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The outcome of kidney transplant patients with severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) infection is still unclear. Here we describe the clinical 
characteristics, disease outcome, and risk factors for acute respiratory distress syn-
drome (ARDS) and death of a cohort of 53 kidney transplant patients with coronavi-
rus disease 2019 (COVID-19). Eight of 53 have been handled as outpatients because 
of mild disease, on average with immunosuppression reduction and the addition of 
hydroxychloroquine and azithromycin; no patients required admission, developed 
ARDS, or died. Because of severe symptoms, 45/53 required admission: this co-
hort has been managed with immunosuppression withdrawal, methylprednisolone 
16 mg/d, hydroxychloroquine, and antiviral drugs. Dexamethasone and tocilizumab 
were considered in case of ARDS. About 33% of the patients developed acute kidney 
injury, 60% ARDS, and 33% died. In this group, thrombocytopenia was associated to 
ARDS whereas lymphopenia at the baseline, higher D-dimer, and lack of C-reactive 
protein reduction were associated with risk of death. In the overall population, dysp-
nea was associated with the risk of ARDS and age older than 60 years and dyspnea 
were associated with the risk of death with only a trend toward an increased risk of 
death for patients on tacrolimus. In conclusion, SARS-CoV-2 infection may have a 
variable outcome in renal transplant patients, with higher risk of ARDS and death in 
the ones requiring admission.
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1  | INTRODUC TION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
infection in the general population may present a variable out-
come ranging from mild to severe/life-threatening forms. We 
have recently described the first cohort of kidney transplant pa-
tients with coronavirus disease 2019 (COVID-19)1 treated with a 
therapeutic approach based on immunosuppression withdrawal, 
higher-dose steroids, antivirals, hydroxychloroquine, and dexa-
methasone with or without tocilizumab for the subgroup develop-
ing acute respiratory distress syndrome (ARDS) with progressive 
respiratory failure2; the mortality rate of this population was 25%. 
Since our preliminary report and at the time of the first version of 
this paper (end of April 2020), 2 further monocentric case series of 
kidney transplant patients had been published with variable out-
comes: the Columbia and the Montefiore Medical Center cohorts, 
which included, respectively, 15 and 36 patients with mortality 
rates of 7% and 28%. In both of these cohorts, the antimetabolite 
was withdrawn, while the calcineurin inhibitors (CNIs) cessation 
was restricted to severe cases. The vast majority of the Columbia 
cohort patients received hydroxychloroquine and azithromycin, 
whereas these drugs were employed, respectively, in 86% and 
46% of the Montefiore Medical Center cohort. Tocilizumab was 
administered only in a few cases.3,4

Here we describe the clinical characteristics and outcomes of a 
cohort of 53 kidney transplant patients (KTx) with COVID-19 fol-
lowed within 3 centers of the Brescia Renal COVID task force and 
try to identify prognostic factors for poor outcome. The manuscript 
includes 20 patients already described in another report1 with ex-
tended follow-up and 33 patients who have not been, until now, the 
subject of publication.

2  | METHODS

From March 1 to April 16, 2020, we enrolled all KTx with SARS-
CoV-2 infection admitted within 3 centers of the Brescia Renal 
COVID task force (Spedali Civili of Brescia, Cremona Hospital, and 
Crema Hospital) and all the kidney transplant outpatients with 
proven SARS-CoV-2 infection followed at Spedali Civili of Brescia. 
To be eligible for this study, patients had to have symptoms compat-
ible with COVID-19 and a positive reverse transcription polymerase 
chain reaction (RT-PCR) for SARS-CoV2; no asymptomatic patients 
identified during contact screening have been included in this survey.

The indication on patients’ management (inpatients vs outpa-
tients) was based only on symptom severity as well as the presence 
of signs or symptoms of ongoing pneumonia.

The therapeutic strategy followed our protocol.2 Antiviral ther-
apy with lopinavir/ritonavir associated with hydroxychloroquine 
(with dose adjusted according to kidney function) was considered 
for all patients requiring admission, if not contraindicated, for a 
treatment length of a minimum of 7 days up to a maximum of 15 ac-
cording to clinical evolution or treatment with glucocorticoids and/

or tocilizumab. In case of shortage of lopinavir/ritonavir, darunavir 
and ritonavir were employed.

Patients experiencing clinical deterioration after at least 7 days 
following symptom onset, or no fever for >72 hours, with escalating 
oxygen requirements, progression of the chest X-ray, and no signs 
of bacterial infection, were considered for dexamethasone (20 mg/
daily for 5 days, then 10 mg/daily for 5 days) and up to 2 tocilizumab 
infusions at an interval of 12-24 hours (8 mg/kg of body weight, max-
imum dose per infusion 800 mg).

