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COVID-19 in kidney transplant recipients: what have we 
learned one year later? A cohort study from a tertiary center
COVID-19 em receptores de transplante renal: o que aprendemos 
um ano depois? Um estudo de coorte a partir de um centro terciário
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Introdução: Os receptores de transplante renal 
(TR) apresentam um alto risco para desfechos 
adversos de infecções, tais como a COVID-19. 
Métodos: Revisamos retrospectivamente to-
dos os receptores de TR com COVID-19 do-
cumentada entre 1º de Março de 2020 e 15 
de Março de 2021, e analisamos as caracte-
rísticas, curso clínico, tratamento e desfechos 
dos pacientes. Resultados: Identificamos 123 
pacientes, 72% do sexo masculino, com uma 
média de idade de 54,5±13,0 anos. Vinte por 
cento eram assintomáticos, 7% apresentaram 
transmissão nosocomial, e 36% do restan-
te necessitaram de internação. Quase todos 
os pacientes internados receberam oxigênio, 
30% necessitaram de ventilação mecânica 
invasiva (VMI), mais da metade apresentou 
lesão renal aguda, com 10% necessitando de 
diálise, e 20% foram a óbito. A incidência foi 
comparável à da população portuguesa, mas 
a taxa de mortalidade foi quase quatro vezes 
superior (TMP de 3,768 (IC 95%: 1,723-
7,154). Maior índice de massa corporal (OR 
1,275; P=0,001), menor função do enxerto 
basal (OR 0,968; P=0,015), e transmissão 
nosocomial (OR 13,836; P=0,019) foram as-
sociados à demanda de oxigênio, enquanto 
sexo feminino (OR 3,801; P=0,031) e menor 
função do enxerto renal basal (OR 0,955; 
P=0,005), mas não índice de massa corporal, 
foram associados à VMI e/ou óbito. Conclu-
são: A taxa de mortalidade em pacientes com 
TR foi mais elevada do que na população em 
geral e a função renal basal mais baixa foi o 
marcador mais consistente para desfechos ad-
versos.

Resumo

Descritores:  Injúria Renal Aguda; Insufi-
ciência Renal Crônica; COVID-19; Imu-
nossupressão; Transplante Renal.

Introduction

Kidney transplant (KT) recipients are 
highly susceptible to infections, such 

as COVID-19 caused by severe acute 
respiratory syndrome coronavirus 2 
(SARS-CoV2), a new form of coronavirus 

Introduction: Kidney transplant (KT) 
recipients have a high risk for adverse 
outcomes from infections, such as CO-
VID-19. Methods: We have retrospec-
tively reviewed all KT recipients with 
documented COVID-19 between March 
1, 2020, and March 15, 2021, and ana-
lyzed patients’ characteristics, clinical 
course, treatment, and outcomes. Results: 
We identified 123 patients, 72% were 
male, with a mean age of 54.5±13.0 years. 
Twenty percent were asymptomatic, 7% 
had a nosocomial transmission, and 36% 
of the remainder required hospitalization. 
Almost all admitted patients received 
oxygen, 30% required invasive mechani-
cal ventilation (IMV), more than a half 
had acute kidney injury, with 10% requir-
ing dialysis, and 20% died. Incidence was 
comparable to that of the Portuguese pop-
ulation, but the mortality rate was almost 
four times higher (SMR of 3.768 (95% 
CI:1.723-7.154). Higher body mass in-
dex (OR 1.275, P=0.001), lower baseline 
graft function (OR 0.968, P=0.015), and 
nosocomial transmission (OR 13.836, 
P=0.019) were associated with oxygen de-
mand, whereas female gender (OR 3.801, 
P=0.031) and lower baseline kidney graft 
function (OR 0.955, P=0.005), but not 
body mass index, were associated with 
IMV and/or death. Conclusion: Mortality 
rate in KT patients was higher than in the 
general population and lower baseline 
kidney function was the most consistent 
marker for adverse outcomes.
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that was identified in December 2019 and quickly 
became a worldwide pandemic1.

