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Abstract: Herein, we performed a meta-analysis of published clinical outcomes of corona virus
disease 2019 (COVID-19) in hospitalized kidney transplant recipients. A systematic database search
was conducted between December 1, 2019 and April 20, 2020. We analyzed 48 studies comprising
3137 kidney transplant recipients with COVID-19. Fever (77%), cough (65%), dyspnea (48%), and
gastrointestinal symptoms (28%) were predominant on hospital admission. The most common
comorbidities were hypertension (83%), diabetes mellitus (34%), and cardiac disease (23%). The
pooled prevalence of acute respiratory distress syndrome and acute kidney injury were 58% and 48%,
respectively. Invasive ventilation and dialysis were required in 24% and 22% patients, respectively.
In-hospital mortality rate was as high as 21%, and increased to over 50% for patients in intensive
care unit (ICU) or requiring invasive ventilation. Risk of mortality in patients with acute respiratory
distress syndrome (ARDS), on mechanical ventilation, and ICU admission was increased: OR = 19.59,
OR = 3.80, and OR = 13.39, respectively. Mortality risk in the elderly was OR = 3.90; however, no such
association was observed in terms of time since transplantation and gender. Fever, cough, dyspnea,
and gastrointestinal symptoms were common on admission for COVID-19 in kidney transplant
patients. Mortality was as high as 20% and increased to over 50% in patients in ICU and required
invasive ventilation.

Keywords: COVID-19; kidney transplantation; SARS-CoV-2

1. Introduction

The initial strain of coronavirus, severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), is highly transmissible and has led to a global pandemic afflicting around
sixty-five million people in the first year. To date, the reported mortality rate is 2–6%, but
rises to as high as 26% among hospitalized patients and represents a significant health con-
cern in the elderly and populations with underlying comorbidities [1–3]. The implications
of immunosuppression in the context of both SARS-CoV-2 infection and potential donor
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transmission are still being explored [4,5]. This uncertainty contributed to the decline in the
kidney transplantation services during the initial stage of pandemic due to unquantified
but potential high risk of morbidity and mortality [6,7]. On the other hand, pre-COVID-19,
chronic kidney disease patients on dialysis are particularly vulnerable with an approxi-
mately ten-fold higher risk of mortality than the general population [8,9]. Consequently,
Boyarsky et al. [10] recently reported a 2.2-fold (95% CI, 1.88–2.62) increase in mortality
for patients in the United States on the kidney transplantation waitlist during the early
part of the pandemic according to the Scientific Registry of Transplant Recipients data.
Given the significant overall mortality benefit following kidney transplantation for patients
with end stage renal disease (ESRD), there is unprecedented need and urgency to quantify
the risk of SARS-CoV-2 infection in these patients before and after transplant [10]. The
objective of this meta-analysis was to better understand the clinical course of COVID-19 in
kidney transplant recipients and to identify factors associated with clinical outcomes and
mortality. Furthermore, this systematic review focuses on the understanding of attributes
influencing mortality following COVID-19 in kidney transplant recipients in contrast to
general population and chronic kidney disease patients.

2. Materials and Methods
2.1. Search Strategy

We performed a systematic literature search of articles indexed in PubMed, EMBASE,
MedRxiv, Cochrane, Crossref, Scopus, and clinical trial registries. The search strategy was
based on recommendations from the Cochrane Handbook for Systematic Reviews of Inter-
vention and reported according to the guidelines of meta-analysis of observational studies
in epidemiology [11]. The following MeSH terms were used: “COVID-19” AND “kidney
transplantation”; “Coronavirus” AND “kidney transplantation”; “COVID-19” AND “kid-
ney transplantation” AND “mortality”; “COVID-19” AND “kidney transplantation” AND
“clinical outcomes”. We performed additional free texts searches including renal trans-
plantation as applicable. The initial database search was performed on 10 November 2020.
Additional studies were identified via a manual search of preprints, case reports, abstracts,
bibliographies, and a citation list of relevant articles using the free search terms “2019
novel coronavirus”, “SARS-CoV-2”, and “2019-nCoV infection”. The additional search
was completed on 20 April 2020. This study was registered in PROSPERO, which is an
international database of prospectively registered systematic reviews (CRD42020189637).

2.2. Inclusion and Exclusion Criteria

All observational studies available in the literature pertaining to COVID-19 and kidney
transplantation were included. All other articles or publication types including editorials,
letters, reviews, case reports, case series with less than five cases, and articles with duplicate
data were excluded. The selected studies were reviewed and the following parameters were
extracted: clinical presentation, severity of respiratory disease, hospital admission, rate
of intensive care unit (ICU) admission, diagnosis of acute respiratory distress syndrome
(ARDS), need for mechanical ventilation, presence of acute kidney injury (AKI), need for
renal replacement therapy (RRT), changes in white cell count (WBC), laboratory evidence of
inflammation (e.g., ESR, CRP), modifications to the immunosuppressive regimen, whether
other treatment was administered, presence of graft rejection, and mortality. Furthermore,
since older age, male gender, and impact of time since transplantation were evaluated
to determine the mortality risk in regard to these factors [12,13]. In addition, mortality
risk was computed following COVID-19 in a setting of chronic kidney disease (CKD)
patients on waitlist/dialysis or both with respect to kidney transplant recipients. Preferred
Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) guidelines were
used to complete the search and the article selection. Figure 1 demonstrates the PRISMA
flowchart and identifies the number of search results, articles meeting criteria, and articles
selected for data extraction.
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Two separate physician reviewers, KJ and IR, employed a two-stage method to inde-

pendently screen the identified articles using a shared online form. During the initial review, 
the titles and abstracts were evaluated for the purpose of excluding ineligible articles. Dur-
ing the secondary review, the full or limited text (e.g., posters) were reviewed. In case of a 
discrepancy between the two initial reviewers, the items were discussed until a consensus 
was achieved with a third reviewer serving as the arbitrator (PW). Pre-defined data were 
extracted from the articles meeting criteria into a dataset and preliminary descriptive statis-
tical analysis was performed to generate central tendency (i.e., mean or median) and disper-
sion (i.e., 95% CI, IQR or range) for continuous variables. In scenarios where reported means 
and standard deviations of the variables of interest were not available (i.e., not reported in 
the identified articles), the values were inputted from the reported statistics (i.e., median, 
IQR or range) [14,15]. Heterogeneity among included studies was investigated using I2-sta-
tistics and classified in the following fashion: I2 of ≤25% was interpreted as low heterogene-
ity; I2 of 25–75% indicated moderate heterogeneity, and ≥75% was interpreted as higher 
heterogeneity [16]. Due to the heterogeneity of data within individual studies, and between 
different studies, the pooled prevalence of all attributes was calculated using the random-

Figure 1. Search strategy and study selection used in this systematic review as per the
PRISMA protocol.

2.3. Data Extraction

Two separate physician reviewers, KJ and IR, employed a two-stage method to in-
dependently screen the identified articles using a shared online form. During the initial
review, the titles and abstracts were evaluated for the purpose of excluding ineligible
articles. During the secondary review, the full or limited text (e.g., posters) were reviewed.
In case of a discrepancy between the two initial reviewers, the items were discussed until a
consensus was achieved with a third reviewer serving as the arbitrator (PW). Pre-defined
data were extracted from the articles meeting criteria into a dataset and preliminary descrip-
tive statistical analysis was performed to generate central tendency (i.e., mean or median)
and dispersion (i.e., 95% CI, IQR or range) for continuous variables. In scenarios where
reported means and standard deviations of the variables of interest were not available
(i.e., not reported in the identified articles), the values were inputted from the reported
statistics (i.e., median, IQR or range) [14,15]. Heterogeneity among included studies was
investigated using I2-statistics and classified in the following fashion: I2 of ≤25% was
interpreted as low heterogeneity; I2 of 25–75% indicated moderate heterogeneity, and
≥75% was interpreted as higher heterogeneity [16]. Due to the heterogeneity of data within
individual studies, and between different studies, the pooled prevalence of all attributes
was calculated using the random-effect model in STATA/SE 16 (Stata, College Station,
TX, USA). The risk of bias for observational studies was appraised through the quality
assessment tool published by the National Institutes of Health (i.e., Quality Assessment
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Tool for Case Series Studies) [17], which is the preferred tool for assessments of risk of bias
in systematic reviews registered in the PROSPERO protocols (Figure 2) [18].
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3. Results
3.1. Search Results

The primary literature search yielded a total of 216 articles meeting the preliminary
selection criteria. After careful evaluation, 168 articles were removed based on the exclusion
criteria as detailed above. In the case of duplicate publications, the most recent available
data were considered and included in the analysis. After the resolution of differences be-
tween reviewers and removal of duplicate reports, all available observational retrospective
studies and case series were selected for data extraction [19–66]. This process identified
48 individual studies reporting a total of 3137 renal transplant patients with COVID-19
from 12 different countries located in North America, Europe, and Asia (Tables A1–A3).
The detailed results of the meta-analysis are presented below.

3.2. Demographic Data

The pooled estimated mean age of the patients was 57.08 years (95% CI 54.55–59.03
years). The gender distribution in the reported data population was 66% (95% CI 61–70%)
male. The post-transplant period was reported in 33 studies with a mean of 7.06 years
(95% CI, 5.91–9.02 years). Of these, 17 studies provided sufficient data to assess the time
between kidney transplantation and the diagnosis of COVID. Overall, 66.3% (827/1248) of
COVID-19 positive patients were more than 1–2 years post kidney transplant and 33.7%
(421/696) were within 1–2 years of transplantation. Duration of COVID-19 symptoms
before hospitalization was inconsistently reported and thus not analyzed.

3.3. Comorbidities

Meta-analysis utilizing a random-effects model was performed in order to identify the
effect size (ES) of comorbidities in kidney transplant recipients with confirmed COVID-19
and expressed as a percentage. The estimated pooled prevalence of individual comorbidi-
ties is presented in Table A4. Type 2 diabetes mellitus (T2DM) was reported in 33 studies,
in 621 out of 1785 patients with COVID-19 equating to a pooled prevalence of 34% (95%
CI, 29–40%). Hypertension was determined from data available in 32 studies, with 1404
cases of hypertension out of 1733 COVID-19 patients, resulting in a prevalence of 83% (95%
CI, 78–88%). Overall, the prevalence of COVID-19 was 23% (95% CI, 17–28%) in kidney
transplant recipients with underlying heart disease. Based on 14 studies, the estimated
pooled prevalence of obesity was 36% (95% CI, 26–46%); positive smoking status 15% (95%
CI, 10–20%); chronic lung disease 15%, (95% CI, 5–24%); and malignancy 8% (95% CI,
6–11%).

3.4. Clinical Characteristics and Laboratory Results

The pooled estimate, with 95% CI was determined via random-effect analysis of the re-
ported proportions. The most predominant clinical feature reported during hospitalization
was fever, which was identified in 77% (95% CI, 72–81%) of patients, followed by cough
65% (95% CI, 61–69%), dyspnea 48% (95% CI, 42–53%), and gastrointestinal symptoms
29% (95% CI, 25–34%). Several articles have noted that higher levels of inflammatory
markers equate with increased disease severity and a poor prognosis in COVID-19 infected
patients [67]. The pooled proportion of patients with lymphocytopenia (<1000 cells/mm3)
and high CRP (>5 mg/dL) was 79% (95% CI, 70–89%) and 60% (95% CI, 35–84%), respec-
tively. The pooled prevalence of radiological evidence of pneumonia was documented in
81% (95% CI, 74–88%) of patients (Table A4).

3.5. Immunosuppression Modulation and COVID-19 Drug Treatment

The pooled prevalence of patients who received hydroxychloroquine and tocilizumab
was 73% (95% CI, 66–80%) and 21% (95% CI, 16–26%), respectively (Table A4). Data from
relevant studies reporting modifications to immunosuppression were extracted and ana-
lyzed. Mycophenolate mofetil/mycophenolic acid (MMF/MPA) was the most commonly
withheld or reduced immunosuppressive medication in 91% (95% CI, 88–94%) of patients
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followed by CNI 43% (95% CI 30–56%). Additionally, pulse steroids were administered in
40% (95% CI, 30–50%) of patients.

3.6. Disease Severity and Mortality

Based upon data available in the analyzed studies, the pooled prevalence of COVID-
19 associated hospital mortality was 21% (95% CI, 19–24%) for inpatients (718 of 3137)
with a significantly higher mortality of 53% (95% CI, 44–63%) among patients admitted
to the intensive care unit (ICU) (184 of 355) (p < 0.0001) (Figure 3a,b). An ICU admission
was required in 26% (95% CI, 22–30%) of kidney transplant recipients hospitalized with
COVID-19, albeit data might not be representative of the actual requirement of ICU-level
care due to limited availability in the midst of the global pandemic (Figure 3c). The pooled
prevalence of ARDS and AKI in COVID-19 infection was 58% (95% CI, 48–69%) and 48%
(95% CI, 43–53%), respectively (Figure 3d). Similarly, the pooled prevalence of mechanical
ventilation was 24% (95% CI, 20–28%) (Figure 3e) and of dialysis was 22% (95% CI, 16–29%).
Furthermore, the mortality among those who required mechanical ventilation was 68%
(95% CI, 58–79%) for inpatients (206/285) (Figure 3f).

J. Clin. Med. 2021, 10, x FOR PEER REVIEW 7 of 56 
 

 

 
(a) 

Figure 3. Cont.



J. Clin. Med. 2021, 10, 4533 7 of 39
J. Clin. Med. 2021, 10, x FOR PEER REVIEW 8 of 56 
 

 

 
(b) 

 
(c) 

Figure 3. Cont.



J. Clin. Med. 2021, 10, 4533 8 of 39
J. Clin. Med. 2021, 10, x FOR PEER REVIEW 9 of 56 
 

 

 
(d) 

 
(e) 

Figure 3. Cont.