Considering the well-known potential of lopinavir/ritonavir and 
hydroxychloroquine for increasing QTc, a baseline electrocardiogram 
was performed before therapy commencement and, afterwards, 
every 2-3 days; in case of QTc prolongation a reduction or discontinu-
ation of treatment was considered in a case-by-case manner.

The outpatients were monitored daily, using a telemedicine ap-
proach; in this subgroup baseline blood tests were not performed in 
order to promote social distancing.

Low dose of glucocorticoids was defined as methylprednisolone 
4 mg or equivalent; medium dose of glucocorticoids was defined as 
16 mg of methylprednisolone or equivalent. ARDS was defined as 
per previous publications.5

Ethical approval for this study was obtained according to Italian 
regulations.

2.1 | Statistical analyses

Statistical analysis was performed using R software (https://www.r-
proje ct.org) and GraphPad Prism 7. Results are expressed as the 
number and percentage for categorical variables and the median (in-
terquartile range [IQR]) for continuous variables.

Changes in variables were compared by a related sample 
Wilcoxon test, proportions of patients were compared using a chi-
square or Fisher test, as appropriate.

Univariate and multiple logistic regression models were used to 
assess the ability of some predefined clinical characteristics to predict 
the risk of ARDS or death. All the statistically significant predictors at 
univariate analysis were entered in a multivariate model; age at dis-
ease diagnosis was added to the multivariate models as a factor likely 
to play an a priori role.6 Finally, the best multivariate model was iden-
tified by adopting a stepwise selection approach. Odds ratios (ORs) 
and their 95% confidence intervals (CIs) were estimated from logistic 
regression analysis. P < .05 (2-tailed) were considered significant.

3  | RESULTS

Fifty-three patients were included in this study; all the patients had 
symptoms suggestive for COVID-19 and had been assessed in the 
emergency room or in our clinics. In both settings, patients received 
the swab and were then admitted in case of severe symptoms and/
or low blood oxygen levels or managed as outpatients in the case of 
mild symptoms and normal blood oxygen levels. For all the patients, 

https://www.r-project.org
https://www.r-project.org
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diagnosis has been established on RT-PCR of nasopharyngeal swabs. 
Of the 53 patients, 42 have been managed as inpatients and 11 as out-
patients; of the latter group, 3 were admitted within 3 days from the 
diagnosis because of aggravation of symptoms and were considered in 
the admitted cohort. Of the 45 patients admitted, 28 were followed at 
the Spedali Civili of Brescia, 13 at the Cremona hospital, and 4 at the 
Crema hospital. Patients’ characteristics are shown in Table 1.

3.1 | Outpatients’ cohort

This group included 8 patients; the median time from symptoms onset 
to the diagnosis was 4.5 days (IQR 2.8-8). Only 1 patient of this group 
had a baseline chest X-ray available that showed unilateral infiltrates; 
baseline blood tests are not available for this group. Main clinical char-
acteristics are shown in Table 1. Changes in patients immunosuppres-
sion and glucocorticoids dose are shown in Figure 1, panel A.

In this group, antivirals were not administered, whereas all the 
patients received hydroxychloroquine for 10 days after a median 
time of 3 days (IQR 2-5) from symptoms onset and azithromycin for a 
median length of 5 days (IQR 5-6) after a median of 5 days (IQR 4-10) 
from symptoms onset. No patients experienced adverse events be-
cause of the commencement of new drugs.

The median follow-up for this cohort has been 26 days (IQR 23-29) 
during which 6/8 patients experienced the onset of new symptoms 
compared to the baseline: cough in 4/6, myalgia or fatigue in 3/6, and 
gastrointestinal symptoms in 2/6. Five of 8 patients showed the first 
negative swab after a median of 21 days (IQR 19-27) from symptoms 
onset and 14 days (IQR 13-16) from the disease diagnosis with posi-
tive RT-PCR. No patients required admission or developed ARDS or 
died. At the last follow-up, 5/8 patients were still on the immunosup-
pressive scheme employed at the diagnosis of the SARS-CoV-2 infec-
tion, whereas in 3/8 the CNI was increased to the full dose.

3.2 | Admitted cohort

Forty-five of 53 patients required admission; the median time from 
symptom onset to admission was 7 days (IQR 4-10), and the median 
time from symptom onset to the positive RT-PCR was 6 days (IQR 
3-9). Main clinical characteristics are shown in Table 1. All the patients 
underwent a change of the immunosuppressive drugs at admission 
and after a median time of 7 days (IQR 3-9) from disease onset. The 
therapeutic approach is shown in Figure 1 panel B; immunosuppres-
sive changes have been made at the moment of admission in 34/45 
or within 24 hours from admission in 11/45. Antiviral therapy was 
administered in 32/45 (71%) after a median time of 6 days (IQR 3-9) 
from symptoms onset and of 1 day (IQR 0-2) from positive RT-PCR; 
2/32 (6%) developed side effects requiring cessation of the therapy: 
antivirals and hydroxychloroquine were withdrawn because of vom-
iting in 1 case, hydroxychloroquine was suspended because of QTc 
prolongation in another case. A total of 23/45 (51%) received pro-
phylactic heparin during the hospital stay, and 17/45 (38%) were on 

angiotensin-converting enzyme inhibitors or angiotensin receptor 
blockers at admission.