Previous reports of COVID-19 infections in KT 
recipients have described high mortality rates2-4. In 
the ERA-EDTA registry, the mortality rate associated 
with COVID-19 in KT patients was 19.9.% compared 
to 0.2% in the control group5. Moreover, both chronic 
kidney disease (CKD) and acute kidney injury (AKI) 
were associated with a more severe disease course and 
mortality rate6,7. Whether the increased risk of adverse 
outcomes in KT patients is due to immunosuppression 
itself or to impaired kidney function remains to be 
elucidated. 

We aim to describe the impact of COVID-19 in 
our KT population one year after the onset of the 
pandemic and compare it with the general population 
and identify potential risk factors for adverse 
outcomes.

Methods

Study population 

We conducted a retrospective, single-center study of 
adult kidney transplant (KT) recipients with a positive 
reverse-transcriptase polymerase chain reaction (RT-
PCR) test for SARS-CoV2, from March 1st, 2020, to 
March 15th, 2021, at a tertiary care center. Informed 
consent was obtained in accordance with the 
Declaration of Helsinki Ethical Principles for Medical 
Research Involving Human Subjects. 

Data collection and definitions

General information on the Portuguese population, 
such as incidence by age group and gender, and deaths, 
was collected from the official data of the Portuguese 
Ministry of Health8 from the start of the pandemic to 
March 15th, 2021.

At the time of data collection, 1786 KT recipients 
were followed up at our center. We defined adult 
KT recipients with a PCR-confirmed SARS-CoV2 
infection, registered in the Portuguese National 
System of Epidemiology Surveillance (SINAVE) as 
cases.

Data collection was obtained from electronic 
medical reports, and telephone contact was made in 
case of missing information. 

Demographic and clinical data, including 
transplant characteristics, comorbidities, symptoms 
at presentation, hospital admission, analytical 

data, oxygen need, admission in the ICU, specific 
treatment, AKI, renal replacement therapy (RRT), 
and all-cause mortality rates were registered. All cases 
were followed up for at least 60 days after diagnosis. 

Disease severity was classified according to 
the COVID-19 Treatment Guidelines Panel of the 
National Institutes of Health9 as:

-	 Mild: Any sign/symptom of COVID-19 but 
with no shortness of breath or abnormal 
thoracic imaging.

-	 Moderate: Evidence of low respiratory disease 
(clinical/imaging) but the oxygen saturation is 
≥94% on room air at sea level.

-	 Severe: If oxygen saturation is <94% on room 
air at sea level, respiratory insufficiency (a 
ratio of partial pressure of oxygen to fraction 
of inspired oxygen <300 mm Hg), respiratory 
frequency above 30 cycles per minute or more 
than 50% of lung infiltrates.

-	 Critical: Acute respiratory distress syndrome 
(ARDS), septic shock and/or multiple organ 
dysfunction. 

Asymptomatic patients were identified after 
contact tracing of patients who had high-risk 
exposure to COVID-19 cases and in patients who 
underwent PCR testing for hospital admission for 
elective procedures. 

Patients were divided into three groups according 
to hospital admission: outpatient group and non-
ICU or ICU inpatient groups. Comorbidities and 
clinical presentation were collected in all patients 
and compared between the three groups. Because 
laboratory results were available only in the inpatient 
groups, the results were compared between the 
latter two groups, as were hospital treatments and 
outcomes.

Baseline creatinine was defined as the last value 
registered before infection and it was used to calculate 
the estimated glomerular filtration rate (eGFR) 
using the Chronic Kidney Disease Epidemiology 
Collaboration (CKD-EPI) equation10. AKI was 
defined according to the Kidney Disease Improving 
Global Outcomes (KDIGO) 2012 guidelines11. 

All laboratorial data were expressed according to 
the international system of units (SI). 

Immunosuppression management was made in all 
COVID-19 KT patients that notified our transplant 
unit, and it consisted in antimetabolite withdrawal 



Braz. J. Nephrol. (J. Bras. Nefrol.) 2022;44(4):533-542

COVID-19 in kidney transplant recipients

535

and suspension of the calcineurin inhibitor (CNI) for 
patients with critical disease. Additionally, steroid 
dose was increased from 5 to 10 mg/dL12. This 
approach was in line with the expert opinion later 
published by the ERA-EDTA DESCARTES working 
group13. We would like to point out that some patients 
did not notify the transplant unit and the diagnosis of 
the COVID-19 disease was not established until after 
the screening was performed.