J. Clin. Med. 2021, 10, 4533 9 of 39
J. Clin. Med. 2021, 10, x FOR PEER REVIEW 10 of 56 
 

 

(f) 

Figure 3. (a) Pooled prevalence of in-hospital mortality in kidney transplant recipients diagnosed with corona virus dis-
ease 2019 (COVID-19). In-hospital mortality was outlined in 718/3137 patients (48 studies). The vertical red dashed line 
represents the overall mean effect size of the studies (0.22) and prevalence of 22%. The edges of the blue diamond represent 
95% confidence intervals (0.19–0.24); (b) Pooled prevalence of intensive care unit (ICU) mortality in kidney transplant 
recipients diagnosed with COVID-19. ICU mortality was outlined in 184/355 patients (24 studies). The vertical red dashed 
line represents the overall mean effect size of the studies (0.53) and prevalence of 53%. The edges of the blue diamond 
represent 95% confidence intervals (0.44–0.63); (c) Pooled prevalence of intensive care unit (ICU) admission in kidney 
transplant recipients diagnosed with COVID-19. ICU admission data were required in 570/2439 patients (37 studies). The 
vertical red dashed line represents the overall mean effect size of the studies (0.26) and a prevalence of 26%. The edges of 
the blue diamond represent 95% confidence intervals (0.22–0.30); (d) Pooled prevalence of acute respiratory distress syn-
drome (ARDS) in kidney transplant recipients diagnosed with COVID-19. ARDS was present in 197/344 patients as re-
ported in 13 studies. The vertical red dashed line represents the overall mean effect size of the studies (0.58) and a preva-
lence of 58%. The edges of the blue diamond represent 95% confidence intervals (0.48–0.69); (e) Pooled prevalence of 
mechanical ventilation requirement in kidney transplant recipients diagnosed with COVID-19. Mechanical ventilation 
was needed in 433/1848 patients (33 studies). The vertical red dashed line represents the overall mean effect size of the 
studies (0.24) and prevalence of 25%. The edges of the blue diamond represent 95% confidence intervals (0.20–0.28); (f) 
Pooled prevalence of mortality while on invasive ventilation in kidney transplant recipients diagnosed with COVID-19. 
Mortality in patients requiring invasive ventilation was 206/285 as reported (24 studies). The vertical red dashed line repre-
sents the overall mean effect size of the studies (0.68) and prevalence of 68%. The edges of the blue diamond represent 95% 
confidence intervals (0.58–0.79). 

Moreover, a group-wise comparison was made to determine the association of mor-
tality and ARDS in the index population. The analysis revealed significantly higher risk 
of mortality in COVID-19 patients with ARDS in contrast to patients without ARDS (OR 
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Figure 3. (a) Pooled prevalence of in-hospital mortality in kidney transplant recipients diagnosed with corona virus disease
2019 (COVID-19). In-hospital mortality was outlined in 718/3137 patients (48 studies). The vertical red dashed line
represents the overall mean effect size of the studies (0.22) and prevalence of 22%. The edges of the blue diamond represent
95% confidence intervals (0.19–0.24); (b) Pooled prevalence of intensive care unit (ICU) mortality in kidney transplant
recipients diagnosed with COVID-19. ICU mortality was outlined in 184/355 patients (24 studies). The vertical red dashed
line represents the overall mean effect size of the studies (0.53) and prevalence of 53%. The edges of the blue diamond
represent 95% confidence intervals (0.44–0.63); (c) Pooled prevalence of intensive care unit (ICU) admission in kidney
transplant recipients diagnosed with COVID-19. ICU admission data were required in 570/2439 patients (37 studies).
The vertical red dashed line represents the overall mean effect size of the studies (0.26) and a prevalence of 26%. The edges
of the blue diamond represent 95% confidence intervals (0.22–0.30); (d) Pooled prevalence of acute respiratory distress
syndrome (ARDS) in kidney transplant recipients diagnosed with COVID-19. ARDS was present in 197/344 patients
as reported in 13 studies. The vertical red dashed line represents the overall mean effect size of the studies (0.58) and a
prevalence of 58%. The edges of the blue diamond represent 95% confidence intervals (0.48–0.69); (e) Pooled prevalence of
mechanical ventilation requirement in kidney transplant recipients diagnosed with COVID-19. Mechanical ventilation was
needed in 433/1848 patients (33 studies). The vertical red dashed line represents the overall mean effect size of the studies
(0.24) and prevalence of 25%. The edges of the blue diamond represent 95% confidence intervals (0.20–0.28); (f) Pooled
prevalence of mortality while on invasive ventilation in kidney transplant recipients diagnosed with COVID-19. Mortality
in patients requiring invasive ventilation was 206/285 as reported (24 studies). The vertical red dashed line represents
the overall mean effect size of the studies (0.68) and prevalence of 68%. The edges of the blue diamond represent 95%
confidence intervals (0.58–0.79).

Moreover, a group-wise comparison was made to determine the association of mortality
and ARDS in the index population. The analysis revealed significantly higher risk of mortality
in COVID-19 patients with ARDS in contrast to patients without ARDS (OR = 19.59; 95% CI,
6.64–57.78) (Figure 4a). Similarly, our analysis showed a significantly higher mortality risk
in kidney transplant recipients on mechanical ventilation following COVID-19 (OR = 3.80;
95% CI, 2.35–6.14) (Figure 4b). Furthermore, our analysis demonstrated a significantly higher
mortality risk in patients’ receiving ICU care (OR = 13.39; 95% CI, 7.27–24.68) (Figure 4c).
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comparison to kidney transplant recipients and analysis demonstrated no significant in-
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Figure 4. (a) Forest plot depicting COVID-19 associated mortality risk in kidney transplant recipients with ARDS in contrast
to no ARDS. The diamond shows increased risk in patients with ARDS, OR = 19.59 (red dashed line). The edges of the
blue diamond represent 95% confidence intervals (6.64–57.78). ARDS: Acute respiratory distress syndrome; (b) Forest plot
depicting COVID-19 associated mortality risk in kidney transplant recipients on invasive ventilation in contrast to not on
invasive ventilation. The diamond shows increased risk in patients receiving invasive ventilation, OR 3.80 represented
by red dashed line with the edges of the blue diamond representing 95% confidence intervals (2.35–6.14); (c) Forest plot
depicting COVID-19 associated mortality risk in kidney transplant recipients receiving critical care in contrast to hospital
admission without critical care. The diamond shows increased risk in patients receiving critical care group, OR 13.39
represented by red dashed line with the edges of the blue diamond representing 95% confidence intervals (7.27–24.68). OR:
Odds ratio.

Additionally, a group-wise comparison of mortality was conducted for the following
attributes: age (≥60 years vs. <60 years), time since kidney transplantation (<2 years vs. ≥2
years), and reported gender (male vs. female). The odds ratio of COVID-19 related death
was significantly higher in the age group ≥60 years (OR = 3.90; 95% CI, 2.56–5.94); however,
neither such association existed for time since transplant (i.e., ≥2 years) (OR = 1.37; 95% CI,
0.72–2.58) nor for gender (OR = 0.71; 95% CI, 0.50–1.01) (Figure 5a–c).
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kidney transplant recipients. The diamond shows no increased risk between the groups; OR 0.71 represented by vertical red
dashed line with the edges of the blue diamond representing 95% confidence intervals (0.50–1.01). OR: Odds ratio.

Based upon the availability of data in the included studies, comparative mortality
risk following COVID-19 was assessed in CKD patients on the waitlist or on dialysis
in comparison to kidney transplant recipients and analysis demonstrated no significant
increased risk OR = 1.24 (95% CI, 0.92–1.66) (Figure 6).
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4. Discussion

Kidney transplantation provides benefits of improved quality of life and reduced
mortality compared to other renal replacement therapies [68–70]. Since the beginning of
the pandemic, there has been sense of disquietude that kidney transplant recipients might
predispose to abysmal outcomes after SARS-CoV-2 infection and as the pandemic evolved,
most policy-makers have advised minimizing social contacts. A detailed understanding
of COVID-19 susceptibility, disease process and outcomes has been essential to create a
customized health advice to this subset of population.

First, transplant-associated immunosuppression renders patients generally at an
increased risk of infection. Early reports suggest that risk is also true for SARS-CoV-
2. Second, SARS-CoV-2 has been shown to have an affinity for angiotensin converting
enzyme 2 (ACE2) receptors, which are predominantly found in the lungs and kidneys and
this may be partially responsible for organ injury secondary to the infection. Additionally,
uncertainty and fear of the sequalae of COVID-19 infection have resulted in a significant
decline in renal transplantation, particularly during the initial stage of the pandemic [4,5].

The exact mechanism by which the viral infection causes kidney injury has not been
elucidated. One leading proposed mechanism is that the virus causes direct damage
to the renal tubular epithelium and podocytes via an angiotensin converting enzyme 2
mediated process, which leads to a cascade of mitochondrial dysfunction, acute tubular
necrosis, formation of protein resorption vacuoles, protein leakage in Bowman’s capsule,
and collapsing glomerulopathy [71,72]. Viremia may also directly lead to the damage
of endothelial cells in the kidney [73]. The severe inflammatory response in the setting
of dysregulated immune activation and a cytokine syndrome following SARS-CoV-2
infection might prompt acute respiratory syndrome, septic shock, and multi-organ failure
including acute renal failure [74]. Other contributing factors include macrophage activation
syndrome, endothelilitis, and hypercoagulability, leading to microthrombus formation,
micro-embolism, and rhabdomyolysis [75].

Some insights into the mechanism of injury may be elucidated by analysis of the
clinical evolution of infected patients. According to the WHO–China joint commission
report on COVID-19 in the general population, fever (88%) and cough (68%) are reported
to be the most common initial symptoms [76]. Interestingly, despite a decreased immune
response secondary to chronic immunosuppression, we observed a similar rate cough
(65%) among kidney transplant recipients with COVID-19. However, our analysis revealed
a lower prevalence of fever (77% vs. 88%), but higher prevalence of dyspnea (48% vs.
18.6%) and gastrointestinal symptoms (29% vs. 3.7%) when compared to the general
population studied in the WHO report [76]. A plausible explanation of the lower prevalence
of fever could be because of the immunosuppressive state, whilst higher prevalence of
gastrointestinal symptoms in the index cohort might be due to an exacerbation of the known
toxic effects of antimetabolites on the gastrointestinal tract. Furthermore, the increased
frequency of dyspnea in kidney transplant (KT) recipients could be compounded by the
10-fold higher prevalence of chronic lung disease (15%) among KT recipients compared to
1.5% in the general population with COVID-19 [77].

The mortality rate of SARS-CoV-2 in hospitalized patients as reported in recent meta-
analysis of 14 studies was 4.8% [13]. Importantly, several risk factors for increased mortality
have been identified including male sex (ORs = 1.50), advanced age (ORs = 4.59), hyperten-
sion (ORs = 2.70), cardiac disease (CVDs) (ORs = 3.72), T2DM (ORs = 2.41), lung disorders
(ORs = 3.53), or malignancy (ORs = 3.04) [13]. The observed mortality rate among kidney
transplant recipients hospitalized due to COVID-19 in our meta-analysis was 21%; although
there have been wide inconsistencies throughout the literature regarding mortality data as
several studies have been published upon in-complete follow-up, hence mortality figures
could be higher and future studies with complete follow-up are required to completely
elucidate the disease process.

Multitudes of studies have outlined the association of higher case-fatality with COVID-
19 to increased prevalence of comorbidities [78–80]. Yang et al. performed a meta-analysis
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of seven studies including 1576 patients with COVID-19 and determined that the most
common comorbidities were hypertension (21.1%), diabetes (9.7%), cardiovascular disease
(8.4%), and chronic lung disease (1.5%) [77]. Our meta-analysis demonstrated over ~3–4
fold higher prevalence of these comorbidities among kidney transplant recipients and
COVID-19 with numbers being 83% for hypertension, 34% for T2DM, 23% for cardiac
disease, and 15% or ~10 fold higher for chronic lung diseases. When considering the
attributed risk of age, our analysis revealed a statistically significant heightened risk in
the elderly population (OR 3.90) with no increased risk when comparing sex and time
since transplant after which infection was acquired. Thus, this group remains a vulnerable
population due to increasing age and associated comorbidities.

Some reports have demonstrated that the natural course of COVID-19 may lead to
multiorgan failure in certain subsets of the population. with regard to renal injury, a recent
meta-analysis reported that 17% (0.5–80.3%) of patients had acute kidney insufficiency
(AKI) with 5% (0.8–14.7%) requiring hemodialysis (HD) [81]. However, the observed
prevalence of AKI and HD requirement in our study was much higher (i.e., 48% and 22%,
respectively). These findings are consistent with factors specific for kidney transplant
recipients including lower functional reserve of kidney allograft, and the toxic effect
of tacrolimus in combination with increased susceptibility to prerenal causes of renal
dysfunction (dehydration, hypotension, and metabolic disarray), which are absent in the
general population.

For COVID-19 patients, clinical outcomes in kidney transplant recipients are worse
than in non-transplant patients overall, however, they seem to be comparable to patients
with end stage renal disease (ESRD). Two studies from the same medical center in New
York City, NY reported a comparable case-fatality rate of 25% for both ESRD or kidney
transplant recipient COVID-19 positive patients [82,83].

The high comorbidity rate in ESRD patients and kidney transplant recipients are well-
recognized attributes, resulting in a similarly elevated risk of acute organ injury during
SARS-CoV-2 infection, and also a consequently higher mortality risk than the general
population [78,84–86]. A retrospective study involving 3988 critically ill patients from
Lombardy, Italy reported increased mortality in CKD patients (i.e., 41 (78.8%) out of 52
patients and univariate analysis revealed HR 2.78 (95% CI; 2.19–3.53) [87]), although our
meta-analysis demonstrated no significant increased mortality risk (OR = 1.24; 95% CI,
0.92–1.66) when both were compared. Fortunately, this observation demands further stud-
ies as recent study from NHS England “OpenSAFELY” has outlined causal factors for
10,926 COVID-19 related deaths and reported CKD as an important attribute for mortality.
Furthermore, when the data from the CKD subgroups were compared, ESRD and CKD at
stage 5 (HR 2.52) were found to be associated with higher COVID-19 related mortality than
other isolated chronic ailments such as hypertension, obesity, cardiac disease, or chronic
respiratory disease [88]. However, the risk of contracting SARS-CoV-2 in patients attending
dialysis sessions three times a week (and cumulative risk from inherent comorbidities of
not being transplanted) needs to be weighed against risk of immunosuppression, espe-
cially in acute transplantation. For the latter, the risk of surgery, cardiovascular mortality,
infection, and increased immunosuppression burden will be elevated for some months
before reaching equipoise.

A summary of studies outlined outcomes in critically ill COVID-19 patients and
reported a higher mortality for the non-transplanted patients. The mortality rate among
over 10,000 critically ill non-transplant patients was reported to be as high as 41% in a
meta-analysis of 24 studies by Armstrong et al. [89]. However, critical care unit mortality
for patients with similar characteristics in a transplant cohort reached as high as 53% with
a stepwise increase in frequency of ICU admission (26%), invasive ventilation (24%), and
mortality of 68% whilst on a mechanical ventilator. The estimated prevalence of ARDS in
our meta-analysis was 58% (95% CI, 48–69%) and 24% of KT patients required invasive
ventilation, which was comparable to the non-transplant patient cohorts in which 41.8% of
201 hospitalized COVID-19 patients developed ARDS [85] with the number rising to 68%
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in critical care settings [79]. Thus, the trajectory of mortality in kidney transplant recipients
showed a significant upward trend, with those requiring critical care support and was
further high in patients with respiratory failure, although explicit details underpinning this
observation remain elusive. However, it is plausible that the hypercoagulable state of CKD
along with pulmonary thromboembolic disease of critical COVID-19 are mounting the risk
of thrombotic complication and increased mortality. Hence, enhanced thromboembolic
prophylaxis should be considered in hospitalized cohorts of COVID-19 patients, although
at present, wide variations in clinical guidelines exist and unified disease management
protocol with risk stratification are yet to be established.