During a median in-hospital stay time of 11 days (IQR 7-16), 27/45 
(60%) developed ARDS and 10/45 (22%) required intensive care unit 
(ICU) care, of whom 9/10 (90%) required mechanical ventilation and 
of these patients 8/9 died; of note, access to ICU and mechanical 
ventilation was associated with an increased risk of death (respec-
tively, OR 21, P = .0007 and OR 33.1, P = .002). Regarding the 
ward-managed patients with ARDS, 7/17 (41%) subsequently died; 
of these 7 patients, 6 were not considered eligible for ICU because 
of comorbidities and 1 refused ICU care. Among the 45 patients, 15 
(33%) developed AKI and 3/15 (20%) required hemodialysis.

Fifteen of 45 (33%) patients died; in 14/15 the cause of death 
appeared to be related to ARDS, whereas 1/15 died of likely bacte-
rial sepsis (high C-reactive protein [CRP], high procalcitonin in the 
context of resolved ARDS).

For ARDS management and in the context of progressive respi-
ratory failure, 18/45 (40%) received dexamethasone: 10/18 (56%) 
died, and 6/18 (33%) were subsequently discharged. Nine of 18 (50%) 
showed amelioration in terms of chest X-ray or respiratory failure im-
provement. Eight of 18 patients (44%) also received tocilizumab on top 
of dexamethasone: 3/8 (38%) died and 3/8 (38%) have been discharged. 
Five of 8 (63%) showed improvement in terms of chest X-ray or respi-
ratory failure (reduction of infiltrates, improvement of the pO2/FIO2 
ratio; data not shown). Patients who received dexamethasone and to-
cilizumab were more likely to experience an amelioration compared to 
the ones receiving only dexamethasone (5/8, 63% vs 4/10, 40%).

At the end of the follow-up, 27/45 patients (60%) were discharged. 
At discharge, all the patients continued the immunosuppressive 
scheme adopted during the hospitalization (Table 1). Among the dis-
charged patients, 20/27 had a medium further follow-up of 19 days 
(IQR 15-22). During this further follow-up, the immunosuppression 
was modified in 17/20: 13/17 halved the methylprednisolone dose to 
8 mg/d and introduced the CNI at half dose compared to the baseline, 
2/17 halved the methylprednisolone dose to 8 mg/d and introduced 
the CNI and mycophenolate mofetil at half dose compared to the base-
line, 1/17 maintained methylprednisolone at the dose of 16 mg/d and 
halved the CNI, and 1/17 maintained methylprednisolone at the dose 
of 16 mg/d and introduced the inhibitors of the mammalian target of 
rapamyci. Fifteen of 20 patients with extended follow-up experienced 
a negative RT-PCR after a median of 14 days (IQR 12-18).

3.3 | Blood tests

Baseline blood tests of the 45 admitted patients are shown in Table 1. 
Patients with platelet count lower than 160 × 103/µL were found at 
increased risk of ARDS (OR 6; 95% CI, 1.5-28.5; P = .02), whereas 
patients with lymphocyte count lower than 0.6 × 103/µL showed 
a trend toward a higher risk of death (OR 4.9; 95% CI, 0.95-37-8; 
P = .078) (Table 2). From the renal function point of view, patients 
presented a medium creatinine level increase of +21% (IQR 7%-30%) 
compared to baseline, whereas the medium maximum creatinine 



3022  |     BOSSINI et al.

TA B L E  1   Baseline clinical characteristics of 53 kidney transplant patients affected by SARS-CoV-2 infection and followed within 3 
centers of the “Brescia Renal COVID task force”

Characteristics All patients (53) Outpatients (8) Admitted (45)

Male/female 42 (79%) 6 (75%) 36 (80%)

Age (y) 60 (IQR 50-67) 62 (IQR 52-71) 60 (IQR 50-67)

Cause of ESRD

ADPKD 12 (23%) 1 (13%) 11 (24%)

Not determined 17 (32%) 2 (25%) 15 (33%)

IgA 8 (15%) 3 (38%) 5 (11%)

CAKUT 5 (9%) 0 5 (11%)

Other glomerulonephritis 6 (11%) 0 6 (13%)

Other 5 (9%) 2 (25%) 3 (7%)