The specific COVID-19 treatment depended 
on the timing of the pandemic, which affected our 
hospital protocol at each time. In the first wave, 
patients with documented pneumonia or respiratory 
failure started hydroxychloroquine 400 mg twice-
daily on day 1, followed by 200 mg twice-daily until 
day 5-10. An electrocardiogram to access corrected 
QT interval was performed in all patients. By May 
2020, hydroxychloroquine was shown to have no 
benefit on mortality rate and its side effects were 
non-negligible14. Its use was discontinued and 
replaced by dexamethasone, 6 mg per day for 5 to 
10 days, in severe to critical disease. All admitted 
patients received prophylaxis with low-molecular-
weight heparin adjusted to kidney function, unless a 
contraindication was present, and a therapeutic dose 
if they were previously anticoagulated or at high risk 
of thrombosis. Our institution defined patients with 
active neoplasms or inflammatory diseases, d-dimers 
higher than 3000 ng/mL, and d-dimers higher than 
1000 ng/mL, plus fibrinogen higher that 5 g/L as 
patients at high thrombotic risk. 

Finally, risk factors for adverse outcomes as 
oxygen need, invasive mechanical ventilation (IMV), 
and/or death were identified.

Statistical analysis 

Continuous data were described using mean (standard 
deviation, SD) or median (interquartile range, IQR) 
and categorical data were expressed as numbers 
(frequencies). The distribution of continuous variables 
were analyzed using Shapiro-Wilk normality test. As 
appropriate, categorical data were compared using 
Pearson χ2 test or Fisher’s exact test and continuous 
variables were compared with Student t-test or Mann-
Whitney U test. 

Age and gender distribution of transplant 
recipients was substantially different from that of the 
general population, thus indicating the necessity of 
standardization. Due to a relatively small number of 
events, leading to rather imprecise age-/gender-specific 

rates, we used the indirect method of standardization 
with the age and gender structure of the general 
population as reference. Standardized incidence ratio 
(SIR) and standardized mortality ratio (SMR) were 
calculated as the ratio of observed to expected number 
of events. The calculation of their 95% confidence 
intervals (95% CIs) was done by assuming a Poisson 
process15. A 95% CI not including the null value of 
one indicates a significant excess or deficit mortality 
rate. 

Significant risk factors for two major adverse 
outcomes (oxygen need and IMV and/or death) were 
explored by univariate and multivariable logistic 
regression. In all multivariable models, independent 
risk factors were identified using a backward 
elimination method, with a P value <0.05 required to 
remain in the model16. 

A two-sided P-value of <0.05 was considered 
statistically significant. Statistical calculations were 
performed using Stata/MP, version 15.1 (Stata Corp, 
College Station, TX). 

Results

General characteristics and comparison with the 
portuguese population

One hundred twenty-three (6.9%) of our KT patients 
tested positive for SARS-CoV2. Most (72%) were 
male, with a mean age of 54.5 ± 13 years. The infection 
rate in women was higher in the general population 
(8.2%), but lower in the KT group (5.1%).

The cumulative incidence of KT recipients 
(Figure 1) paralleled the cumulative incidence of the 
Portuguese population, until about February 2021, 
after which it started to be higher in the general 
population.

Age- and gender-standardized incidence of 
COVID-19 in our transplant population was 7.1% 
(95% CI:5.9-8.4%), similar to the Portuguese 
population, a SIR of 0.892 (95% CI: 0.741-1.064). 
However, age- and gender-standardized mortality 
rate was of 7.7% (95% CI:3.6-16.6%), representing 
a SMR of 3.8 (95% CI:1.7-7.2) in relation to the 
general population (Table 1). 

Comorbidities and transplant characteristics

Table 2 describes patients’ comorbidities and 
transplant characteristics, according to the outpatient 
and inpatient groups.

Female gender (p=0.03) and higher BMI (p=0.029) 
were associated with admission. No statistically 
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KT recipients General Portuguese population

Positive/Total % Positive/Total %

Total 123/1786 6.9 814513/10280909 7.9

Age group

0-20 1/29 3.5 120661/1942307 6.2

20-50 44/659 6.7 368729/3911097 9.4

50-70 57/903 6.3 203799/2785993 7.3

70+ 21/195 10.8 121324/1641512 7.4

p value between age group 0.160 <0.001

Gender

Female 35/690 5.1 444919/5420932 8.2

Male 88/1096 8.0 369594/4859977 7.6

p value between gender group 0.016 <0.001

Death 9/123 7.3 16694/814513 2.0

Table 1	C rude incidence of COVID-19 in KT recipients versus the general Portuguese population

Figure 1. Cumulative incidence of SARS-CoV2 infection in KT 
recipients and in the general Portuguese population.

significant differences for other comorbidities were 
detected.