Inefficiency of the health system in response to the initial face of the pandemic, in
addition to major concerns about the detrimental effect of the immunosuppression on
a clinical course of COVID-19, has led to halting kidney transplantation procedures in
most programs globally. However, delaying kidney transplantation also has negative
consequences. A recent study reported a 2.2-fold rise in mortality rate in CKD patients on
the wait-list for transplantation during the ongoing pandemic [10]. A study of the Spanish
Society of Nephrology Registry reported higher rates of SARS-CoV-2 infection and a 23%
mortality rate among ESRD patients on hemodialysis [90]. Moreover, no direct evidence is
available to suggest that immunosuppression has a negative effect on the clinical course
of COVID-19 in kidney transplant recipients and hence, despite the on-going pandemic,
clinical transplantation services around the world have largely resumed following the
initial interruption. Of note, most of the reports included in our metanalysis presented
outcomes during the first phase of the pandemic and the high mortality rates reported
may also be related to the transient but drastic limitations of vital resources like critical
care capacity [89]. At the same time, COVID-19 vaccines were not available and the Delta
variant not described. Therefore, our study provides insight on the impact of COVID-19
on kidney transplant population in such conditions. Nevertheless, it provides valuable
information and may serve as a reference for future studies assessing the impact of patient
vaccination as well as the Delta variant of COVID-19 in the kidney transplant population
in the future.

At the beginning of the pandemic, SARS-CoV-2 infection was thought to pose a sig-
nificant challenge for kidney transplant recipients due to the immunosuppressive state;
however, the current understanding suggests that the immunosuppression by itself does
not seem to confer an increased risk of poor outcome in SARS-CoV-2 infection, which is
consistent with other observations. First, typical immunosuppression for kidney transplant
recipients primarily limits the adaptive immune response rather than the innate response,
with the latter seeming primary in determining COVID-19 outcome. The only form of
immunosuppression strongly linked with poor outcomes identified to date is of specific
deficits in the type I interferon innate response. Second, reactive corticosteroid immuno-
suppression with high-dose dexamethasone reduces mortality in severe COVID-19. Third,
as noted by others, immunosuppression, did not emerge as a risk factor for poor outcome
in SARS-CoV-1 or Middle Eastern Respiratory Syndrome infections, whereas comorbidities
were analogous to those conferring risk in SARS-CoV-2 infection [91–93]. Interestingly, the
fact that kidney transplant recipients have similar outcomes to the matched general popu-
lation is in stark contrast to the very high rates of mortality reported in those with ESRD.
This finding might suggest that, in the context of COVID-19, risk of ESRD and associated
mortality has a more deleterious effect than pharmacological immunosuppression. It there-
fore remains the case that major international guidelines currently recommend against the
routine cessation or reduction in immunosuppressive therapy in KT recipients before any
SARS-CoV-2 infection and that modification following SARS-CoV-2 be considered under
special circumstances such as in superadded bacterial infection or worsening respiratory
failure. Consequently, subsequent CD8+ T cell and B cell recovery has been observed with
progressive resolution of the disease [94,95]. Hence, some degree of reinstatement of a
functioning immune system may be desired in KT recipients in order to limit the severity
of host response to SARS-CoV-2 infection. Neither the lymphopenia observed in many
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patients with COVID-19 nor the established practice of antimetabolite dose reduction or
even cessation during the treatment of other viral infections in transplant patients (cy-
tomegalovirus, BK virus infections) have led to increased rates of rejection [96–99]. Recent
reports have recognized the utility of steroids in critically ill COVID-19 patients, which may
limit the severity of ARDS and the associated cytokine storm [100–102]. Consequently, the
RECOVERY trial outlined the benefit of high dose dexamethasone in critically ill COVID-19
patients on mechanical ventilation [103]. Thus, there is some basis for the administra-
tion of pulsed steroids doses as was given to 41% of the patients in our meta-analysis.
There are few limitations of our meta-analysis. The relatively large number of small popu-
lation studies has made our composite data heterogeneous despite using a random effect
model for analysis. Additionally, differences in reported clinical trajectories, management
approach, and outcomes is likely to be significantly dependent on the available resources
and other variable factors such as admission criteria across the different health care facilities
reporting the cases.

The strengths of this meta-analysis are the extensive and exhaustive nature of the
search, the independent process of study selection and data abstraction, and the random
effects model used for the analysis of observational studies. We hope that this meta-analysis
will contribute to a more detailed understanding of the SARS-CoV-2 disease process in the
KT patient and guide future clinical decision making for this patient population.

In summary, the clinical presentation of COVID-19 in kidney transplant recipients
seems to differ from the general population with lower prevalence of fever and a higher
prevalence of dyspnea and gastrointestinal symptoms. The clinical course of COVID-19
in kidney transplant recipients revealed higher mortality in different settings of health
care facilities including hospital, ICU, and those requiring invasive ventilation. within
the cohorts’ studies of kidney transplant recipients, age and presence of multitudes of
comorbidities were strongly associated with complicated disease course (i.e., increased
prevalence of ARDS, AKI, and HD requirement and mortality). Whilst data regarding
impact of SARS-CoV-2 in this cohort are still accumulating; however, to date, it seems clear
that weight of comorbidity are the most important attributes in determining the outcome
than transplant surgery alone. As being in an immunosuppressed state constitutes less risk
from SARS-CoV-2 than ESRD patients on hemodialysis, by that mean, we advocate for the
continuation of kidney transplantation programs.
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Appendix A

Table A1. Baseline demographic and clinical data of post-kidney transplant COVID-19 patients in a sequence of publication time.

Study Country
Number of
Patients in the
Study

Sex (M/F) Age (Years) Ethnicity Donor Type Comorbidities Medications (Immunosuppression
+ Others)

Time Since
Renal-Transplant,
Median (Range) or
Mean ± SD

Baseline Serum Cr,
Median (Range) mg/dL

Akalin et al. [19] United States 36 26 (72%)/10(28%) 57.25 ± 12.9

African American: 14
(39%)
Hispanics: 15 (42%)
Others: 7 (19%)

Deceased: 27 (75%)
Living: 9 (25%)

HTN: 34 (94%)
DM: 25 (69%)
CAD: 6 (17%)
Lung disease: 4 (11%)
Cancer: 2 (6%)
Smoking: 6 (17%)

Tacrolimus: 35 (97%)
Prednisone: 34 (94%)
MMF/MPA: 31 (86%)
ARB: 8 (22%)

NA 2.4 ± 1.63

Bossini et al. [20] Italy 53 42 (79%)/11(21%) 59.25 ± 4.9 NA Deceased: 48 (91%)
Living: 5 (9%)

HTN: 42 (79%)
DM: 11 (21%)
CAD: 10 (19%)
Previous DVT: 4 (8%)

CNIs: 48 (90%)
Prednisone: 30 (57%)
MMF/MPA: 32 (60%)
mTORi: 6 (11%)

9.6 ± 3.5 years 1.89 ± 0.33

Trujillo et al. [21] Spain 26 12 (46%)/14 (54%) 61 ± 14 Caucasian: 22 (85%)
Hispanics: 4 (15%) NA

HTN: 24 (92%)
DM: 6 (23%)
CAD: 0 (0%)
Lung disease: 2 (8%)

CNIs: 24 (92%)
Prednisone: 22 (84%)
MMF/MPA: 14 (54%)
mTORi: 7 (27%)

7 (4–15) years 1.9 ± 0.33

Columbia University
KT program [22] United States 15 10 (67%)/5 (33%) 50.25 ± 16.5 NA Deceased: 12 (80%)

Living: 3 (20%) NA

Tacrolimus: 14 (93%)
Prednisone: 10 (67%)
MMF/MPA: 12 (80%)
Azathioprine: 1 (7%)
Leflunomide: 1 (7%)
Belatacept: 2 (13%)

49 (0–232) months
(one recent transplant
< 3 months)

NA

Nair et al. [23] United States 10 6 (60%/4 (40%) 56.05 ± 14.3

African American: 3 (30%)
Caucasian: 4 (40%)
Asian: 1 (10%)
Others: 2 (20%)

Deceased: 4 (40%)
Living: 5 (50%)
Unknown: 1 (10%)

HTN: 10 (100%)
DM: 8 (80%)
CAD: 2 (20%)
Cancer: 1 (10%)
Smoking history: 2 (20%)

Tacrolimus: 9 (90%)
Prednisone: 7 (70%)
MMF/MPA: 9 (90%)
mTORi: 2 (20%)

94.0 (4.1–248.0)
months 2.25 ± 1.15

Fernandez-Ruiz et al.
[24] Spain 8 7 (87%)/1 (13%) 65.75 ± 11.8 NA NA

HTN: 8 (100%)
DM: 4 (50%)
CAD: 1 (12%)
PAD: 1 (12%)
Obesity: 1 (12%)

Tacrolimus: 7 (90%)
Prednisone: 7 (90%)
MMF/MPA: 5 (62%)
mTORi: 1 (12%)
ARB: 2 (25%)
ACEI: 1 (12%)

7.4 (1.8–30.1) years NA

Zhu et al. [25] China 10 8 (80%)/2(20%) 47 ± 11.8 NA NA

HTN: 5 (50%)
CAD: 3 (12%)
PAD: 1 (12%)
Obesity: 1 (12%)

Tacrolimus: 9 (90%)
Cyclosporine: 1(10%)
Prednisone: 7 (70%)
MMF/MPA: 9 (90%)
Mizoribine: 1 (10%)

NA NA

Cavagna et al. [26] Italy 6 5 (83%)/1 (17%) 57.5 ± 3.8 NA NA NA Tacrolimus: 3 (50%)
Cyclosporine: 3 (50%) NA NA

Fung et al. [27] United States 7 5 (71%)/2 (29%) 60.75 ± 9.5

African American: 3 (43%)
Asian: 2 (29%)
Hispanics: 1 (14%)
Others: 1 (14%)

Deceased: 4 (57%)
Living: 3 (43%)

HTN: 4 (57%)
CAD: 4 (57%)
DM: 1 (14%)

Tacrolimus: 7 (100%)
Prednisone: 6 (86%)
MMF/MPA: 5 (100%)

2.9 (0.3–10.8) years
4.2 ± 3.0 154 ± 0.75
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Table A1. Cont.

Study Country
Number of
Patients in the
Study

Sex (M/F) Age (Years) Ethnicity Donor Type Comorbidities Medications (Immunosuppression
+ Others)

Time Since
Renal-Transplant,
Median (Range) or
Mean ± SD

Baseline Serum Cr,
Median (Range) mg/dL

Abrishami et al. [28] Iran 12 9 (75%)/3 (25%) 47.5 ± 10.7 NA NA
HTN: 2 (57%)
CAD: 4 (57%)
DM: 1 (14%)

NA 13 (3.0–18) years
11.8 ± 4.3 2.14 (0.9–4.6)

Hoek et al. [29] Netherland
16
(1 kidney with
heart

11(69%)/5 56.0 ± 17.3 NA Deceased: 5 (31%)
Living: 11 (69%) NA

CNI: 16 (100%)
Steroid: 3 (18%)
MMF/MPA: 15 (94%)

6 (1.5–13) years NA

Mella et al. [30] Italy 6 6 (100%)/0 (0%) 55.5 ± 6.9 NA
Deceased: 2 (33%)
Living: 0 (0%)
Unknown: 4 (67%)

HTN: 4 (67%)
CAD: 5 (83%)
DM: 1 (17%)

CNI: 6 (100%)
Steroid: 6 (100%)
MMF: 3 (50%)

10.7 (0.02–14.7) years NA

Montagud-Marrahi
et al. [31] Spain 33

(2 KP) 19 (57.6%)/14 (42.4%) 57.3 ± 17 NA NA NA

CNIs: 29 (87.8%)
Prednisone: 26 (78.8%)
MMF/MPA: 21 (62.5%)
mTORi: 14 (42.4%)

10.7 (4–14.7) years NA

Banerjee et al. [32] UK 7 4 (57%)/3 (43%) 55.5 ± 6.9 NA

Deceased: 5 (71%)
Living: NA
(No details available in 2
cases, 1 has second
transplant)

HTN: 6 (86%)
DM: 3 (43%)

Tacrolimus: 6 (86%)
Prednisone: 6 (86%)
MMF/MPA: 5 (68%)
Azathioprine: 2 (21%)
ACEI: 2 (29%)

(01–360) months
NA
(2 in ≤ 3 months) 2.04 (1.5–5.1)

Malberti et al. [33] Italy 11 10 (91%)/1 (9%) 58.5 ± 11 NA NA

HTN: NA
DM: 1 (9.1%)
CAD: 0 (0%)
Cancer: 0 (0%)

Tacrolimus: 11 (100%)
MMF: 11 (100%) NA NA

Lubetzky et al. [34] United States 39 31 (79%)/8 (21%) 57.5 ± 15.5

African American: 10
(26%)
Hispanics: 14 (36%)
Caucasian: 11 (28%)
Asian: 4 (10%)

Deceased: 13 (33%)
Living: 26 (67%)

HTN: 37 (95%)
DM: 12 (31%)
CAD: 16 (41%)
Lung disease: 7 (18%)
Smoking: 8 (21%)

Tacrolimus: 37 (95%)
Prednisone: 36 (92%)
MMF/MPA: 38 (97%)
ACEI: 12 (32%)

4.7 (0.3–14.4) years 1.58 ± 0.74

Devresee et al. [35] Belgium 18 8 (44%)/
10 (56%) 54.5 ± 6.3

African American: 6 (33%)
Caucasian: 11 (61%)
Asian: 1 (6%)

NA

HTN: 14 (78%)
DM: 4 (22%)
CAD: 4 (22%)
Cancer: 1 (6%)
Obesity: 4 (22%)

Tacrolimus: 10 (55%)
Cyclosporine: 5 (27%)
Prednisone: 18 (100%)
MMF/MPA: 12 (67%)
mTORi: 3 (17%)
Azathioprine: 3 (17%)
ACEI/ARB: 10 (56%)

89 (1–402) months
(3 in ≤ 3 months) NA

Crespo et al. [36] Spain 414 265 (64%)/149 (36%) 62 ± 3.17 NA NA NA

CNIs: 338 (82%)
Prednisone: 310 (75%)
MMF/MPA: 297 (50%)

mTORi: 94 (23%)

72 (31–145) months NA

Fava et al. [37] Spain 89 56 (63%)/33 (37%) 59.7 ± 13.4

African American: 4 (5%)
Hispanic: 6 (7%)
Caucasian: 78 (88%)Asian:
1 (1%)

Deceased: 75 (84%)
Living: 14 (16%)

HTN: 77 (87%)
DM: 25 (28%)
CAD: 25 (28%)
Lung disease: 14 (16%)
Obesity: 24 (27%)
Cancer: 7 (8%)
Smoking: 8 (50%)

CNIs: 78 (88%)
Prednisone: 81 (91%)
MMF/MPA: 73 (82%)
mTORi: 18 (20%)
ACEI/ARB: 33 (37%)

4.7 (NA) years
(11 in ≤6 months) 1.8 ± 0.8

Zhang et al. [38] China 5 4 (80%)/1 (20%) 45.0 ± 11 NA NA
HTN: 2 (40%)
DM: 1 (20%)
Cancer: 1 (20%)

CNIs: 5 (100%)
Prednisone: 5 (100%)
MMF/MPA: 5 (100%)

1.53 ± 1.2 years NA

Cravedi et al. [39] Multicentric 144 94 (65.3%)/50 (34.7%) 61.25 ± 4.90

African American: 24
(25%)
Hispanic: 56 (40%)
Caucasian: 43 (31%)
Others: 7 (5%)

Deceased: 112 (78%)
Living: 32 (22%)

HTN: 137 (95%)
DM: 75 (52%)
CAD: 41 (29%)
Lung disease: 27 (19%)
Obesity: 71 (50%)
Cancer: 22 (15%)
Smoking: 39 (29%)

Tacrolimus: 131 (91%)
Prednisone: 125 (87%)
mTORi: 11 (7.6%)MMF/MPA: 111
(77%)
ARB: 24 (17%)
ACEI: 20 (14%)

5.31 ± 2.1 years 1.5 ± 0.30
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Table A1. Cont.