Comorbidities

Hypertension 42/53 (79%) 6/8 (75%) 36/45 (80%)

Cardiac diseases 10/53 (19%) 1/8 (13%) 9/45 (20%)

Previous DVT 4/53 (8%) 0/8 (0%) 4/45 (9%)

Diabetes 11/53 (21%) 1/8 (13%) 10/45 (22%)

Other 4/53 (8%) 0/8 (0%) 4/45 (9%)

Type of transplant

Dead donor – single kidney 45/53 (85%) 8/8 (100%) 37/45 (82%)

Live donor 5/53 (9%) 0 5/45 (11%)

Otherb  3/53 (6%) 0 3/45 (7%)

Induction

Thymoglobulin 17/38 (45%) 4/8 (50%) 14/32 (44%)

Basiliximab 14/38 (37%) 3/8 (38%) 12/32 (38%)

Alemtuzumab 6/38 (16%) 0 6/32 (19%)

Other 1/38 (3%) 1/8 (13%) 0

Baseline immunosuppression

Cyclosporine 17/53 (32%) 3/8 (38%) 14/45 (31%)

Tacrolimus 31/53 (58%) 3/8 (38%) 28/45 (62%)

mTORi 6/53 (11%) 1/8 (13%) 5/45 (11%)

MMF 32/53 (60%) 6/8 (75%) 26/45 (58%)

Low dose glucocorticoidsa 30/53 (57%) 6/8 (75%) 24/45 (53%)

Baseline creatinine (mg/dL) 1.83 (1.5-2.4) 2.1 (1.8-2.5) 1.8 (1.5-2.4)

Transplant age (y) 9.2 (IQR 4-16) 15 (IQR 4-17) 9 (IQR 4-15)

SARS-CoV-2 infection symptoms at disease onset

Temperature (>37.5°C) 51/53 (96%) 7/8 (88%) 44/45 (98%)

Cough 26/53 (49%) 3/8 (38%) 23/45 (51%)

Gastrointestinal symptoms 9/53 (17%) 2/8 (25%) 7/45 (16%)

Pharyngitis 7/53 (13%) 0/8 7/45 (16%)

Shortness of breath 15/53 (28%) 0/8 15/45 (33%)

Myalgia 18/54 (33%) 2/8 (25%) 16/45 (36%)

Baseline chest X-ray

No infiltrates — — 1/39 (3%)

Unilateral infiltrates 12/40 (30%) 1/1 (100%) 11/39 (28%)

Bilateral infiltrates — — 27/39 (69%)

Baseline chest CT

(Continues)
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during the stay in hospital compared to baseline was 0% (IQR 0%-
13%); for the discharged patients, the serum creatinine compared to 
the baseline was −8% (IQR −20% to 7.1%); creatinine changes during 
admission and compared to baseline for the subgroup of 28 patiets 
admitted in the Spedali Civili of Brescia are shown in Figure 2.

For the subgroup of 28 patients admitted in the Spedali Civili of 
Brescia, longitudinal blood tests have been available (Figure 3). In 
the subgroup of patients who eventually died, baseline lymphocyte 
count was significantly lower (P = .008, Figure 3, panel A), base-
line D-dimer was significantly higher (P = .02, Figure 3, panel F) and 
the CRP tended to remain higher during the follow-up, although the 
difference was statistically significant only at the time point “Days 
13-15” (P = .018, Figure 3, panel D). The through levels of tacrolimus 
and cyclosporine tended to slowly decrease during the follow-up, 
despite CNIs were withdrawn at admission (Figure 3, panel H).

3.4 | Clinical characteristics associated to the risk of 
ARDS and death

In the overall population of 53 patients, at univariate analysis, the only 
clinical characteristic associated to the risk of developing ARDS was 
shortness of breath at disease onset (OR 5.9; 95% CI, 1.6-29.1; P = .015). 
A trend for increased risk of ARDS was recorded in patients on tacrolimus 

(OR 2.77; 95% CI 0.91-8.9, P = .077) and in patients with pharyngitis at 
disease onset (OR 6.9; 95% CI, 0.76-61.7; P = .09), whereas a protective 
trend toward the risk of ARDS was a transplant vintage >10 years (OR 
0.37; 95% CI, 0.12-1.1; P = .078) and the presence of gastrointestinal 
symptoms at disease onset (OR 0.21; 95% CI, 0.04-1.1; P = .07) (Table 3). 
At the multivariate analyses including age as risk factor identified a priori, 
dyspnea at disease onset was associated with the risk of development of 
ARDS (OR 6.61; 95% CI, 1.7-35; P = .013) (Table 4).