As for transplant characteristics, the median time 
between transplant and COVID-19 disease was 7.0 
(2.9-14.2) years. No significant differences were 
observed in time since transplant, isolated or combined 
KT, number of immunosuppressors, or type of CNI. 
The mean baseline eGFR was significantly higher in 
the outpatient group.  

Twenty-four per cent received a graft from a 
living donor, with most of these patients (80%) not 
requiring hospitalization (p=0.02). 

Clinical presentation 

From the total of 123 patients, 44 patients (36%) 
were admitted in hospital, with 8 patients having 

COVID-19 secondary to nosocomial transmission. 
Immunosuppression regimen was changed in all 
patients of the inpatient group.

At the time of diagnosis, fever, myalgia, and 
respiratory symptoms were more frequent in the 
inpatient group. The patients managed in ambulatory 
were either asymptomatic (20%) or had mild disease. 
There was one asymptomatic patient in the inpatient 
group who was admitted due to the impossibility of 
self-isolation, but most patients (80%) presented a 
severe to critical disease. 

Analytical parameters at admission are described 
in Supplementary Table 1, with median lymphopenia 
and procalcitonin values being, respectively, lower 
(P=0.006) and higher (P=0.046) in the ICU group. 
A trend towards higher D-dimers values was also 
observed. 

Treatment and outcomes in inpatients

The median time of hospital stay was 12 (7-20) days. 
Most patients (84%) received COVID-19 specific 
treatment and fewer (9%) received remdesivir. Other 
treatments, such as anticoagulation, were given to 
more than half (64%) of the admitted patients and 
to the majority (87.5%) of the patients treated in the 
ICU. Antibiotics were also needed in 88% of ICU 
patients due to concurrent bacterial infections. 

Oxygen therapy was administered to 80% of the 
patients and 30% of them needed IMV. These values 
increased to 100% and 88%, respectively, in the ICU 
group. 
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Total Outpatient Non-ICU inpatient ICU inpatient P
Recipient n = 123 n = 79 n =28 n = 16
Age mean±SD 54.5±13.0 53.3±13.2 57.9±13.2 54.6±11.2 0.267

Age, n (%)

< 50 

50-59

60-69

≥ 70

45 (37)

31 (25)

26 (21)

21 (17)

32 (41)

21 (27)

15 (19)

11 (14)

8 (29)

6 (21)

5 (18)

9 (32)

5 (31)

4 (25)

6 (38)

1 (6)

0.249

BMI, median (IQR)
26.1 

(24.1-28.7)
25.7 

(24.2-27.9)
27.7 

(22.5-30.2)
28.8 

(26.5-30.1)
0.029*

Female, n (%) 35 (28) 19 (24) 7 (25) 9 (56) 0.030*
Comorbidities
HTN, n (%) 102 (83) 66 (84) 23 (82) 13 (81) 0.941
ACEi/ARB, n(%) 57 (46) 42 (53) 9 (32) 6 (38) 0.119
DM, n (%) 34 (28) 21 (27) 8 (29) 5 (31) 0.923
CVD, n (%) 32 (26) 19 (24) 9 (32) 4 (25) 0.682

Smoking, n (%)

No

Ative

Past history

104 (85)

2 (2)

17 (14)

67 (85)

1 (1)

11 (14)

22 (79)

1 (4)

5 (18)

15 (94)

0

1 (6)

0.631

Cancer, n  (%) 9 (7) 7 (9) 2 (7) 0 0.684
Respiratory disease, n (%) 15 (12) 9 (11) 5 (18) 1 (6) 0.600
OAC, n (%) 13 (11) 8 (10) 4 (14) 1 (6) 0.682
Transplant
Type of KT, n (%)

Isolated 

  Combined
108 (88) 

14+1 (12)
69 (87) 

10+0 (13)
25 (89) 
2+1 (11)

14 (88) 
2+0 (13)