Study Country
Number of
Patients in the
Study

Sex (M/F) Age (Years) Ethnicity Donor Type Comorbidities Medications (Immunosuppression
+ Others)

Time Since
Renal-Transplant,
Median (Range) or
Mean ± SD

Baseline Serum Cr,
Median (Range) mg/dL

Maritati et al. [40] Italy 5 3 (60%)/2 (40%) 66.00 ± 9.27 NA Deceased: 4 (80%)
Living: 1 (20%)

HTN: 5 (100%)
DM: 1 (20%)
CAD: 2 (40%)
Obesity: 2 (40%)

Tacrolimus: 5 (100%)
Prednisone: 5 (100%)
mTORi: 1 (20%)
MMF/MPA: 4 (80%)

4.20 ± 3.1 years 1.85 ± 0.80

Elias et al. [41] France 66 37 (56%)/29 (44%) 56.40 ± 12.5 Caucasian: 42 (64%)
Others: 24 (36%)

Deceased: 64 (97%)
Living: 2 (3%) NA

Tacrolimus: 57 (86%)
Prednisone: 55 (83%)
MMF/MPA: 61 (92%)
Belatacept: 6 (9%)

4.81 ± 3.9 years NA

Chen et al. [42] United States 30 16 (53%)/14 (37%) 56 ± 12

African American: 22
(73%)
Hispanic: 5 (17%)
Caucasian: 2 (7%)
Asian: 1 (3%)

Deceased: 18 (60%)
Living: 12 (40%)

HTN: 29 (97%)
DM: 14 (47%)
CAD: 11 (37%)
Lung disease: 0 (0%)
Obesity: 10 (33%)

CNIs: 29 (97%)
Prednisone: 30 (100%)
MMF/MPA: 12 (40%)

8.4 ± 2.9 years 1.9 ± 0.42

Mehta et al. [43] United States 34 22 (65%)/12 (45%) 58.6 ± 3.25

African American: 15
(44%)
Hispanic: 8 (23%)
Caucasian: 7 (21%)
Asian: 2 (7%)

Deceased: 27 (79%)
Living: 7 (21%) NA

Tacrolimus: 30 (88%)
Prednisone: 34 (100%)
Belatacept: 6 (18%)
MMF: 33 (97%)
mTORi: 1 (3%)

1.21 ± 0.56 years NA

Silva et al. [44] Portugal 5 3 (75%)/2 (25%) 50.4 ± 14.4 NA Deceased: 4 (80%)
Living: 1 (20%)

HTN: 5 (100%)
DM: 2 (40%)
CAD: 1 (20%)
Lung disease: 1 (20%)
Obesity: 3 (60%)
Smoking: 1 (20%)

CNI: 5 (100%)
Prednisone: 5 (100%)
MMF: 3 (60%)
Azathioprine: 2 (40%)

5.1 ± 5.9 years 1.6 ± 0.42

Chavarot et al. [45] France 100 64 (64%)/36 (36%) 64.45 ± 5.13 NA NA

HTN: 85 (85%)
DM: 48 (48%)
CAD: 18 (18%)
Lung disease: 89 (89%)

CNI: 78/94 (83%)
Prednisone: 91/94 (97%)
MMF: 69/94 (73%)
mTORi: 8/94 (9%)
Azathioprine: 7/94 (7.4%)

6.4 ± 2.9 years 1.3 ± 0.26

Meester et al. [46] US and European
countries 46 26 (56%)/20 (44%) NA NA NA NA NA NA NA

Abolghasemi et al. [47] Iran 24 15 (62.5%)/9 (37.5%) 47.75 ± 10.09 NA Deceased: 18 (75%)
Living: 6 (25%)

HTN: 15 (62.5%)
DM: 5 (20%)
CAD: 4 (17%)
Lung disease: 1 (4%)

CNI: 22 (92%)
Prednisone: 24 (100%)
MMF: 20 (83%)
mTORi: 1 (4%)
Azathioprine: 2 (8%)

10.3 (1-20) years NA

Cucchiari et al. [48] Spain 28 18 (64%)/10 (36%) 54.81 ± 6.3 NA NA NA

CNI: 23 (82%)
MPA: 14 (50%)
mTORi: 9 (32%) 5.4 ± 2.5 years 1.60 ± 0.36

Kute et al. [49] India 250 215 (86%)/35 (14%) 43.00 ± 4.6 NA Deceased: 24 (9.6%)
Living: 226 (90%)

HTN: 210 (84%)
DM: 80 (32%)
CAD: 30 (12%)
Obesity: 53 (24%)

CNI: 236 (94%)
Prednisone: 250 (100%)
MMF: 250 (100%)
mTORi: 14 (5.6%)

3.75 ± 1.29 years 1.88 ± 0.42

Caillard et al. [50] France 243 162 (67%)/81 (33%) 60.75 ± 5.25 NA NA

HTN: 201 (83%)
DM: 92 (39%)
CAD: 81 (33%)
Cancer: 35 (14%)
Smoking: 30 (12%)

CNI: 202 (83%)
Prednisone: 177 (73%)
MMF: 183 (75%)
mTORi: 29(12%)
Belatacept: 15(6.1%)

6.08 ± 2.26 years 2.05 ± 0.42

Kutzler et al. [51] United States 10 NA 62.60 ± 7.00
African American: 2 (20%)
Hispanic: 3 (30%)
Caucasian: 5 (50%)

NA

HTN: 8 (80%)
DM: 5 (50%)
CAD: 6 (60%)
Cancer: 2 (20%)
Obesity: 2 (20%)

CNI: 5 (50%)
Prednisone: 7 (70%)
MMF: 5 (50%)
mTORi: 1(10%)
Belatacept: 10(10%)

10.98 ± 8.7 years NA

Mairons et al. [52] Spain 30 NA NA NA NA NA NA NA NA

Sharma et al. [53] United States 16 NA NA NA NA NA NA NA NA
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Table A1. Cont.

Study Country
Number of
Patients in the
Study

Sex (M/F) Age (Years) Ethnicity Donor Type Comorbidities Medications (Immunosuppression
+ Others)

Time Since
Renal-Transplant,
Median (Range) or
Mean ± SD

Baseline Serum Cr,
Median (Range) mg/dL

Mohamed et al. [54] United Kingdom 35 16 (57%)/11 (43%) 52.75 ± 13.55 NA Deceased: 22 (79%)
Living: 13 (21%)

HTN: 23 (85%)
DM: 10 (37%)
CAD: 5 (18%)
Obesity: 21 (75%)
Lung disease: 4 (14%)

CNI: 27/27 (100%)
Prednisone: 27/27 (100%)
MMF: 21/27 (78%)
Azathioprine: 3/27 (10%)

6.38 ± 5.43 years 2.08 ± 0.97

Felldin et al. [55] Sweden 22 18 (82%)/4 (18%) 54.11 ± 11.26 NA NA

HTN: 16 (73%)
DM: 7 (32%)
CAD: 2 (9%)
Lung disease: 2 (9%)
Obesity: 10 (45%)

CNI: 22 (100%)
Prednisone: 23 (57.5%)
MMF: 12 (55%)
Azathioprine: 2 (9%)

10.99 ± 1.74 years NA

Kates et al. [56] United States 318 NA NA NA NA NA NA NA NA

Benotmane et al. [57] France 40 31 (77.5%)/9 (22.5%) 63.8 ± 3.4 NA NA

HTN: 33 (82.5%)
DM: 19 (47.5%)
CAD: 16 (40%)
Lung disease: 9 (22.5%)
Obesity: 20 (50%)

CNI: 35 (87.5%)
Prednisone: 23 (57.5%)
MMF: 34 (85%)
Azathioprine: 1 (2.5%)

NA

Chaudhry et al. [58] United States 38 26 (68%)/12 (32%) 62 ± 5.75 African American: 31
(81.5%) NA

HTN: 37 (97%)
DM: 27 (71%)
CAD: 11 (29%)
Lung disease: 5 (13%)
Smoking: 7 (18%)

NA NA NA

Craig-Schapiro et al.
[59] United States 80 56 (70%)/24 (30%) 57 ± 9.16

African American: 21
(26%)
Hispanic: 24 (30%)
Caucasian: 25 (31%)
Asian 9 (11%)

NA

HTN: 20 (25%)
DM: 22 (27%)
CAD: 26 (62%)
Lung disease: 11 (14%)
Smoking: 16 (20%)

Prednisone: 22 (51%)
MMF: 52 (47%) NA 1.3 ± 0.22

Demir et al. [60] Turkey 40 20 (50%)/20 (50%) 44.9 ± 14.8 NA Deceased: 5 (12.5%)
Living: 35 (87.5%)

HTN: 26 (65%)
CAD: 3 (7.5%)
Lung disease: 3 (7.5%)

CNI: 36 (90%)
Prednisone: 40 (100%)
MMF: 36 (90%)
mTORi: 4 (10%)

74.5 (31.5–128.3)
months 1.6 ± 0.25

Hilbrands et al. [61] ERACODA
Collaborators, Europe 271 118 (43.5%)/153 (56.5%) 60 ± 12

African American: 15
(0.06%)
Caucasian: 151 (56%)
Asian 7 (3%)

NA

HTN: 172 (63%)
DM: 64 (24%)
CAD: 37 (14%)
Lung disease: 19 (7%)
Cancer: 16 (6%)
Obesity: 55 (20%)

CNI: 175 (65%)
Prednisone: 173 (64%)
MMF: 145 (54%)
mTORi: 33 (12%)

NA NA

Pascual et al. [62] Spain 24 9 (37.5%)/15 (62.5%) 62 ± 8.75 NA Deceased: 23 (96%)
Living: 1 (4%)

HTN: 22 (92%)
DM: 12 (50%)

CNI: 24 (100%)
Prednisone: 24 (100%)
MMF: 21 (88%)
mTORi: 2 (8%)

NA NA

Rodriguez-Cubillo
et al. [63] Spain 29 17 (58.6%)/12 (41.4%) 66 ± 3.25 NA NA

HTN: 28 (97%)
DM: 2 (40%)
Obesity: 15 (52%)

CNI: 24 (83%)
Prednisone: 23 (79%)
MMF: 23 (79%)

NA NA

Sanchez-Alvarez et al.
[64] Spain 470 299 (63.6%)/171 (36.4%) 60 ± 13 NA NA NA NA NA NA
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Study Country
Number of
Patients in the
Study

Sex (M/F) Age (Years) Ethnicity Donor Type Comorbidities Medications (Immunosuppression
+ Others)

Time Since
Renal-Transplant,
Median (Range) or
Mean ± SD

Baseline Serum Cr,
Median (Range) mg/dL

Oto et al. [65] Turkey 109 63 (57.8%)/46 (42.2%) 48.4 ± 12.4 NA Deceased: 17 (16%)
Living: 92 (84%)

HTN: 81/106 (76%)
DM: 25/107 (23%)
CAD: 18/103 (17%)
Lung disease: 5/105 (5%)
Cancer: 6/105 (6%)
Smoking: 23 (21%)

CNI: 95 (87%)
Prednisone: 106 (97%)
MMF: 94 (86%)
mTORi: 12 (11%)

5.0 (3.0–9.0) years 1.5 (1.10–2.19)

Elhadedy et al. [66] United Kingdom 8 4 (50%)/4 (50%) 50.14 ± 17.5 NA NA
HTN: 4/8 (50%)
DM: 1/8 (13%)
Lung disease: 1/8 (13%)

CNI: 8/8 (100%)
Prednisone: 8/8 (100%)
MMF: 7/8 (88%)

4.6 ± 4.8 years 3.23 ± 163.60

Abbreviations—ACEI: Angiotensin-converting enzyme inhibitor; ARB: Angiotensin-II receptor blocker; CAD: Coronary artery disease; CNI: Calcineurin inhibitor; Cr: Creatinine DM: Diabetes mellitus; DVT:
Deep vein thrombosis; F: Female; HTN: Hypertension; KT: Kidney transplant; PAD: Peripheral artery disease; mTORi: Mammalian target of rapamycin inhibitor; M: Male; MMF: Mycophenolate mofetil; MPA:
Mycophenolic acid; NA: Not available/Not applicable.
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Table A2. Clinical and laboratory data of post-kidney transplant patients with COVID-19.