Clinical characteristics associated to the risk of death at univar-
iate analysis were immunosuppression with tacrolimus (OR 4; 95% 
CI, 1.1-19.7; P = .05) and shortness of breath at disease onset (OR 
7.75; 95% CI, 2.1-32.2; P = .003) (Table 3). At multivariate analysis 
including age as risk factor identified a priori, age >60 and shortness 
of breath have been identified as risk factors for death (OR 1.12; 
95% CI, 1.03-1.24); P = .01 and OR 13.7; 95% CI, 2.7-68.9); P = .004, 
respectively); only a trend as risk factor for treatment with tacroli-
mus has been identified (OR 4.8; 95% CI, 0.97-32; P = .07) (Table 4).

4  | DISCUSSION

The first version of this paper was drafted at the end of April 2020 when, 
apart from our preliminary cohort of 20 patients,1 reports of only 2 fur-
ther cohorts of kidney transplant patients had been published;3,4 at that 

Characteristics All patients (53) Outpatients (8) Admitted (45)

Infiltrates <50% 4/8 (50%) 4/8 (50%)

Infiltrates >50% 4/8 (50%) 4/8 (50%)

Baseline blood tests

WBC (NV 4.00-10.80 × 103/µL) — — 5560 (4140-7400)

Neutrophils (NV 1.50-8.00 × 103/µL) — — 4066 (IQR 2864-6790)

Lymphocytes (NV 0.90-4.00 × 103/µL) — — 590 (IQR 430-1092)

Platelets (NV 130-400 × 103/µL) — — 162 000 (IQR 129 000-219 000)

LDH (NV 135-225 U/L) — — 263 (IQR 213-323)

CRP (NV < 5.0 mg/L) — — 39 (IQR 16-103)

 Creatinine — — 2.4 (IQR 1.7-4)

Ferritin (µg/L) — — 433 (IQR 284-872)

Fibrinogen (mg/dL) — — 540 (IQR 380-625)

D-dimer (0-232 ng/mL) — — 414 (IQR 101-677)

Antiviral therapy

Lopinavir/ritonavir 18/53 (34%) 0/8 (0%) 18/45 (40%)

Darunavir + ritonavir 14/53 (26%) 0 (0%) 14/45 (31%)

Hydroxychloroquine 39/53 (79%) 8/8 (100%) 34/57 (60%)

Note: Data are reported as n (%) for categorical variables and median (interquartile range) for continuous variables.
Abbreviations: ADPKD, autosomal dominant polycystic kidney disease; CAKUT, congenital anomalies of the kidneys and of the urinary tract; CRP, 
C-reactive protein; CT, computed tomography; DVT, deep vein thrombosis; ESRD, end stage renal disease; IQR, interquartile range; LDH, lactate 
dehydrogenase; MMF, mofetil mycophenolate; mTORi, inhibitors of the mammalian target of rapamycin; SARS-CoV-2, severe acute respiratory 
syndrome coronavirus 2; WBC, white blood cells; NV, normal value.
a4 mg of methylprednisolone or equivalent. 
bIncludes 1 patient transplanted with a single kidney (dead donor) preventively, 1 patient transplanted with double kidneys (dead donor), and 1 with a 
combined kidney pancreas transplant.  

TA B L E  1   (Continued)
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stage the outcome of this population was still relatively unclear with 
mortality ranging from 7% to 28%. Since then, further data became 
available and the mortality of kidney transplant patients with SARS-
CoV-2 infection appears now to have been consistently described as 
around 25%-28% across different cohorts with a sufficient sample size 
and follow-up.1,3,4,7-9 Our findings suggest a clear difference in terms 

of outcome according to disease severity: patients with mild symp-
toms and manageable at home experienced a benign disease course, 
whereas patients requiring hospitalization experienced a mortality rate 
of 33%; the overall fatality rate of our population was 28%. Of inter-
est, this wide spectrum of disease severity is in keeping with what is 
described in the general population as well as in other KTx transplant 

F I G U R E  1   Therapeutic approach in a cohort of 53 kidney transplant patients affected by severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) infection and followed within 3 centers of the “Brescia Renal COVID task force”

Variable

Outcome ARDS Outcome death

OR (95% CI) P value OR (95% CI)
P 
value

WBC (≤6 vs >6 × 103/µL) 0.5 (0.13-1.89) .31 0.78 (0.16-3.3) .74

Lymphocytes (≤0.6 vs 
>0.6 × 103/µL)

3.1 (0.76-13.9) .124 4.9 (0.95-37.8) .078

Platelets (≤160 vs 
>160 × 103/µL)

6 (1.5-28.5) .016 1.4 (0.34-6) .64

LDH (>260 vs ≤260 U/L) 0.8 (0.15-4.16) .79 1.25 (0.24-6.79) .79

Ferritin (>450 vs 
≤450 µg/L)