1

LD, n (%) 30 (24) 24 (30) 6 (21) 0 0.020*
Years of KT, median (IQR) 7.0 (2.9-14.2) 7.2 (3.2-12.5) 6.3 (2.3-16.2) 5.7 (0.9-13.6) 0.664
Retransplant, n (%) 15 (12) 7 (9) 4 (14) 4 (25) 0.141
Triple IS, n (%) 102 (83) 64 (81) 23 (82) 15 (94) 0.562
CNI, n (%)

TAC 

CsA
108 (88) 
15 (12)

72 (91) 
7 (9)

22 (79) 
6 (21)

14 (88) 
2 (13) 0.177

Last sCr, median (IQR) 1.3 (1.1-1.7) 1.2 (0.9-1.5) 1.4 (1.2-1.6) 1.3 (1.2-1.9) 0.055
Last eGFR, mean±SD 57.5±22.3 62.1±20.0 51.6±25.6 45.0±21.3 0.005*
Last eGFR category, n (%)

≥60 
30-59 
<30

52 (42) 
54 (44) 
17 (14)

40 (51) 
34 (43) 
5 (6)

7 (25) 
14 (50) 
7 (25)

5 (31) 
6 (38) 
5 (31)

0.004*

Table 2	P atient characteristics and comparison according to the outpatient and the non-ICU and ICU 		
	 inpatient groups

*p<0.05
ACEi – Angiotensin converting enzyme inhibitor, ARB – Angiotensin receptor blocker, BMI – Body mass index, CNI – Calcineurin inhibitor, CsA 
– Cyclosporine CVD – Cardiovascular disease, DM- Diabetes mellitus, eGFR – Estimated glomerular filtration rate, HTN – Hypertension, ICU – 
Intensive care unit, IS – Immunosuppression, KT – Kidney transplant, LD – Living donor, OAC – Oral anticoagulation, sCr – Serum creatinine, TAC 
– Tacrolimus, SD – Standard deviation IQR – Interquartile range.
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Table 3	T reatment and outcomes in the inpatient groups

Total 
N=44

Non-ICU 
inpatient 

N=28

ICU 
inpatient 

N=16
P

Specific COVID-19 Treatment 
Dexamethasone, n (%) 31 (70) 17 (61) 14 (88) 0.089
Hydroxychloroquine, n (%) 6 (14) 4 (14) 2 (13) 1
Remdesivir, n (%) 4 (9) 2 (7) 2 (13) 0.614
Other treatments
Antibiotics, n (%) 23 (52) 9 (32) 14 (88) 0.001*
Anticoagulation, n (%)

No

Prophylactic dose

Therapeutic dose  

16 (36)

15 (34)

13 (30)

14 (50)

9 (32)

5 (18)

2 (13)

6 (38)

8 (50)

0.023*

Max respiratory support
OxTx, n (%) 35 (80) 19 (68) 16 (100) 0.016*
OxTx, HFNC, n (%) 10 (23) 0 10 (63) <0.001*
OxTx, NIV, n (%) 9 (20) 0 9 (56) <0.001*
OxTx, IMV, n (%) 13 (30) 0 13 (81) <0.001*
Clinical course 
Length of stay, days Median (IQR) 12 (7-20) 10 (6-13) 27 (16-45) <0.001*
Days from admission to ICU, Median (IQR) - - 2 (1-4) -
Other infection, n (%)

Missing

20 (48)

2

9 (32)

0

11 (79)

2

0.008*

AKI, n (%) 28 (64) 13 (46) 15 (94) 0.003*
Peak sCr, mg/dL, Median (IQR)

Missing

1.93 (1.40-3.03)

2

1.57 (1.30-2.61)

1

3.01 (1.51-5.0)

1

0.019*

Peak sCys ng/mL, Median (IQR)

Missing

3.04 (2.46-5.0)

15

2.68 (2.30-3.91)

14

4.51 (2.54-5)

1

0.115

RRT, n (%) 5 (11) 1 (4) 4 (25) 0.051
Days of RRT, Median (IQR) 6 (1-11) - - -
HD dependency, n (%) 1 - - -
In-hospital mortality rate
Death, n (%) 9 (20) 1 (4) 8 (50) 0.001*
Days from admission to death,  

Median (IQR) [Min-Max]

15 (13-21) 
[10-46]

- - -

*p<0.05
AKI – Acute kidney injury, HD – Hemodialysis, HFNC – High-flux Nasal Canula, ICU – Intensive Care Unit, IMV – Invasive Mechanical Ventilation, 
NIV – Non-invasive Ventilation, OxTx – Oxygen therapy, RRT – Renal replacement therapy, sCr – Serum creatinine, sCys – Serum Cystatin C
IQR – Interquartile range, Min – Minimum, Max - Maximum.