Study Clinical Presentation Respiratory Disease Severity Intensive Care Unit Admission &
Organ Failure (Respiratory or Renal)

Hematological Data Serum Markers

Median (Range) Significant Decline n (%) Median (Range) Significant Change n (%)

Akalin et al. [19]

Fever: 21 (58%)
Dyspnea: 16 (44%)
Cough: 19 (53%)
GIs: 8 (22%)

Major: 28 (78%)
Minor: 8 (22%) Outpatient
Radiographic evidence of pneumonia:
27/28 (96%)

ICU: 11/28 (39%)
MV: 11/28 (39%)
AKI: NA
RRT: NA

WBC: 5300 (2100–14,700)/mm3

Platelets: 146 × 103 (78 × 103–450 ×
103)/mm3

Lymphocyte: 600 (100–1900)/mm3

CD3+ T cells: 319 (34–1049)
CD4+ T cells: 173 (6–507)
CD8+ T cells: 132 (39–654)

Thrombocytopenia (<150,000/mm3):
12/28 (43%)
Lymphocytopenia (<1000/mm3):
22/28 (79%)
CD3+ T cells (<706/mm3): 19/28
(68%)
CD4+ T cells (<344/mm3): 20/28
(71%)
CD8+ T cells (<104/mm3): 8/28
(29%)

CRP: 7.9 (0.5–48.7) mg/dL
Ferritin: 1230 (191–9259) ng/mL
Procalcitonin: 0.2 (0.1–5.1) ng/mL
D-dimer: 1.02 (0.32–5.19) µg/mL

CRP (>5 mg/dL): 13/28 (46%)
Ferritin (>900 ng/mL): 10/28 (36%)
Procalcitonin (>0.2 ng/mL): 12/28
(43%)
D-dimer (>0.5 µg/mL): 16/28 (57%)

Bossini et al. [20]

Fever: 51 (96%)
Dyspnea: 15 (28%)
Cough: 26 (49%)
Pharyngitis: 7 (13%)
Diarrhea: 9 (17%)

Hospitalized: 45 (85%)
Radiological evidence of pneumonia:
38/39 (97%)

ICU: 10/45 (22%)
ARDS: 27/45 (60%)
MV:
9/45 (20%)
AKI: 15/45 (33%)
RRT: 3/15 (20%)

WBC: 5560 (4140–7400)/mm3

Platelets: 162 × 103 (129 × 103–219 ×
103)
Lymphocyte: 590 (430–1092)/mm3

NA
CRP: 3.9 (1.6–10.3) mg/dL
Ferritin: 433 (284–872) ng/mL
D-dimer: 0.41 (0.10–0.68) µg/mL

NA

Trujillo et al. [21]

Fever: 12 (46%)
Dyspnea: 15 (58%)
Cough: 23 (89%)
GIs: 10 (38%)

Hospitalized: 26 (100%)
Radiological evidence of pneumonia:
17 (85%)
Ground glass opacities: 16 (62%)
Alveolar consolidation: 14 (54%)
Bilateral infiltrates: 17 (65%)

ICU: NA
ARDS: 10/26 (39%)
MV: NA
AKI: NA

Lymphocyte: 700 (400–1100) NA CRP: 13 (6–23) mg/dL
D-dimer: 0.82 (0.51–0.12) µg/mL NA

Columbia University KT program [22]

Fever: 13 (87%)
Dyspnea: 4 (27%)
Cough: 9 (60%)
Diarrhea: 3 (20%)

Hospitalized: 15 (100%)
Radiological evidence of pneumonia:
10 (67%)
Multifocal/bilateral patchy opacities:
7 (47%)

ICU: 4/15 (27%)
MV: 4/15 (27%)
AKI: 6/15 (40%)
RRT: 2/6 (33%)

WBC: 4800 (2100–12,700)/mm3

Lymphocyte: 800 (110–1410)/mm3 NA

CRP: 10.4 (0.03–23.2) mg/dL
Ferritin: 471 (93–1963) ng/mL
Procalcitonin: 0.46 (0.08–18.7) ng/mL
IL-6: 24 (<5–120) pg/mL

NA

Nair et al. [23]

Fever: 7 (70%)
Cough: 8 (80%)
Dyspnea: 3 (30%)
GIs: 2 (20%)

Hospitalized: 10 (100%)
Radiological evidence of pneumonia:
9 (90%)

ICU: 4/10 (40%)
MV: 4/10 (40%)
AKI: 5/10 (50%)
RRT: 1/5 (20%)

WBC: 4300 (2380–9410)/mm3

Lymphocyte: 970 (269–1410)/mm3
Lymphocytopenia (<1000/mm3):
5/10 (50%)

CRP: 13.3 (3.4–30.6) mg/dL
Ferritin: 787.5 (101–2871) ng/mL

CRP (>5 mg/dL): 6/8 (75%)
Ferritin (>900 ng/mL): 3/8 (37%)

Fernandez-Ruiz et al. [24]

Fever: 7 (87%)
Dyspnea: 5 (62%)
Cough: 4 (50%)
GIs: 1 (12%)

Hospitalized: 8 (100%)
Radiological evidence of pneumonia:
5/8 (62%)

ICU: 1/8 (12%)
ARDS: 3/8 (38%)
CPAP: 3/8 (37%)
AKI: 1/8 (12%)
RRT: 1/1 (100%)

NA NA NA NA

Zhu et al. [25]

Fever: 9 (90%)
Dyspnea: 9 (90%)
Cough: 9 (90%)
GIs: 3 (30%)

Hospitalized: 10 (100%)
Radiological evidence of pneumonia:
10 (100%)
B/L multiple consolidation: 8

ICU: 1/10 (10%)
Oxygen requirement:
NIV: 3/10 (30%)
AKI: 6/10 (60%)
RRT: 1/6 (16%)

Lymphocyte: 450 (190–990)/mm3 Lymphocytopenia (<1000/mm3):
10/10 (1000%)

CRP: 4.6 (3–11.8) mg/dL CRP (>5 mg/dL): 4/10 (40%)

Cavagna et al. [26] NA
Hospitalized: 5
Radiological evidence of pneumonia:
5

NA NA NA NA NA

Fung et al. [27]
Fever: 7 (100%)
Cough: 6 (86%)
Dyspnea: 3 (43%)

Hospitalized: 5 (72%)
Radiological evidence of pneumonia:
3 (60%)
Outpatient: 2 (28%)

ICU: 2/5 (40%)
ARDS: 2/5 (40%)
MV: 2/5 (40%)
AKI: 3/5 (60%)
RRT: 1/3 (33%)

WBC: 4300 (2800–5800)/mm3

Lymphocyte: 280 (80–1480)/mm3

Lymphocytopenia (<1000/mm3): 6/7
(86%)

CRP: 4.9 (2.3–17.7) mg/dL
Procalcitonin: 0.09 (0.03–0.31) ng/mL

CRP (>5 mg/dL): 2/5 (40%)
Procalcitonin (>0.2 ng/mL): 1/7 (14%)

Abrishami et al. [28]

Fever: 9 (75%)
Dyspnea: 5 (42%)
Cough: 9 (75%)
GIs: 3 (25%)

Hospitalized: 12 (100%)
Radiological evidence of pneumonia:
12 (100%)
Bilateral infiltrates: 8 (67%)
Unilateral infiltrates 4 (33%)

ICU: 10/12 (83%)
ARDS: 9/12 (75%)
MV: 9/12 (75%)
AKI: NA
RRT: NA

WBC: 5550 (2000–12,200)/mm3

Lymphocyte: 819 (80–1480)/mm3

Platelets: 154 × 103 (54 × 103–485 ×
103)

Lymphocytopenia (<1000/mm3):
7/12 (58%)

CRP: 3.0 (0.3–6.6) mg/dL CRP (>5 mg/dL): 2/12 (17%)
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Table A2. Cont.

Study Clinical Presentation Respiratory Disease Severity Intensive Care Unit Admission &
Organ Failure (Respiratory or Renal)

Hematological Data Serum Markers

Median (Range) Significant Decline n (%) Median (Range) Significant Change n (%)

Hoek et al. [29] NA
Hospitalized: 16
Radiological evidence of pneumonia:
16 (100%)

ICU: 1/16 (6.2%)
MV: 1/16 (6.2%)
AKI: NA
RRT: NA

NA NA NA NA

Mella et al. [30]

Fever: 6 (100%)
Dyspnea: 2 (33%)
Cough: 3 (50%)
GIs: 2 (33%)

Hospitalized:
6 (100%)

ICU: 4/6 (67%)
MV: 4/6 (67%)
AKI: 2/6 (33%)
RRT: 2/6 (33%)

WBC: 7565 (4130–13,660)
Lymphocyte: 385 (230–610)

Lymphocytopenia (<1000/mm3): 6/6
(100%)

CRP: 8.2 (3.2–17.4) mg/dL
Procalcitonin: 0.29 (0.12–24.1) ng/mL

CRP (>5 mg/dL): 4/6 (67%)
Procalcitonin (>0.2 ng/mL): 3/6 (50%)

Montagud-Marrahi et al. [31] NA
Major: 26 (79%)—Hospitalized Minor:
7 (21%)—OutpatientRadiological
evidence of pneumonia: 24 (73%)

ICU: 13/26 (50%)
MV: 2/26 (7.7%)
RRT: NA

NA NA NA NA

Banerjee et al. [32]

Fever: 6 (86%)
Dyspnea: 6 (86%)
Cough: 4 (57%)
Chest pain: 1 (14%)
Diarrhea: 1 (14%)

Hospitalized:
5 (71%)
Outpatient:
2 (29%)
Radiographic evidence of viral
pneumonia: 5 (71%)

ICU: 4/5 (80%)
MV: 2/5 (40%)
AKI: 4/5 (80%)
RRT: 3/4 (75%)

WBC: 9400 (5500–11,250)
Platelets: NA
Lymphocyte: 500 (300–4000)

Lymphocytopenia (<1000/mm3): 4/7
(57%)

CRP: 19.8 (8.3–32.9) mg/dL
Ferritin: 6919 (NA) ng/mL
Procalcitonin: NA
D-dimer: 1.97 (1.91–2.03) µg/mL

CRP (>5 mg/dL): 3/7 (43%)

Malberti et al. [33] NA Hospitalized:
11 (100%)

ICU: 3/11
NIV: 4/11 (36%)
(27%)
MV: 3/11 (27%)
AKI: 5/11 (45%)
RRT: 2/5 (40%)

NA NA NA NA

Lubetzky et al. [34]
Fever: 30 (77%)
Dyspnea: 21 (54%)Cough: 22 (56%)
GIs: 19 (48%)

Hospitalized: 39 (100%)
Radiological evidence of pneumonia:
32/37 (86%)

ICU: 12/39 (31%)
MV: 9/39 (23%)
AKI: 20/39 (51%)
RRT: 5/20 (25%)

WBC: NA (2500–9900)
Platelets: NA
Lymphocyte: 600 (300–1000)

NA

CRP: NA (5.2–35) mg/dL
Ferritin: NA (307–2646) ng/mL
Procalcitonin: NA (0.10–1.0) ng/mL
IL-6: NA (4.5–268) pg/mL

NA

Devresee et al. [35]

Fever: 14 (78%)
Dyspnea: 7 (39%)
Cough: 12 (67%)
GIs: 5 (28%)

Hospitalized: 18 (100%)
Radiological evidence of pneumonia:
15 (83%)

ICU: 2/18 (31%)
MV: 2/18 (23%)
AKI: 5/18 (51%)
RRT: 0/5 (0%)

NA NA NA NA

Crespo et al. [36]

Fever: 340 (82%)
Dyspnea: 181 (43.7%)
Cough: 62 (70%)
GIs: 152 (36.7%)

Hospitalized: 380 (92%)
Radiological evidence of pneumonia:
337 (89%)

ICU: 50/380 (13%)
MV: 73/380 (19%) NA NA NA NA

Fava et al. [37]

Fever: 72 (81%)
Dyspnea: 34 (38%)
Cough: 62 (70%)
GIs: 27 (30%)

Hospitalized: 89 (100%)Radiological
evidence of pneumonia: 67/89 (75%)

ICU: 17/89 (19%)
ARDS: 47/89 (53%)
MV: 8/89 (9%)

NA Lymphocytopenia (<1000/mm3):
37/89 (17%)

NA NA

Zhang et al. [38]

Fever: 5 (100%)
Dyspnea: 0 (0%)
Cough: 5 (100%)
GIs: 0 (0%)

Hospitalized: 5 (100%)
Radiological evidence of pneumonia:
5/5 (100%)

ICU: 0/5 (0%)
ARDS: NA
MV: 0/5 (0%)
AKI: 1/5 (20%)
RRT: 0/1 (0%)

WBC: 6.42 ± 1.09/mm3

Platelets: 186 ± 40.0/mm3

Lymphocyte: 0.58 ± 0.22/mm3
Lymphocytopenia (<1000/mm3): 5/5
(100%)

NA NA

Cravedi et al. [39]
Fever: 96 (67%)
Dyspnea: 97 (68%)
GIs: 55 (38%)

Hospitalized: 144 (100%)
Radiological evidence of pneumonia:
NA

ICU: NA
ARDS: NA
MV: 42/144 (29%)
AKI: 74/144 (51%)
RRT: NA

WBC: 7.70 ± 5.65/mm3

Platelets: 181.5 ± 29.0/mm3

Lymphocyte: 1.36 ± 0.78/mm3
NA

CRP: 4.1 (1.1–12.5) mg/dL
Ferritin: 6919 (NA) ng/mL
Procalcitonin: NA
D-dimer: 1.97 (1.91–2.03) µg/mL

NA

Maritati et al. [40]
Fever: 4 (80%)
Dyspnea: 4 (80%)
Cough: 4 (80%)

Hospitalized: 5 (100%)
Radiological evidence of pneumonia:
5 (100%)

ICU: 3/5 (60%)
ARDS: 4/5 (80%)
MV: 3/5 (60%)
AKI: 3/5 (60%)
RRT: 1/3 (33%)

NA NA NA NA

Elias et al. [41]

Fever: 51 (77%)
Dyspnea: 26 (39%)
Cough: 38 (58%)
GIs: 17 (26%)

Hospitalized: 60 (91%)
Radiological evidence of pneumonia:
41/56 (73.2%)

ICU: 15/60 (25%)
ARDS: 38/56 (68%)
MV: 15/38 (39%)
AKI: 28/60 (42%)
RRT: 7/28 (35%)

WBC: 6.90 ± 3.64/mm3

Lymphocyte: 0.60 ± 0.35/mm3 NA CRP: 11.5 (0.3–33.5) mg/dL NA
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Study Clinical Presentation Respiratory Disease Severity Intensive Care Unit Admission &
Organ Failure (Respiratory or Renal)

Hematological Data Serum Markers

Median (Range) Significant Decline n (%) Median (Range) Significant Change n (%)

Chen et al. [42]

Fever: 22 (73%)
Dyspnea: 20 (67%)
Cough: 22 (72%)
GIs: 13 (43%)

Hospitalized: 30 (100%)
Radiological evidence of pneumonia:
NA

ICU: NA
ARDS: NA
MV: 7/30(23%)
AKI: 23/30 (77%)
RRT: 4/23 (17%)

WBC: 6.75 ± 1.28/mm3

Lymphocyte: 0.73 ± 0.25/mm3
Lymphocytopenia (<1000/mm3):
30/30 (100%)

CRP: 7.6 (4.4–14.7) mg/dL
Ferritin: 979 (422–1977) ng/mL
Procalcitonin: 0.2 (0.1–1.3) ng/mL

NA

Mehta et al. [43]
Fever: 19 (56%)
Dyspnea: 18 (53%)
GIs: 5 (15%)

Hospitalized: 34 (100%)Radiological
evidence of pneumonia: 32/34 (94.11)

ICU: NAARDS: NAMV: 13/34(38%)
AKI: 18/34 (53%)
RRT: 0/18 (0%)

Lymphocyte: 0.43 ± 0.22/mm3 Lymphocytopenia (<1000/mm3):
32/34 (94%)

NA NA

Silva et al. [44]

Fever: 5 (100%)
Dyspnea: 1 (20%)
Cough: 2 (40%)
GIs: 3 (60%)

Hospitalized: 5 (100%)
Radiological evidence of pneumonia:
4/5 (80%)

ICU: 1/5 (20%)
ARDS: 3/5 (60%)
MV: 1/5 (20%)
AKI: 3/5 (60%)
RRT: 0/3 (0%)

WBC: 5.57 ± 1.77/mm3

Lymphocyte: 1.87 ± 1.10/mm3
Lymphocytopenia (<1000/mm3): 1/5
(20%)