0.8 (0.06-9.3) .85 1.25 (0.11-14.8) .85

D-dimer (>400 vs 
≤400 ng/mL)

1.7 (0.19-15.7) .64 1.2 (0.13-12.8) .87

CRP (>40 vs ≤40 mg/L) 1.41 (0.38-5.34) .603 1.4 (0.34-6) .64

Creatinine (>2.5 vs 
≤2.5 mg/L)

1.25 (0.33-4.9) .74 0.78 (0.17-3.27) .74

Abbreviations: ARDS, acute respiratory distress syndrome; CI, confidence interval; CRP, C-reactive 
protein; LDH, lactate dehydrogenase; OR, odds ratio; SARS-CoV-2, severe acute respiratory 
syndrome coronavirus 2; WBC, white blood cells.
Bold values: statistically significant.

TA B L E  2   Univariate analyses of the 
association between baseline blood 
tests and the risk of ARDS or death in 45 
kidney transplant patients admitted for 
SARS-CoV-2 infection in 3 centers of the 
“Brescia Renal COVID task force”
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cohorts10 although the mortality rate of the latter group, when present-
ing with severe disease, appears to be higher;11 of note, this variability 
has been observed also in the hemodialysis population.12

In our admitted kidney transplant population, we adopted from 
day one a policy based on immunosuppression cessation, introduc-
tion/increase of the glucocorticoid dose to methylprednisolone 

16 mg or equivalent dose of prednisone, antivirals, and hydroxy-
chloroquine.2 In our outpatient population, we opted, on average, 
to withdraw the antiproliferative, reduce the CNI dose, and start hy-
droxychloroquine and azithromycin. Of note, in both our subgroups 
adverse events due to the therapeutic approach were rare and no 
cardiac toxicity has been documented. The interaction between 
antivirals and CNIs metabolism has been well documented and this 
may explain the slow reduction rates of cyclosporine and tacrolimus 
in our population; the impact of this on kidney function evolution 
as well as the overall outcome is unclear. The combined approach 
of protease inhibitors start and CNIs withdrawn seems reasonable 
because of the interactions in the metabolism of the 2 drugs; how-
ever, caution in terms of CNIs withdrawn in different clinical con-
texts where protease inhibitors are not employed should be advised. 
Of note, heterogeneous approaches in terms of CNIs management 
for renal transplant patients during COVID-19 outbreaks have been 
described ranging from our approach to their maintenance.3

In the general population, the role of antivirals is debated. 
Remdesivir seems a promising option13 while the benefits of lopinavir/
ritonavir are contradictory;14,15 of note, for the latter a trend toward 
a reduced risk of death was observed in a randomized controlled trial 
in the general population although the difference was not statistically 
significant compared to placebo. It should be stressed that the viral 
load may represent a risk factor for severe disease16 and impacting on 
this might reduce the risk of ARDS.15 The mortality rate of our cohort 
was similar to that of one of the other kidney transplant case series9 
and of interest was higher compared to carriers of liver transplant.17 
Of interest, case fatality rate was similar to that of the Montefiore 
Medical Center, where no antivirals were employed:4 this might be 

F I G U R E  2   Creatinine changes during admission and compared to 
baseline in 28 kidney transplant patients admitted for severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection in the 
Spedali Civili of Brescia. Each patient is represented by a grey symbol. 
The green dots represent the overall median value, whiskers the 
interquartile range [Color figure can be viewed at wileyonlinelibrary.
com]

F I G U R E  3   Longitudinal blood tests value in a cohort of 28 kidney transplant patients admitted for severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) infection in the Spedali Civili of Brescia stratified according to the outcome. Data are presented as median and interquartile range 
(whiskers). *Difference between groups statistically significant. CRP, C-reactive protein [Color figure can be viewed at wileyonlinelibrary.com]
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interpreted as in support for a lack of role for the antivirals commer-
cially available at the moment. However, in our opinion, data are still 
scarce and more information is needed including long-term outcomes 
in terms of patients’ survival, renal outcome, and residual lung dam-
ages as a consequence of the infection.

An inflammatory syndrome is likely to be central in the develop-
ment of ARDS and progressive respiratory failure in a subgroup of pa-
tients. Longitudinal blood tests showed persistently high CRP levels in 
the subgroup that would die compared to the one with a more favorable 

outcome. In this context, a role for anti-inflammatory approaches have 
been proposed:2 in our cohort patients with ARDS were treated with 
high-dose steroids, with or without tocilizumab. Although this subgroup 
experienced, on average, an unfavorable outcome, the combination of 
these 2 drugs was associated with higher rates of chest X-ray and respira-
tory failure improvements compared to the use of dexamethasone alone 
(63% vs 40%); these results are too preliminary to draw conclusions on 
the potential role of combining tocilizumab with glucocorticoids in this 
clinical setting and further studies will be needed to clarify this aspect.