AKI was present in 64% of admitted patients, of 
whom 11% required RRT. Peak serum creatinine 
(sCr), but not serum cystatin C, was significantly 
higher in patients admitted in the ICU. In the ICU 
group, almost all patients (94%) had AKI and 25% 
needed dialysis. The patient who remained dialysis-
dependent had a baseline sCr of 4.5 mg/dL. 

The all-cause mortality rate was 20% in 
hospitalized patients, reaching 50% in the ICU. The 
median time between admission and death was 15 
(IQR:13-21, min-max:10-46) days. 

Supplementary Table 2 describes the characteristics 
and clinical course of each deceased patient. Five 
patients (56%) were female. Patients’ age ranged 
from 51 to 73 years, and KT time span ranged from 
1 month to almost thirteen years, with two cases 
within the first year after transplantation. Almost all 
patients went to the ICU and received IMV, with the 
exception of one frail patient for whom it was decided 
not to scale up care. All patients developed AKI and 
two patients (22.2%) needed RRT. Besides bacterial 
infections, other complications such as hypertensive 



Braz. J. Nephrol. (J. Bras. Nefrol.) 2022;44(4):533-542

COVID-19 in kidney transplant recipients

539

Table 4	M ultivariable analysis of risk factors for oxygen need and IVM and/or death

A. Oxygen need OR (95% CI) P B. IVM and/or 
Death

OR (95% CI) P

BMI 1.275 (1.103-1.473) 0.001 Female Gender
3.801 

(1.132-12.760)
0.031

Last eGFR 0.968 (0.944-0.994) 0.015 Last eGFR
0.955 

(0.926-0.986)
0.005

Retransplant 6.237 (1.008-38.595) 0.049

Fever 5.877 (1.680-20.559) 0.006

Myalgia 5.045 (1.402-18.147) 0.013

Cough 8.549 (1.985-36.817) 0.001

Nosocomial 13.836 (1.532-124.998) 0.019
BMI – Body mass index, eGFR – Estimated glomerular filtration rate; IVM – Invasive Mechanical Ventilation. CI – Confidence interval, OR – Odds 
ratio.

pneumothorax and superior vena cava syndrome 
were observed.

In the survival group, no cases of graft rejection 
were detected until the end of the follow-up.

In univariate analysis (Supplementary Table 3), 
risk factors for oxygen need were BMI [OR 1.193 
(1.073-1.327), p=0.001] and symptoms such as 
fever [OR 9.529 (3.370-26.946), p<0.001], myalgia 
[OR 4.012 (1.737-9.265), p=0.001], cough [OR 
5.541 (2.093-14.670), p=0.001], and dyspnea [OR 
93.630 (23.800-368.345), p<0.001]. Due to strong 
correlation between dyspnea and oxygen need, this 
variable was removed from the multivariate analysis. 
In this analysis (Table 4A), the significant risk factors 
identified were BMI [OR 1.275 (1.103-1.473), 
p=0.001], last eGFR [OR 0.968 (0.944-0.994), 
p=0.015], retransplant [OR 6.237 (1.008-38.595), 
p=0.049], fever [OR 5.877 (1.680-20.559), p=0.006], 
myalgia [OR 5.045 (1.402-18.147), p=0.013], and 
cough [OR 8.549 (1.985-36.817), p=0.004], as well 
as hospital-acquired infection [OR 13.836 (1.532-
124.998), p=0.019]. 

Considering the composite outcome IMV and/
or 60-day all-cause mortality rate, the univariate 
analysis showed as risk factors, female gender [OR 
4.049 (1.289-12.717), p=0.017], last eGFR [OR 
0.953 (0.923-0.984), p=0.003] and dyspnea [OR 
16.552 (3.492-78.457), p<0.001]. Again, due to the 
strong correlation with this outcome, dyspnea was 
removed from multivariate analysis. Female gender 
and last eGFR remained as significant risk factors for 
IMV and/or death (Table 4B). 

