID-19 diagnosis. KTR who were hospitalized with COVID-19
had a poor prognosis compared to the general population regardless
of sex, age, comorbidities, and treatment modality, with a mean mor-
tality rate of approximately 23%. AKI affected up to half of the in-
cluded patients, although it was inconsistently reported. There was
a trend towards lower mortality rates, but not towards lower AKI
incidence, in studies submitted from July 2020 onwards, compared
to studies that were submitted until June 2020. No significant differ-
ences were observed in mortality rates and AKl incidence depending
on geographical region.

Compared to an age-matched population, the mortality rate
among KTR included in this meta-analysis was approximately 4-10
times higher.17 Additionally, mortality rates in our analyses were
approximately 1.5 times higher compared to other hospitalized pa-

18,19

tients, which is a more adequate comparison since most included

KTR in our meta-analysis were hospitalized. This finding is supported
by studies directly comparing matched patients with similar comor-
bidities with and without kidney transplantation.zo’21

Although studies including individual patient data indicate that
age, poor baseline kidney graft function and other comorbidities are
independently associated with an increased risk of mortality among
KTR,?? we were limited in analyzing these factors, due to suboptimal
reporting, and the fact that we performed the meta-analyses solely
on mean effect estimates as opposed to individual patient data.

Recent studies have shown that mortality rates among hospital-
ized COVID-19 patientsin England and the USA decreased drastically
over time, especially in the second half of 2020, when the value of
corticosteroids in COVID-19 became increasingly clear.®? A similar
pattern of decreasing mortality rates was observed in our analyses,
although the decrease was less striking and did not reach statisti-
cal significance. In contrast, the incidence of AKI appeared slightly
higher in the subgroup of studies submitted after July 1st 2020, but
the difference between the groups was not statistically significant.
The inverse relation between the observed trends, suggesting de-
creased mortality rates and increased incidence of AKI, may well be
explained by the overall improved care and associated outcomes for
COVID-19 patients,ls'19 providing the window for patients, including
KTR, to develop COVID-19-induced AKI. No significant differences
with regard to AKI or mortality were present between geographical
regions, with the important notice that developing regions including
South America, Africa, West and South East Asia were underrepre-
sented in global literature on COVID-19 in KTR.

The incidence of AKI was described in less than 60% of included
studies. Based on these studies, the incidence of AKI in KTR hospi-
talized with COVID-19 appeared high compared to estimates in hos-
pitalized patients with COVID-19 in general.?>?? The high incidence
of AKlin COVID-19 is in part attributed to direct pathological effects
of SARS-CoV-2 on the kidneys, but also by the systemic immune re-
sponse with hypercoagulation, and coexistent hypovolemia and hy-
poxia.>° Although the incidence of AKI in hospitalized patients with
COVID-19 has been shown to drastically worsen prognosis,23 our
study could not adequately assess AKI as a risk factor for COVID-19
mortality among KTR, because of the lack of individual patient data.
However, the deleterious effects of AKI on both kidney and the pa-
tient outcomes may be even higher among KTR compared to the
general population. Both short-term and long-term kidney graft out-
comes should therefore be described in future studies.

The importance of studies into long-term kidney graft outcomes
is highlighted by a recent study among approximately 4000 hospi-
talized (non-KTR) COVID-19 patients in the USA, which showed
that less than one-third of the population had full recovery of kid-
ney function by the time of discharge,26 In addition, accumulating
evidence suggests that COVID-19-associated AKI may be more
deleterious than non-COVID-19-associated AKI.3! These long-term
effects on kidney function maybe even more detrimental among
KTR, given their pre-existent limited kidney function, frequent
comorbidities and possible detrimental effects of immunosuppres-
sion reduction during the infection. However, despite the clinical
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TABLE 1 Essential variables to be reported in studies on KTR
Variable Reported
Baseline kidney function <10/74
Kidney function at discharge <10/74
BMI 28/74
Specified immunosuppressive regimen 63/74*
Changes in immunosuppressive regimen 61/74*
Occurrence of AKl including definition according to 42/74

KDIGO or RIFLE guidelines

Time between transplantation and event 53/74
Renal outcome (rejection/graft loss) 16/74

Recommended variables related to kidney function and transplantation,
and the illustrative occurrence of these variables in studies included

in this systematic review (*: only partial information available in most
studies).

relevance, very few studies have reported kidney function at base-
line and after recovery from COVID-19 in KTR (Table 1). Future
cohort and registry studies should report these figures, in order to
more adequately assess the long-term kidney graft outcome among
KTR after COVID-19.

In general, the studies included in this systematic review and
meta-analysis provided limited data on anthropometrics, base-
line kidney function, immunosuppressive (maintenance) therapy,
changes in immunosuppressive therapy, and renal outcomes includ-
ing AKI, the necessity of kidney replacement therapy, and graft fail-
ure. However, these measures and outcomes are essential to be able
to compare KTR populations, and to robustly assess and compare
treatment effects. In addition, transplant populations and transplant
care vary per country, and even per hospital, which is further re-
flected by the high heterogeneity among the included studies. We
therefore strongly urge scientists and scientific journals to consis-
tently provide information regarding mentioned patient characteris-
tics and immunosuppressive therapy. The use of online supplemental
materials may be suitable for this purpose.

4.1 | Strengths and limitations

With this systematic review and meta-analysis, we appraised all
clinical evidence on COVID-19 in KTR until January 2021. This study
provides robust evidence on the clinical course of COVID-19 in KTR.
In contrast with our initial study protocol, we decided to exclude
case reports and case series describing fewer than five patients to
reduce publication and selection bias. However, this exclusion has
slightly decreased the number of included patients. The sensitiv-
ity analyses that we performed in the larger studies with less risk
of these sources of bias, showed similar rates of mortality and AKI,
which is reassuring with regard to the validity of the other analyses.
Nevertheless, selection and publication bias remains an important
concern, also in the current meta-analysis. In addition, because of
the lack of individual patient data and the observational nature of

the included studies, only descriptive statistics but no causal evi-
dence could be provided with this review. Also, the large hetero-
geneity in patient characteristics (e.g., age and comorbidities) and
study design characteristics (e.g., sample size and follow-up) among
the different studies highlights the need for prudence in the extrap-
olation of these results to specific populations. Given that we solely
included KTR in our meta-analyses, we cannot formally compare our
results with the risk of dying of COVID-19 in the general population
or non-KTR patients with CKD. The question remains whether the
general population, or a population with specific characteristics (age,
comorbidities) would be the correct control population for COVID-
19-infected KTR.3? Finally, our risk of bias analysis suggests that
common methodological shortcomings are identified in the included
studies and we stress the importance of adjusting effect estimates
for important confounders and an adequate follow-up with good

retention.

5 | CONCLUSION

The risk of mortality is high among KTR, compared to the general
population, regardless of sex, age and reported comorbidities, un-
derlining the urge for accelerated vaccination programs for KTR.
Evidence on long-term kidney graft function after COVID-19 recov-
ery is scarce. Given the heterogeneity in the KTR population and
global transplant care, researchers should consistently report an-
thropometrics, baseline kidney function, immunosuppressive ther-
apy, and kidney graft outcomes including AKI and kidney function
after recovery in the current pandemic, and in any potential future
pandemics.
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