CRP: 5.6 (0.6–12.4) mg/dL CRP (>5 mg/dL): 2/5 (40%)

Chavarot et al. [45]

Fever: 67/93 (72%)
Dyspnea: 41/89 (46%)Cough: 55/87
(63%)
GIs: 32/89 (36%)

Hospitalized: 100 (100%)
Radiological evidence of pneumonia:
40/83 (48%)

ICU: 34 (34%)
MV: 29 (29%) NA NA NA NA

Meester et al. [46] NA NA NA NA NA NA NA

Abolghasemi et al. [47]

Fever: 15 (62.5%)
Dyspnea: 17 (71%)
Cough: 11 (46%)
GIs: 6 (25%)

Hospitalized: 24 (100%)
Radiological evidence of pneumonia:
23/24 (96%)

ICU: 12/24 (50%) NA Lymphocytopenia (<1100/mm3):
19/24 (79%)

NA CRP (>10 mg/dL): 24/24 (100%)

Cucchiari et al. [48]

Fever: 26 (93%)
Dyspnea: 9 (32%)
Cough: 18 (64%)
GIs: 7 (25%)

Hospitalized: 28 (100%)

ICU: 8/28 (29%)
ARDS: 25/28 (89%)
AKI: 19/28 (68%)
RRT: 3/19 (0%)

NA NA NA NA

Kute et al. [49]

Fever: 220 (88%)
Dyspnea: 55 (22%)
Cough: 180 (72%)
GIs: 60 (24%)

Hospitalized: 200 (80%)
Radiological evidence of pneumonia:
120/250 (48%)

ICU: 53/200 (26%)
MV: 30/200 (15%)
AKI: 121/200 (60%)
RRT: 24/121 (20%)

NA NA NA NA

Caillard et al. [50]

Fever: 180 (74%)
Dyspnea: 98 (40%)
Cough: 145 (60%)
GIs: 97 (25%)

Hospitalized: 243 (100%)

ICU: 88/243 (36%)
MV: 72 (30%)
AKI: 106/243 (43.6%)
RRT: 27/106 (25%)

Lymphocyte: 1.87 ± 1.10/mm3 NA CRP: 6.2(2.7–11.4) mg/dL
Procalcitonin: 0.2 (0.1–0.48) ng/mL NA

Kutzler et al. [51]

Fever: 5(50%)
Dyspnea: 5 (50%)
Cough: 6 (60%)
GIs: 2 (20%)

Hospitalized: 10 (100%) NA NA NA NA NA

Mairons et al. [52] NA NA NA NA NA NA NA

Sharma et al. [53] NA NA NA NA NA NA NA

Mohamed et al. [54]

Fever: 13/25(52%)
Dyspnea: 17/25 (68%)
Cough: 13/24 (54%)
GIs: 7/25 (28%)

Hospitalized: 27/28 (96%)
Radiological evidence of pneumonia:
19/28 (76%)

ICU: 5/28 (18%)
AKI: 14/25 (56%)
RRT: 2/14 (14.3%)

WBC: 8.65 ± 4.34/mm3

Lymphocyte: 0.77 ± 0.47/mm3 NA CRP: 9.4 (0.7–44.6) mg/dL
Ferritin: 1101 (49–5959) ng/mL NA

Felldin et al. [55] NA Hospitalized: 22/34 (65%)

ICU: 7/22 (36%)
MV: 6/22 (27%)
AKI: 14/22 (64%)
RRT: 5/14 (36%)

NA NA NA NA

Kates et al. [56] NA NA NA NA NA NA NA
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Study Clinical Presentation Respiratory Disease Severity Intensive Care Unit Admission &
Organ Failure (Respiratory or Renal)

Hematological Data Serum Markers

Median (Range) Significant Decline n (%) Median (Range) Significant Change n (%)

Benotmane et al. [57]

Fever: 38/40 (95%)
Dyspnea: 28/40 (70%)
Cough: 31/40 (77.5%)
GIs: 31/40 (77.5%)

Hospitalized: 40/40 (100%) NA NA NA NA NA

Chaudhry et al. [58] NA Hospitalized: 26/40 (68%)
ICU: 12/26 (46.1%)
ARDS: 11/26 (42.3%)
MV: 11/26 (42.3%)
AKI: 5/26 (19%)

NA NA NA NA

Craig-Schapiro et al. [59]

Fever: 53/75 (71%)
Dyspnea: 36/74 (49%)
Cough: 44/74 (59%)
GIs: 25/73 (34%)

Hospitalized: 52/80 (68%)
Radiological evidence of pneumonia:
39/45 (87%)

ICU: 16/52 (30.7%)
MV: 18/51 (35.3%)
AKI: 26/46 (56.5%)
RRT: 4/26 (15.3%)

WBC: 5.70 ± 0.85/mm3

Lymphocyte: 0.60 ± 0.17/mm3 NA
CRP: 12.3 (7.2–30.2) mg/dL
Ferritin: 1424 (503–2428) ng/mL
Procalcitonin: 0.3 (0.1–0.6) ng/mL

NA

Demir et al. [60]

Fever: 25/40 (62.5%)
Dyspnea: 21/40 (52.5%)
Cough: 30/40 (75%)
GIs: 10/25 (40%)

Hospitalized: 40/40 (100%) ICU: 7/40 (18%)
MV: 6/40 (15%)

WBC: 5.15 ± 0.75/mm3

Lymphocyte: 0.72 ± 0.14/mm3 NA

CRP: 4.5 (2.4–8.8) mg/dL
Ferritin: 358 (173–1374) ng/mL
Procalcitonin: 0.2 (0.1–0.3) ng/mL
D-dimer: 0.36 (0.17–0.99) µg/mL

NA

Hilbrands et al. [61]

Fever: 155/271 (57%)
Dyspnea: 107/271 (39%)
Cough: 136/271 (50%)
GIs: 65/271 (24%)

Hospitalized: 271/305 (89%) ICU: 58/271 (40%) NA NA NA NA

Pascual et al. [62]

Fever: 15/24 (63%)
Dyspnea: 14/24 (58%)
Cough: 14/24 (58%)
GIs: 3/24 (13%)

Hospitalized: 24/24 (100%)
ICU: 4/24 (17%)
MV: 9/24 (38%)
AKI: 13/24 (54%)

NA Lymphocytopenia (<1100/mm3):
24/24 (100%)

NA NA

Rodriguez-Cubillo et al. [63]

Fever: 23/29 (79%)
Dyspnea: 12/29 (41%)
Cough: 18/29 (62%)
GIs: 14/29 (48%)

Hospitalized: 29/29 (100%)
Radiological evidence of pneumonia:
18/29 (62%)

ICU: 5/29 (17%)
MV: 4/29 (14%)
AKI: 14/29 (48%)
RRT: 3/14 (21%)

NA NA NA NA

Sanchez-Alvarez et al. [64] NA Hospitalized: 437/470 (93%) NA NA NA NA NA

Oto et al. [65]

Fever: 70/109 (64%)
Dyspnea: 53/109 (41%)
Cough: 72/109 (66%)
GIs: 12/109 (11%)

Hospitalized: 109/109 (100%)

ICU: 22/109 (20%)
MV: 19/109 (17%)
AKI: 46/109 (42%)
RRT: 4/46 (9%)

NA Lymphocytopenia (<1100/mm3):
77/108 (71%)

NA CRP (>5 mg/dL): 47/109 (43%)

Elhadedy et al. [66]

Fever: 5/8 (63%)
Dyspnea: 2/8 (25%)
Cough: 5/8 (63%)

Hospitalized: 8/8 (100%)
Radiological evidence of pneumonia:
5/8 (63%)

ICU: 1/8 (13%)
MV: 1/8 (13%)
AKI: 2/8 (25%)
RRT: 1/2 (50%)

NA Lymphocytopenia (<1100/mm3): 8/8
(100%)

CRP: 12.74 ± 10.0 mg/dL CRP (>5 mg/dL): 6/8 (75%)

Abbreviation—AKI: Acute kidney injury; ARDS: Acute respiratory distress syndrome; CPAP: Continuous positive airway pressure; CRP: C-reactive protein; GIs: Gastrointestinal symptoms; IL-6: interleukin-6;
KT: kidney transplant; MV: Mechanical ventilation; NA: Not available/Not applicable; NIV: Non-invasive ventilation; RRT: Renal replacement therapy; WBC: White blood cells.
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Table A3. Reported interventions and outcomes for KT patients with COVID-19.

Study Modification of Immunosuppression Treatments/Therapies Outcomes Remarks

Akalin et al. [19]
• Tacrolimus withheld: 6/28 (21%)
• MMF withheld: 24/28 (86%)
• High-dose steroid: 2/28(7%)

Hospitalized-

• HCQ: 24/28 (86%)
• Azithromycin: 13/28 (46%)
• Tocilizumab (IL-6 antagonist): 2/28 (7%)
• CCR5 inhibitor: 6/28 (21%)
• Apixaban [when D-dimer (>3 µg/mL)]

• Inpatient death: 8/28 (28%)
• Still hospitalized: 12/28 (43%)

• Less virulent initial presentation
• Lower lymphocyte and T cell subsets count
• Rapid disease progression
• Mortality (28%)
• MV Mortality: 7/11 (64%)
• 2 outpatient mortality (One had ATG induction while

other had ATG owing to cellular rejection within last 5
weeks)

• Rapid de-escalation of immunosuppression required
(particularly with recent ATG)

• No rejection reported

Bossini et al. [20]

• CNI withheld: NA
• MMF withheld: NA
• Increased methyl prednisolone 16 mg/d or equivalent

prednisone till disease resolution: 18/45 (40%), whilst
16/45 were already maintained with originally
moderate high dose

Hospitalized-

• Lopinavir/ritonavir: 18/32 (56%)
• Darunavir + ritonavir: 14/32 (44%)
• Azithromycin: 16/37 (46%)
• HCQ: 34/45 (75%)
• Tocilizumab: 8/45 (30%)

• Inpatient death: 15/45 (33%)
• Discharged: 27/45 (66%)

• Mortality: 15/45 (33%)
• ICU admission 10/45 (22%)
• Mechanical ventilation: 9/10
• MV mortality: 8/9 (89%)
• 14/15 death owing to ARDS and 1/15 due to bacterial

sepsis
• ≥1 immunosuppressive (antiproliferative and CNIs)

drug withheld: 100%
• Anti-inflammatory therapy dexamethasone 18/45 (40%)

of which 10 died (56%)
• No rejection reported
• Anti-inflammatory therapy, tocilizumab 8/18 (44%) of

which 3 died (38%)
• AKI in 15/45 (33%) of which 3 (20%) required dialysis
• QTc prolongation reported in one patient who received

HCQ
• Multivariate analysis identified age>60years and

dyspnea as significant risk factors and CNI as trend of
risk factor.

Trujillo et al. [21]

• Tacrolimus dose reduction: 4/24 (17%)
• MMF withheld: 13/14 (93%)
• mTOR withheld: 2/7 (29%)
• High-dose steroid: 12/26 (46%)

Hospitalized-

• Lopinavir/ritonavir: 7/26 (27%)
• HCQ: 23/26 (88.5%)
• Tocilizumab: 5/26 (19%)

• Inpatient death: 6/26 (23%)
• Still hospitalized: 13/26 (50%)
• Discharged: 7/26 (27%)

• Mortality: 6/26 (23%)
• Development of ARDS was implicated as most

significant risk factor for mortality (p = 0.007)
• ≥1 immunosuppressive (antiproliferative and CNIs)

drug withheld: ~93%
• No rejection reported

Columbia University KT program [22]

• Tacrolimus reduction/withheld: 3/14 (20%)
• MMF/MPA withheld: 10/12 (83%)
• Belatacept withheld: 1/2 (50%)
• withheld all immunosuppression 2/15 (14%)
• Replace Tacrolimus and MMF with prednisone: 1/15

(7%)
• No change: 1/15 (7%)
• Increased prednisolone 20 mg/d in recent deceased

donor transplant with ATG induction

Hospitalized-

• HCQ: 13/15 (87%)
• Azithromycin: 9/15 (60%)
• Tocilizumab: 1/15 (7%)

• Inpatient death: 2/15 (13%)
• Still hospitalized: 6/15 (40%)
• Discharged: 8/15 (53%)

• Mortality: 2/15 (13%)
• ICU admission 4 (27%) and 2 died because of ARDS
• MV: 4/15 and 2 deaths whilst on MV
• 53% patients were successfully discharged
• ≥1 immunosuppressive (antiproliferative and CNIs)

drug withheld: 13/15 (87%)
• No rejection reported
• Anti-inflammatory therapy, tocilizumab 1/15 (7%)
• AKI in 6/15 (40%) and 2 (50%) required dialysis
• One acute graft failure
• No QTc prolongation reported in patients, who received

HCQ
• HCQ was not used in recent renal transplants

Nair et al. [23]
• Tacrolimus withheld: 2/9 (22%)
• MMF/MPA withheld: 8/9 (89%)
• mTORi: 1/2 (50%)

Hospitalized-

• HCQ: 9/10 (90%)
• Azithromycin: 9/10 (90%)

• Inpatient death: 3/10 (30%)
• Discharged: 7/10 (70%)

• Mortality: 3/10 (30%)
• ICU admission 4 (40%) and 3 died
• MV: 4/10 and 3 deaths whilst on MV
• 70% patients were successfully discharged
• ≥1 immunosuppressive (antiproliferative, mTORi and

CNIs) drug withheld: 9/10 (90%)
• AKI in 5/10 (50%) and 1/5 (20%) required dialysis
• No rejection reported
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Study Modification of Immunosuppression Treatments/Therapies Outcomes Remarks

Fernandez-Ruiz et al. [24]

• Tacrolimus withheld: 1/7 (14%)
• Tacrolimus dose reduction: 5/7 (71%)
• MMF/MPA withheld: 5/5 (100%)
• mTORi: 1/1 (100%)
• High dose methylprednisolone: 3/8 (37%)

Hospitalized-

• Lopinavir/ritonavir: 5/8 (63%)
• HCQ: 7/8 (88%)
• IVIg: 1/8 (12%)

• Total death: 2/8 (25%)
• Discharged: 1/8 (12%)

• Mortality: 2/8 (25%)
• 12% patients were successfully discharged
• ≥1 immunosuppressive (antiproliferative, mTORi and

CNIs) drug withheld/reduced: 8/8 (100%)
• ARDS incidence 37%
• AKI in 1/8 (12%) and 1/1 (100%) required dialysis
• One patient was discharged with mild symptoms and

no evidence of pneumonia on imaging but readmitted
with worsened symptoms and bilateral chest infiltrates

• No rejection reported

Zhu et al. [25]

• Tacrolimus withheld: 7/9 (78%)
• Cyclosporine withheld: 1/1 (100%)
• Tacrolimus dose reduction: 1/9 (11%)
• MMF/MPA withheld: 9/9 (100%)
• High dose methylprednisolone (20–40 mg/d): 8/10

(80%)

• Umifenovir: 7/10 (70%)
• Oseltamivir: 2/10 (20%)
• Ribavarin: 1/10 (10%)
• Ganciclovir: 1/10
• IVIg: 7/10 (70%)

• Inpatient death: 1/10 (10%)
• ICU: 3/10 (30%)
• Discharged: 8/10 (80%)

• Mortality (10%)
• 9/10 (90%) patients were recovered
• ≥1 immunosuppressive (antiproliferative, mTORi and

CNIs) drug withheld/reduced: 9/10 (90%)
• Single death, 59 years man with comorbidities HTN,

CAD and COPD, presented with severe respiratory
distress and acute allograft failure.