Variable

Outcome ARDS Outcome death

OR (95% CI) P value OR (95% CI)
P 
value

Sex 0.52 (0.12-1.99) .35 0.62 (0.15-2.74) .51

Age (>60 vs ≤60) 1.47 (0.5-4.41) .49 2.06 (0.62-7.29) .24

History of hypertension 0.83 (0.21-3.18) .79 0.38 (0.08-1.3) .93

History of cardiac disease 1.57 (0.39-6.89) .53 1.94 (0.43-8.15) .37

History of DVT 3.13 (0.37-65.6) .34 2.77 (0.31-25.1) .33

History of diabetes 3.23 (0.81-16.34) .12 1.61 (0.36-6.48) .51

Number of comorbidities 
(0-1 vs >1)

0.94 (0.3-3) .92 0.96 (0.25-3.34) .95

CNIs last follow-up 1.63 (0.25-13.2) .61 5.1 (0.26-98) .99

Cyclosporin last follow-up 0.39 (0.11-1.26) .122 0.43 (0.09-1.64) .24

Tacrolimus last follow-up 2.77 (0.91-8.9) .077 4 (1.1-19.7) .05

mTORi last follow-up 0.96 (0.16-5.64) .96 0.47 (0.02-3.3) .51

MMF last follow-up 1.25 (0.41-3.81) .7 2.23 (0.63-9.2) .23

Low dose steroids last 
follow-up

1.7 (0.57-5.19) .343 1.8 (0.53-6.71) .36

Baseline creatinine (≤2 vs 
>2 mg/dL)

1.37 (0.46-4.2) .58 1.03 (0.29-3.56) .96

Age transplant (>10 vs 
≤10 y)

0.37 (0.12-1.1) .078 0.5 (0.13-1.69) .28

Cough at disease onset 1.17 (0.39-3.5) .78 1.76 (0.53-6.24) .36

Pharyngitis at disease 
onset

6.9 (0.76-61.7) .09 2.06 (0.36-10.7) .39

Shortness of breath at 
disease onset

5.9 (1.6-29.1) .015 7.75 (2.1-32.2) .003

Myalgia or fatigue at 
disease onset

1.25 (0.4-4) .703 0.6 (0.14-2.14) .45

Gastrointestinal symptoms 
at disease onset

0.21 (0.04-1.1) .07 0.26 (0.01-1.62) .22

Chest X-ray (bilateral 
infiltrates vs unilateral or 
no infiltrates)

1.7 (0.46-6.7) .44 3.24 (0.68-23.7) .18

Time from symptoms to 
antiviral (>5 vs ≤5 d)

0.82 (0.22-2.95) .76 0.8 (0.20-3) .74

Antiviral therapy 2.38 (0.78-7.6) .133 1.45 (0.43-5.43) .56

Hydroxychloroquine 1.56 (0.46-5.54) .48 0.98 (0.26-4.2) .98

Abbreviations: ARDS, acute respiratory distress syndrome; CI, confidence interval; CNI, calcineurin 
inhibitor; DVT, deep vein thrombosis; MMF, mofetil mycophenolate; mTORi, inhibitors of the mammalian 
target of rapamycin; OR, odds ratio; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2;
Bold values: statistically significant.

TA B L E  3   Univariate analyses 
of the association between clinical 
characteristics and the risk of ARDS or 
death in 53 kidney transplant patients 
with SARS-CoV-2 infection
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Moreover, in the light of recent reports, the role of glucocorti-
coids in COVID-19 patients is debated and on average discouraged 
during the viremic phase;18 however, our approach has been to em-
ploy moderate dose of glucocorticoids only in the patients with ARDS 
and progressive respiratory failure at distance from the likely viremic 
phase. Of note, the benefits of such approach has been confirmed 
in the preliminary results of the RECOVERY trial that showed a role 
for dexamethasone in reducing mortality in mechanically ventilated 
patients and in the ones receiving oxygen.19 It should, however, be 
stressed that, although in our therapeutic protocol moderate doses 
were reserved only to the subgroup with ARDS, lower doses have 
been employed from the day of admission because of the concerns 
of increased risk of rejection secondary to the reduction of the im-
munosuppression; the impact of this change at early stages of hospi-
talization will need to be clarified.