Discussion

The present study describes a one-year experience of 
COVID-19 disease in KT recipients from a tertiary 

center in a country with a high incidence and mortality 
rate of SARS-CoV2 infection. We have thoroughly 
reviewed all cases from both inpatient and outpatient 
groups. 

The COVID-19 incidence in our KT recipients, 
after standardization, was comparable to the general 
population (~7%), but the mortality rate was 
almost 4 times higher. These results contrast with 
preliminary data from 46 Flemish patients, in which 
the incidence in KT recipients was 2.5 times higher, 
with comparable death rates17. A recent nationwide 
study from Sweden reported similar 30-day all-cause 
mortality rates between the general population and 
overall solid organ transplant recipients, of whom 
approximately 70% were KT patients18. 

Although we describe an increased risk of death in 
KT recipients, the overall 60-day all cause-mortality 
rate was lower (7.7%) than previously reported3-5 and 
similar to the 9% reported in the Swedish study18. We 
believe that this lower value is due to an extensive 
review of all infected patients and a longer period 
of follow-up, with an increasing number of patients 
(64%) managed at home. Nevertheless, the death rate 
rises to 20% in the inpatient group and to 50% in the 
ICU group. 

No age difference was detected between groups, 
and age was not identified as a risk factor for adverse 
outcomes. The region-wide Flemish study has also 
reported that older age was associated with increased 
mortality rate in the general population but not in 
patients on RRT17. Still, older age (>60 years old) 
has been associated to critical disease and death, 
both in the general population19 and in transplant 
patients18,20. A closer look at these studies revels 
that most of them were performed on groups of 
hospitalized patients. We hypothesize that the fact 
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that we included a larger group of outpatients may 
have reduced the age difference between the groups. 
Moreover, in our population, the overall percentage 
of patients older than 60 years is low compared with 
the younger group (38% vs. 62%), which also might 
have contributed for these results.

There are conflicting data about gender 
predominance. In previous publications, the 
incidence in males varies from 46% to values closer 
to our reality (72%), of 79%20,21. Even though we 
report a higher incidence in men, female gender was 
associated with ICU admission and death. These data 
are in concordance with those from the ERA-EDTA 
Registry5 but not with other reports18,22. Moreover, 
high BMI, which was soon associated as a critical 
risk factor for COVID-1923, was associated with 
admission and oxygen need, but not with IMV and/or 
death in our study. 

Considering immunosuppression, only the role 
of corticosteroids is well established after the results 
of the RECOVERY trial24. CNI has been attributed 
an inhibitory in vitro effect on viral replication of 
SARS-CoV-2, due to its effects in previous forms 
of coronavirus25, and a possible beneficial effect 
in suppressing the cytokine storm. An initial study 
suggested that tacrolimus should be substituted for 
cyclosporine because of a possible benefit for patients 
under cyclosporine26. In contrast, a multicenter 
European study in liver recipients found an increased 
survival probability in patients using tacrolimus and 
encouraged clinicians to maintain it during COVID-19 
infection27. In our study, no differences were seen 
when comparing the type of CNI used. We eagerly 
await the results of the TACROVID trial protocol, 
a randomized, open-label, single center, phase II trial 
that will evaluate the efficacy and safety of adding 
tacrolimus to standard treatment28. All our admitted 
patients changed the immunosuppression regimen, 
with both prednisolone increase and antimetabolite 
withdrawal in most of them, and no cases of rejection 
were registered. 

Baseline graft function (last eGFR) was the only 
factor associated with all the adverse outcomes 
explored (admission, oxygen need, and the composite 
outcome IMV and/or death).  A French nationwide 
retrospective study comparing hospitalized KT 
patients with a non-transplant control cohort reported 
a higher mortality rate for patients with higher sCr 

compared with normal range values. That difference 
persisted after adjusting for age and comorbidities. 
In fact, in the multivariate analysis, KT was not 
independently associated with mortality rate, while a 
sCr above 1.3 mg/dL was an independent risk factor 
for death29. This data is consistent with early reports 
that CKD is associated with higher mortality rate6,7. 