• No rejection reported
• However, 6/10 renal transplant recipients had raised

serum creatinine as such kidneys are more susceptible
to damage.

• AKI in 1/10 (10%) and 1/1 (100%) required dialysis
• Prolonged course of illness 35.3 ± 8.3 days in transplant

than control

Cavagna et al. [26] NA NA
• Inpatient death: 0/5 (0%)
• Improved: 3/5 (60%)
• Stable condition: 2/5 (40%)

• Mortality: 0/5 (0%)
• Limited information available

Fung et al. [27]

• Tacrolimus withheld: 2/7 (28%)
• Tacrolimus dose reduction: 2/7 (28%)
• MMF/MPA withheld: 4/5 (56%)
• MMF dose reduction: 1/5 (14%)

• Hospitalized-
• Lopinavir/ritonavir: 1/7 (14%)
• HCQ + Azithromycin: 1/7 (14%)
• Antiviral: 1/7 (14%)

• Inpatient death: 0/7 (0%)
• ICU admission: 2/5 (40%)
• Still admitted: 3/7 (43%)
• Discharge: 3/5 (60%)

• Mortality: 0/7 0 (0%)
• MV: 2/5 and 0 deaths while on MV
• 3/5 (60%) patients were successfully discharged
• ≥1 immunosuppressive (antiproliferative, mTORi and

CNIs) drug withheld/reduced: 4/7 (42%)
• AKI in 3/7 (42%) and 1/3 (33%) required dialysis
• No rejection reported

Abrishami et al. [28]
• Immunosuppressive dosing reduced
• Oral steroid changed to intravenous steroid

• Hospitalized-
• Lopinavir/ritonavir: 12/12 (100%)
• HCQ: 12/12 (100%)
• IVIg: if rising creatinine or hypoxemia

• Inpatient death: 8/12 (75%)
• ICU admission: 10/12 (83%)
• ICU deaths: 8/10 (80%)
• Discharge: 4/12 (34%)

• Mortality: 8/12 (75%)
• MV: 9/12 and 8 deaths whilst on MV
• 2/12 (17%) patients were successfully discharged
• ≥1 immunosuppressive (antiproliferative, mTORi and

CNIs) drug withheld/reduced: 12/12 (100%)
• AKI incidence not reported
• No rejection reported
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Hoek et al. [29]

• Explicit details not available
• Tacrolimus levels were not modified except in one

patient in whom trough concentration was high
• MMF was stopped in severe cases only

Hospitalized-

• Azithromycin to most hospitalized pts

• Inpatient death: 4/16 (25%)
• ICU admission: 1/16 (6%)
• ICU deaths: 1/1 (100%)

• Mortality: 4/16 (25%)
• Single ICU death and other three were given supportive

care owing to frail state of patients. Co-morbidities:
HTN (3), DM (2) and obesity (1).

• ≥1 immunosuppressive (antiproliferative, mTORi and
CNIs) drug withheld/reduced: No explicit details

• AKI incidence not reported
• No rejection reported

Mella et al. [30]
• Tacrolimus withheld: 4/6 (67%)
• MMF withheld: 2/3 (33%)
• Increased methylprednisolone 20–40 mg/d): 6/6

• Darunavir + ritonavir: 2/6 (33%)
• HCQ: 2/6 (33%)
• Tocilizumab: 6/6 (100%)

• Inpatient death: 4/6 (67%)
• ICU admission: 4/6 (67%)
• ICU deaths: 4/4 (100%)

• Mortality: 4/6 (67%)
• All 4 ICU death and one had recent KT with

thymoglobulin induction
• MV: 4/6 and 4 deaths whilst on MV
• ≥1 immunosuppressive drug withheld: 67%
• No rejection observed
• No QTc prolongation reported in patients who received

HCQ

Montagud-Marrahi et al. [31]
• Immunosuppressive dosing reduced
• Increase steroid: 13/26 (50%)

Hospitalized-

• Lopinavir/ritonavir: 21/26 (81%)
• HCQ + azithromycin21/26 (81%)
• Tocilizumab: 13/26 (50%)

• Inpatient death: 2/26 (7%)
• ICU admission: 13/26 (50%)
• ICU deaths: 2/13 (14%)

• Mortality: 2/26 (7%)
• ≥1 immunosuppressive drug withheld: 79%
• One graft loss due to chronic graft dysfunction

(time-period: NA)
• No reported death in K/P transplant
• No QTc prolongation reported in patients who received

HCQ
• No rejection observed
• AKI incidence not reported
• Average hospital stay was 12.2 ± 7.1 days

Banerjee et al. [32]

• Tacrolimus withheld/reduced: 2/6 (32%)
• MMF withheld: 5/5 (100%)
• Azathioprine withheld: 1/2
• Increase steroid: 1/5 (20%)

NA

• Inpatient death: 1/5 (20%)
• ICU admission: 4/5 (80%)
• ICU deaths: 1/4 (25%)
• Still admitted: 3/5 (60%)

• Mortality: 1/7 (14%)
• MV: 2/7 and single death whilst on MV
• Patients with severe disease (3/7; 43%) were female and

had DM
• ≥1 immunosuppressive drug withheld/reduced: 71%
• Mostly antiproliferative agent as MMF and azathioprine

were stopped in 100%, then CNI
• No rejection reported
• AKI in 4/7 (57%) and 2/4 (50%) required dialysis

Malberti et al. [33]

• Tacrolimus withheld: 8/11 (73%)
• MMF withheld: 11/11 (100%)
• Increased prednisolone or prednisone to 15 mg/d or 25

mg/d) till disease resolution: 4/11 (36%)

Hospitalized-

• Lopinavir/ritonavir: 2/11 (18%)
• HCQ ± azithromycin: 3/11 (27%)
• Tocilizumab: 0 (0%)
• Remdesivir: 1 (9.1%)

• Inpatient death: 4/11 (36%)
• ICU admission: 3/11 (27%)
• ICU deaths: 3/3 (100%)
• Discharged: 7/11 (64%)

• Mortality: 4/11 (36%)
• ICU deaths: 3/3 (100%)
• Patients with severe disease (3/7; 43%) were female and

had DM
• MV: 3/11, three deaths
• Sepsis: 3/11 (27%)
• ≥1 immunosuppressive drug withheld/reduced: 100%
• No rejection reported
• AKI in 5/11 (45%) and 2/5 (40%) required dialysis
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Lubetzky et al. [34]

• Tacrolimus dose reduction: 20/37 (54%)
• MMF/MPA withheld: 24/38 (63%)
• MMF dose reduction: 10/38 (26%)
• Increase steroid: 5/39 (13%)

Hospitalized-

• HCQ: 31/39 (80%)
• Tocilizumab: 2/39 (5%)
• Remdesivir: 2/39 (5%)

• Inpatient death: 3/39 (8%)
• Sepsis: 4/39 (10%)
• ICU admission: 12/39 (31%)
• ICU deaths: 3/12 (25%)
• Discharged: 25/39 (64%)
• Still admitted: 11/39 (28%)

• Mortality: 3/39 (8%)
• MV: 9/39
• ≥1 immunosuppressive drug withheld/reduced: 61%
• No rejection reported
• AKI in 20/39 (51%) and 5/20 (25%) required dialysis
• One patient QTc prolongation and two had atrial

fibrillation on HCQ

Devresee et al. [35]

• Tacrolimus dose reduction: 9/10 (90%)
• Cyclosporine withheld: 2/5 (40%)
• Azathioprine withheld: 3/3
• MMF/MPA withheld: 10/12 (83%)
• Increase steroid: 2/18 (11%)
• mTORi: 3/3 (100%)

Hospitalized-

• HCQ: 15/18 (83%)

• Inpatient death: 2/18 (11%)
• ICU admission: 2/18 (11%)
• ICU deaths: 0/2 (0%)
• Discharged: 13/18 (72%)
• Still admitted: 3/18 (17%)

• Mortality: 2/18 (11%)
• MV: 2/18, no death
• ≥1 immunosuppressive drug withheld/reduced: 90%
• No rejection reported
• AKI in 5/18 (28%) and 0/5 (0%) required dialysis
• Both death patients had serious comorbidities:

terminally ill with uterine sarcoma and other had severe
active scleroderma

Crespo et al. [36] • Increase steroid: 203/380 (53%)

• Lopinavir/ritonavir: 5/16 (31%)
• HCQ: 369/380 (97%)
• Remdesivir: 2/89 (3%)
• Azithromycin: 206/380 (54%)
• Tocilizumab: 77/380 (20%)

• Inpatient death: 107/380 (28%)
• ICU admission: 50/380 (13.1%)
• ICU deaths: 33/50 (66%)

• Mortality: 107/380 (28%)
• ICU deaths: 33/50 (66%)
• MV: 73/380 and 60 deaths while on MV

Fava et al. [37]

• CNI dose reduction/withheld: 50/78 (64%)
• MMF/MPA withheld: 59/73
• (81%)
• mTOR dose reduction/withheld: 10/18 (55%)
• Steroid increase: 2/89 (2%)

• Lopinavir/ritonavir: 44/89 (49%)
• Darunavir + ritonavir: 3/89 (4.7%)
• HCQ: 86/89 (97%)
• Tocilizumab: 25/89 (28%)
• Remdesivir: 2/89 (3%)
• Azithromycin: 55/89 (62%)

• Inpatient death: 25/89 (28%)
• ICU admission: 17/89 (19%)
• ICU deaths: 8/17 (47%)

• Mortality: 25/89 (28%)
• ICU deaths: 8/17 (47%)
• MV: 8/89
• ICU deaths: 8/17 (47%)
• All deaths owing to ARDS except single sudden death
• ≥1 immunosuppressive drug withheld/reduced: 66%
• No rejection reported
• 6/11 mortality within ≤6 months of renal transplants
• Four patient had QTc prolongation

Zhang et al. [38]
• CNI dose reduction/withheld: 3/5 (60%)
• MMF/MPA withheld: 3/5 (60%)
• Steroid increase: 2/5 (40%)

• Oseltamivir: 5/5 (100%)
• Inpatient death: 0/5 (0%)
• Discharged: 2/5 (40%)
• Still admitted: 3/5 (60%)

• Mortality: 0/5 (0%)
• ≥1 immunosuppressive drug withheld/reduced: 60%
• Single rejection reported

Cravedi et al. [39]
• CNI dose reduction/withheld: 32/131 (60%)
• MMF/MPA withheld: 91/111 (60%)
• Steroid increase: 95/144 (66%)

• Lopinavir/ritonavir: 7/144 (4.9%)
• Darunavir + ritonavir: 3/144 (2.1%)
• HCQ: 101/144 (67.9%)
• Tocilizumab: 19/144 (13.4%)
• Remdesivir: 9/144 (3%)

• Inpatient death: 46/144 (32%)
• Discharged: 98/144 (68%)

• Mortality: 46/144 (32%)
• MV: 42/144 (29%) and 23 deaths while on MV
• ≥1 immunosuppressive drug withheld/reduced: 82%
• No rejection reported
• AKI in 74/144 (51.4%)

Maritati et al. [40]

• CNI dose reduction/withheld: 5/5 (100%)
• MMF/MPA withheld: 4/4 (100%)
• mTORi: 0/1 (0%)
• Steroid increase: 4/5 (80%)

• Lopinavir/ritonavir: 1/5 (20%)
• HCQ: 3/5 (60%)
• Tocilizumab: 5/5 (100%)

• Inpatient death: 2/5 (40%)
• Discharged: 2/5 (40%)

• Mortality: 2/5 (40%)
• MV: 3/5 (60%) and 2 deaths while on MV
• ≥1 immunosuppressive drug withheld/reduced: 100%
• No rejection reported
• One patient had long QT so did not receive
• One patient was on ECMO and very sick but preserved

graft function
• AKI in 3 (60%) patients and 1 had renal replacement

therapy



J. Clin. Med. 2021, 10, 4533 31 of 39

Table A3. Cont.

Elias et al. [41]
• CNI dose reduction/withheld: 2/57 (4%)
• MMF/MPA withheld: 38/61 (62%)
• Belatacept: 1/6 (17%)

• HCQ: 6/60 (10%)
• Tocilizumab: 1/60 (2%)

• Inpatient death: 16/60 (27%)
• Discharged: 50/60 (83%)

• Mortality: 16/60 (27%)
• MV: 15/60 (25%) and 11 deaths while on MV
• ≥1 immunosuppressive drug withheld/reduced: 64%
• No rejection reported
• ARDS with mechanical ventilation: 15/38 (39%)
• AKI in 28/60 (47%) patients
• RRT required in 7/28 (25%)
• Multivariate analysis revealed higher disease

prevalence in non-white, obese, chronic lung disease,
and diabetics.