Our study provides some information on the role of baseline and 
longitudinal blood tests on the outcome. Low platelets and lympho-
cytes were found, respectively, associated with an increased risk of 
ARDS and to a trend toward an increased risk of death. In a subgroup 
of 28 patients, the ones who eventually died had lower baseline lym-
phocyte counts compared to the rest of the population; of interest 
the trend toward a further reduction of the lymphocyte count during 
follow-up was similar in the two groups. In the same population, 
D-dimer at admission was higher. These findings are in keeping with 
what was already described in the general population.20 The mech-
anisms causing lymphopenia are still to be clarified and range from 
potential direct viral infection of the lymphocytes to a possible role 
for the inflammatory milieu associated with the disease.21

With the first wave of SARS-CoV-2 infections diminishing in Italy, 
the focus is now moving to how to routinely manage renal transplant 
patients in the COVID-19 era with a special focus on how and if mod-
ifications of the baseline immunosuppression would be required in 

the entire transplant population. In our cohort, the use of tacrolimus 
as baseline CNI showed a trend as a risk factor for ARDS and a signif-
icant association as a risk factor for death at univariate analysis; the 
latter maintained a trend as a risk factor also after multivariate anal-
ysis. In a model of multivariate analyses not shown in the results and 
including baseline therapy with tacrolimus, age, transplant vintage, 
and dyspnea at disease onset, the trend of treatment with tacrolimus 
as a risk factor for death has been maintained (OR 6.9; 95% CI, 0.99-
67; P = .07). The reasons for this association are unclear. For both 
cyclosporine and tacrolimus, an antiviral effect in general, and to-
ward the coronaviruses more specifically, was described in vitro.22,23 
However, data in vivo or regarding their effects on SARS-CoV-2 are 
not available and importantly this should be balanced against the 
higher potency of tacrolimus compared to cyclosporine.24 Of note, 
this finding may be a consequence of our population characteristics; 
however, of interest, a benign outcome of COVID-19 during a cyc-
losporine-based therapy in kidney transplant patients has been pro-
posed also in other cohorts.25 Despite that, this result will need to be 
interpreted with caution and further investigations will be required 
in order to provide confirmation.

Our study has some strengths: it includes a big cohort of kidney 
transplant patients, the therapeutic approach has been homogenous 
allowing robust data interpretation and comparisons with other pub-
lished cohort with similar consistent approaches.

Limitations need to be acknowledged: despite the cohort size, 
this is still a relatively small study; moreover, our population has 
on average a severe disease profile and therefore our findings may 
not necessarily be extended to subgroups with mild symptoms 
or even who are asymptomatic at the moment of the diagnosis. 
Importantly, our findings are restricted to a short follow-up time 
and long-term observations will need to be performed in order 
to better clarify the outcome of kidney transplant patients with 
COVID-19. Of note, the mortality rates of the patients with ARDS 
managed in ICU and in the ward (respectively, 80% and 41%) 
may be a consequence of the different disease severity in the 2 
subgroups; however, an impact for delayed ICU referral as well 
as reduced ICU availability at some stages of the emergency may 
have played a role in the overall fatality rates of our population 
with ARDS. It is necessary to underline, however, that among the 
7 patients with ARDS and managed in the ward who would later 
die, 6 had not been considered eligible for ICU because comorbid-
ities and therefore an unfavorable risk benefit balance; however, 
it should be acknowledged that this happened in the context, at 
least at some point of the emergency, of reduced resources. One 
of these 7 patients refused ICU care.

Of note, Italy in general and the province of Brescia in particular 
has been among the first western areas hit by this epidemic, urging 
physicians in employing treatment protocols based on partial evidence. 
At the moment of the writing, data do not further support a role for 
hydroxychloroquine in preventing the development of severe disease 
or in preventing the development of symptoms as postexposure pro-
phylaxis;26,27 however, protocols designed before this publication have 
extensively employed this approach in kidney transplant population.3,4 

TA B L E  4   Two models of multivariate analyses of the association 
between clinical characteristics and the risk of ARDS or death in 53 
kidney transplant patients with SARS-CoV-2 infection

Variable

Outcome ARDS

OR (95% CI) P value

Model 1

Age (>60 vs ≤60) 1.05 (0.99-1.12) .10

Shortness of breath 6.61 (1.7-35) .013

Variable

Outcome death

OR (95% CI) P value

Model 2

Age (>60 vs ≤60) 1.12 (1.03-1.24) .01

Tacrolimus last follow-up 4.8 (0.97-32) .07

Shortness of breath 13.7 (2.7-68.9) .004

Abbreviations: ARDS, acute respiratory distress syndrome; CI, 
confidence interval; OR, odds ratio; SARS-CoV-2, severe acute 
respiratory syndrome coronavirus 2.
Bold values: statistically significant.



3028  |     BOSSINI et al.

It should also be underlined that data on the general population may 
not necessarily be applicable to the kidney transplant population.

In conclusion, renal transplant patients may experience a hetero-
geneous range of disease severity; the ones requiring admission may 
experience a poor outcome with high ARDS and mortality rates. The 
ideal therapeutic approach other than supportive care is still unclear 
and the impact of the single interventions to be determined.
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