Chen et al. [42]

• CNI dose reduction/withheld: 30/30 (100%)
• MMF/MPA withheld: 30/30 (100%)
• Belatacept: 6/6 (100%)
• Steroid increase: 18/30 (60%)

• HCQ: 30/30 (100%)
• Azi: 30/30 (100%)

• Inpatient death: 6/30 (20%)
• Discharged: 23/30 (77%)
• Still admitted: 1/30 (3%)

• Mortality: 6/30 (20%)
• MV: 7/30 (23%) and 6 deaths while on MV
• ≥1 immunosuppressive drug withheld/reduced: 100%
• No rejection reported
• AKI in 23/30 (77%) patients
• RRT required in 4/23 (25%)
• Two pts had ischemic stroke

Mehta et al. [43]
• CNI dose reduction/withheld: 0/30 (100%)
• MMF/MPA withheld: 33/34 (97%)

• HCQ: 33/34 (97%)
• Azi: 27/34 (79%)
• Tocilizumab: 9/34 (27%)

• Inpatient death: 6/34 (18%)
• Discharged: 26/34 (76%)
• Still admitted: 2/34 (6%)

• Mortality: 6/34 (18%)
• MV: 13/34 (18%) and 5 deaths while on MV
• ≥1 immunosuppressive drug withheld/reduced: 97%
• No rejection reported
• AKI in 18/34 (53%) patients
• RRT required in 0/18 (0%)

Silva et al. [44]

• CNI dose reduction/withheld: 2/5 (40%)
• MMF/MPA withheld: 4/4 (100%)
• AZA: 1/1 (100%)
• Steroid increase: 1/5 (20%)

• HCQ: 3/5 (60%) • Inpatient death: 1/5 (20%)
• Discharged: 4/5 (80%)

• Mortality: 1/5 (20%)
• MV: 1/5 (20%) and 1 death while on MV
• ≥1 immunosuppressive drug withheld/reduced: 100%
• No rejection reported
• AKI in 3/5 (60%) patients
• RRT required in 0/3 (0%)

Chavarot et al. [45]
• CNI dose reduction/withheld: 36/90 (40%)
• MMF/MPA withheld: 56/71 (79%)

• HCQ: 11/85 (13%)
• Azi: 27/34 (79%)
• Tocilizumab: 9/34 (27%)

• Inpatient death: 26/100 (26%)
• Discharged: 62/100 (62%)
• Still admitted: 12/100 (12%)

• Mortality: 26/100 (26%)
• ICU admission 34 and mortality in ICU was 17 (50%)
• MV: 29%
• ≥1 immunosuppressive drug withheld/reduced: 79%
• Two acute rejection reported
• AKI in 3/5 (60%) patients
• RRT required in 0/3 (0%)

Meester et al. [46] NA NA • Inpatient death: 6/43 (14%) • Mortality: 6/43 (14%)

Abolghasemi et al. [47] NA

• Lopinavir/ritonavir: 18/24 (75%)
• HCQ: 24/24 (100%)
• Ribavarin: 6/24 (25%)
• Flavipiravir: 1/24 (4%)

• Inpatient death: 10/24 (42%)
• Discharged: 14/24 (58%)

• Mortality 10/24 (42%)
• ICU admission 50%
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Cucchiari et al. [48] • Steroid increase: 8/28 (29%)

• Lopinavir/ritonavir: 24/28 (86%)
• HCQ: 27/28 (96%)
• Azi: 27/28 (96%)
• Tocilizumab: 18/28 (64%)

• Inpatient death: 5/28 (18%) • Mortality: 5/28 (18%)
• ICU admission 29%

Kute et al. [49]
• CNI dose reduction/withheld: 71/250 (28%)
• MMF/MPA withheld: 250/250 (100%)
• Steroid increase: 100/250 (40%)

• Favipravir: 54/250 (21%)
• HCQ: 160/250 (64%)
• Azi: 200/250 (80%)
• Tocilizumab: 26/250 (10.4%)
• Remdesivir: 9/144 (3%)

• Inpatient death: 29/200 (18%)
• Discharged: 156/200 (78%)

• Mortality (18%)
• ICU admission 26.5% and mortality in ICU was 29/53

(47%)
• MV: 30/200 (15%) and 29 death whilst on MV
• ≥1 immunosuppressive drug withheld/reduced: 100%
• Graft loss: 12
• AKI in 121/250 (48%) patients RRT required in 24/121

(20%)

Caillard et al. [50]
• CNI dose reduction/withheld: 58/202 (29%)
• MMF/MPA withheld: 136/192 (71%)
• Belatacept: 7/15 (47%)

• Lopinavir/ritonavir: 11/243 (4.5%)
• HCQ: 60/243 (25%)
• Azi: 71/243 (29%)
• Tocilizumab: 13/243 (5.3%)
• Remdesivir: 2/243 (0.8%)

• Inpatient death: 43/243 (17.6%)

• Mortality (17.6%)
• ICU admission 36%
• MV: 72/243 (30%)
• ≥1 immunosuppressive drug withheld/reduced: 71%
• Graft loss: 9
• AKI in 106/243 (44%) patients RRT required in 27/106

(25%)

Kutzler et al. [51]

• CNI dose reduction/withheld: 2/5 (40%)
• MMF/MPA withheld: 3/5 (60%)
• Belatacept: 1/1 (100%)
• Steroid increase: 3/10 (30%)

• HCQ: 3/10 (30%)
• Azi: 3/10 (30%)
• Tocilizumab: 1/10 (10%)

• Inpatient death: 6/10 (60%) • Mortality (60%)
• ≥1 immunosuppressive drug withheld/reduced: 60%

Mairons et al. [52] NA NA • Inpatient death: 8/30 (26.6%) • Mortality (26.6%)

Sharma et al. [53] NA NA • Inpatient death: 2/16 (12.5%) • Mortality (12.5%)

Mohamed et al. [54]
• MMF/MPA withheld/reduced: 20/21 (95%)
• Aza withheld/reduced: 3/3 (100%)
• Steroid increase: 12/27 (44%)

NA • Inpatient death: 9/28 (32%)

• Mortality (32%)
• ICU admission 18% and mortality in ICU was 4/5 (80%)
• ≥1 immunosuppressive drug withheld/reduced: 95%
• AKI in 14/25 (56%) patients RRT required in 2/14 (14%)

Felldin et al. [55]
• CNI dose reduction/withheld: 9/22 (41%)
• MMF/MPA withheld: 12/12 (100%)
• Steroid increase: 3/22 (14%)

NA
• Inpatient death: 3/22 (14%)
• Discharged: 16/22 (72%)
• Still admitted: 3/22 (14%)

• Mortality (14%)
• ICU admission 32% and mortality in ICU was 3/7 (43%)
• MV: 6/22 (27%) and mortality whilst on MV was 2/6

(33%)
• ≥1 immunosuppressive drug withheld/reduced: 100
• AKI in 14/22 (64%) patients RRT required in 5/14 (36%)

Kates et al. [56] NA NA • Inpatient death: 57/318 (18%) • Mortality (18%)

Benotmane et al. [57]
• CNI dose reduction/withheld: 15/35 (41%)
• MMF/MPA withheld: 34/34 (100%)
• Steroid increase: 6/40 (15%)

• HCQ: 15/40 (37.5%)
• Azi: 26/40 (65%)
• Tocilizumab: 4/40 (10%)

• Inpatient death: 9/40 (23%) • Mortality (23%)
• ≥1 immunosuppressive drug withheld/reduced: 100
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Chaudhry et al. [58] NA NA • Inpatient death: 8/26 (31%) • Mortality (31%)

Craig-Schapiro et al. [59]
• MMF/MPA withheld: 11/36 (30%)
• Steroid increase: 8/45 (18%)

• Azi/Doxy: 18/45 (40%)
• HCQ: 34/45 (76%)
• Tocilizumab: 2/45 (4%)
• Remdesivir: 2/243 (0.8%)

• Inpatient death: 13/52 (25%)

• Mortality (25%)
• ICU admission 25% and mortality in ICU was 11/16

(69%)
• ≥1 immunosuppressive drug withheld/reduced: 89%
• AKI in 26/46 (57%) patients RRT required in 4/26 (15%)
• Graft loss: 4

Demir et al. [60]
• CNI dose reduction/withheld: 11/36 (30%)
• MMF/MPA withheld: 40/40 (100%)

• Favipiravir: 18/40 (45%)
• Tocilizumab: 5/40 (12.5%) • Inpatient death: 5/40 (12.5%)

• Mortality (12.5%)
• ICU admission 17.5% and mortality in ICU was 5/7

(71%)
• MV requirement 15% and mortality in ICU was 5/6

(83%)
• ≥1 immunosuppressive drug withheld/reduced: 100%

Hilbrands et al. [61]
• CNI dose reduction/withheld: 84/175 (48%)
• MMF/MPA withheld: 88/145 (61%)
• Steroid increase: 49/171 (18%)

• Lopinavir/ritonavir: 49/271 (18%)
• HCQ: 198/271 (73%)
• Tocilizumab: 24/271 (9%)
• Remdesivir: 2/271 (1%)

• Inpatient death: 64/271 (24%)

• Mortality (24%)
• ICU admission 40% and mortality in ICU was 26/58

(45%)
• ≥1 immunosuppressive drug withheld/reduced: 61%

Pascual et al. [62]
• CNI dose reduction/withheld: 15/24 (63%)
• MMF/MPA withheld: 20/21 (95%)
• Steroid increase: 12/24 (50%)

• Lopinavir/ritonavir: 8/24 (33%)
• HCQ: 22/24 (92%)
• Tocilizumab: 8/24 (33%)
• Remdesivir: 2/271 (1%)

• Inpatient death: 11/24 (46%)

• Mortality (46%)
• ICU admission 17% and mortality in ICU was 2/4 (50%)
• MV requirement 37.5% and mortality in ICU was 7/9

(78%)
• ≥1 immunosuppressive drug withheld/reduced: 95%

Rodriguez-Cubillo et al. [63]
• MMF/MPA withheld: 23/23 (100%)
• Steroid increase: 18/29 (62%)

• HCQ: 27/29 (93%)
• Tocilizumab: 9/29 (31%) • Inpatient death: 6/29 (21%)

• Mortality (21%)
• ICU admission 17% and mortality in ICU was 2/5 (40%)
• MV requirement 14% and mortality in ICU was 2/5

(40%)
• ≥1 immunosuppressive drug withheld/reduced: 100%

Sanchez-Alvarez et al. [64] • Steroid increase: 246/437 (56%)
• Lopinavir/ritonavir: 176/437 (40%)
• HCQ: 427/437 (98%)
• Tocilizumab: 82/437 (19%)

• Inpatient death: 108/437 (25%) • Mortality (25%)

Oto et al. [65]
• CNI dose reduction/withheld: 15/95 (15%)
• MMF/MPA withheld: 94/94 (100%)
• Steroid increase: 59/101 (58%)

• Lopinavir/ritonavir: 10/94 (11%)
• HCQ: 108/109 (99%)
• Tocilizumab: 10/99 (10%)

• Inpatient death: 14/109 (13%)

• Mortality (13%)
• ICU admission 20% and mortality in ICU was 13/22

(59%)
• MV requirement 17% and mortality in ICU was 13/19

(68%)
• ≥1 immunosuppressive drug withheld/reduced: 100%

Elhadedy et al. [66]
• MMF/MPA withheld: 7/7 (100%)
• Steroid increase: 1/8 (13%) NA • Inpatient death: 0/8 (0%)

• Mortality (0%)
• ICU admission 13% and mortality in ICU was 0/1 (0%)
• MV requirement 13% and mortality in ICU was 0/1 (1
• ≥1 immunosuppressive drug withheld/reduced: 100%

Abbreviations—AKI: Acute kidney injury; ARDS: Acute respiratory distress syndrome; ATG: Anti-thymocyte globulin; AZA: Azathioprine; Azi: Azithromycin; CAD: Coronary artery disease; CNI: Calcineurin
inhibitor; COPD: Chronic obstructive pulmonary disease; DM: Diabetes mellitus; ECMO: Extra corporeal membrane oxygenator; HCQ: Hydroxychloroquine; HTN: Hypertension; ICU: Intensive care unit; IVIg:
Intravenous immunoglobin; KT: Kidney transplant; K/P: Kidney & Pancreas; mTOR: Mammalian target of rapamycin; MV: Mechanical ventilation; MMF: Mycophenolate mofetil; MPA: Mycophenolic acid; NA:
Not available/Not applicable; QTc: Corrected QT interval; RRT: Renal replacement therapy; IL-6 antagonist: Interleukin-6 antagonist (tocilizumab).
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Table A4. Summary statistics outlined as pooled estimates of outcomes of interest.

Attributes Events Total Studies
Single Group
Summary (95% CI)

Random-Effects
Model

Demographic variables

Age (years) NA 2971 44 57.08 (54.55–59.03)
Male 1911 2985 44 0.66 (0.61–0.70)
Caucasians 401 860 14 0.40 (0.21–0.58)
African-American 170 898 15 0.27 (0.19–0.36)
Hispanics 136 589 13 0.19 (0.10–0.28)
Deceased donor
transplant 492 996 20 0.58 (0.40–0.77)

Living donor
transplant 497 996 18 0.41 (0.21–0.61)

Comorbidities

T2DM 621 1785 33 0.34 (0.29–0.40)
Hypertension 1404 1733 32 0.83 (0.78–0.88)
Heart disease 398 1738 28 0.23 (0.17–0.28)
Chronic lung disease 233 1368 19 0.15 (0.05–0.24)
Malignancy 95 1010 12 0.08 (0.06–0.11)
Obesity 239 713 14 0.36 (0.26–0.46)
Smoking 155 976 11 0.15 (0.10–0.20)

Maintenance immunosuppression

CNI 1942 2307 39 0.91 (0.88–0.94)
MMF 1784 2325 38 0.79 (0.73–0.85)
Steroid 1876 2313 37 0.86 (0.82–0.90)
mTOR inhibitors 267 1934 20 0.12 (0.09–0.16)

Presenting parameters and symptoms

Fever 1716 2308 37 0.77 (0.72–0.81)
Cough 1362 2122 35 0.65 (0.61–0.69)
Dyspnea 1003 2303 37 0.48 (0.42–0.53)
Gastrointestinal
symptoms 711 2282 34 0.29 (0.25–0.34)

Investigations

Lymphocytopenia 607 802 15 0.79 (0.70–0.89)
High CRP 109 205 9 0.60 (0.35–0.84)
Radiological
evidence of
pneumonia

982 1312 29 0.81 (0.74–0.88)

Clinical management & outcome

ARDS 197 344 13 0.58 (0.48–0.69)
CNI
withheld/reduced 527 1498 33 0.43 (0.30–0.56)

MMF
withheld/reduced 1181 1393 35 0.91 (0.88–0.94)

mTOR inhibitor
withheld/reduced 31 47 9 0.72 (0.51–0.94)

Increase/pulse
steroid 940 2172 31 0.40 (0.30–0.50)

HCQ 1945 2623 34 0.73 (0.66–0.80)
Azithromycin 739 1302 17 0.62 (0.47–0.76)
Lopinavir/ritonavir 554 1861 18 0.41 (0.29–0.53)
Tocilizumab 386 2477 26 0.21 (0.16–0.26)
Remdesivir 28 977 8 0.03 (0.01–0.04)
ICU admissions 570 2439 37 0.26 (0.22–0.30)
Mechanical
ventilation 433 1848 33 0.24 (0.20–0.28)

AKI 626 1260 30 0.48 (0.43–0.53)
Dialysis 118 534 27 0.22 (0.16–0.29)
ICU death 184 355 27 0.53 (0.44–0.63)
Death on mechanical
ventilator 206 285 24 0.68 (0.58–0.79)

Hospital death 718 3137 48 0.21 (0.19–0.24)

Abbreviations—AKI: Acute kidney injury: ARDS: Acute respiratory distress syndromes; CNI: Calcineurin
inhibitor; CRP: C-reactive protein; T2DM: Diabetes mellitus Type 2; GIs: Gastrointestinal symptoms; HCQ:
Hydroxychloroquine: ICU: Intensive care unit; K/P: Kidney and Pancreas; MV: Mechanical ventilation; MMF:
Mycophenolate mofetil; MPA: Mycophenolic acid; mTOR: Mammalian target of Rapamycin. † Pooled prevalence
was measured as effect size (ES). In the case of age, it is a measure of mean; for the remaining variables, it is
expressed as the proportion of individuals (i.e., events) out of a total available sample size based upon inclusion
of the index parameters. Single group summary is represented as a pooled effect size (ES) and is presented as a
percentage in the Results section.
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