COVID-19-associated AKI is common, and has 
been associated with higher mortality rate and is 
an independent risk factor for all-cause-in-hospital 
death in COVID-19 patients30. This is in concordance 
with our results, in which AKI was present in half of 
the admitted patients, in 94% in the ICU, and in all 
deceased patients.

The strengths of this study include a long-term, 
one-year follow-up of COVID-19 disease in KT 
recipients, with a thorough review of all notified 
cases. This resulted in a reduction in selection bias of 
more severe cases and consequently in reduction of 
adverse outcomes overall. 

We acknowledge the weaknesses of this study. 
Because of its retrospective nature, it was not possible 
to establish an analytical protocol since the beginning 
of the pandemic, resulting in missing laboratorial 
values, and the therapeutic approach was wave-
dependent and guided by the recommendations at 
each time. Moreover, the relatively small number of 
adverse events hampered our ability to identify risk 
factors for these events. A multicenter prospective 
study would increase the number of patients and 
events and allow standardized data collection and 
management.

In conclusion, KT recipients with COVID-19 
have an increased risk of death compared to the 
general population, which doubles if hospitalization 
is required. This group of patients requires special 
attention and the assistant nephrologist should be 
consulted to manage immunosuppression.

Final eGFR was the most consistent marker of 
adverse outcomes, being associated with admission, 
oxygen need, IMV, and/or death. Given the higher risk 
observed in patients with previous graft dysfunction, 
the threshold for intervention in this group should 
be lowered. Moreover, AKI, as a marker of disease 
severity, should also be an indication for immediate 
treatment. On the other hand, factors associated with 
the baseline immunosuppression alone did not seem 
to affect outcomes.



Braz. J. Nephrol. (J. Bras. Nefrol.) 2022;44(4):533-542

COVID-19 in kidney transplant recipients

541

Abbreviations

AKI - Acute kidney injury
ARDS - Acute respiratory distress syndrome
BMI - Body mass index
CI - Confidence interval
CKD - Chronic kidney disease
CNI - Calcineurin inhibitor
COVID-19 - Coronavirus disease 2019
eGFR - Estimated glomerular filtration rate
ICU - Intensive care unit
IQR - Interquartile range
IMV - Invasive mechanical ventilation
KT - Kidney transplant
OR - Odds ratio
RRT - Renal replacement therapy
RT-PCR - Reverse transcription polymerase chain 
reaction
SARS-CoV-2 - Severe acute respiratory syndrome 
coronavirus 2
sCr - Serum creatinine
SD - Standard deviation
SIR - Standardized incidence ratio
SMR - Standardized mortality ratio

Acknowledgments

No funding was provided for the preparation of this 
manuscript. 

Authors’ Contribution

All authors contributed to the study conception and 
design. Material preparation and data collection 
was performed by JT, JPO, PR, BR and FS. Data 
analysis was performed by JM. The first draft of the 
manuscript was written by JT. JM, MA, LSM, LD, 
ACH and AC provided intellectual content of critical 
importante to the work described. All authors read 
and approved the final manuscript.

Conflict of Interest

None declared. The results presented in this article 
have not been published previously in whole or part, 
except in abstract format.

Supplementary Material

The following online material is available for this 
article:

Supplementary Table 1 - Laboratory findings at 
admission.

Supplementary Table 2 - Clinical characteristic 
and management of the KT recipients who died of 
COVID-19.

Supplementary Table 3 - Univariable analysis of 
risk factors for oxygen need and IVM and/or death.

References

	 1.		 World Health Organization (WHO). Coronavirus disease 2019 
(COVID-19) - situation report 51 [Internet]. Geneva: WHO; 
2020; [cited 2021 Jun 3]. Available from: https://www.who.int/
docs/default-source/coronaviruse/situation-reports/20200311-
sitrep-51-covid-19.pdf?sfvrsn=1ba62e57_10 

	 2.		 Akalin E, Azzi Y, Bartash R, Seethamraju H, Parides M, 
Hemmige V, et al. Covid-19 and kidney transplantation. N 
Engl J Med. 2020 Jun;382(25):2475-7.

	 3.		 Sánchez-Álvarez JE, Fontán MP, Martín CJ, Pelícano 
MB, Reina CJC, Prieto MAS, et al. SARS-CoV-2 infection 
in patients on renal replacement therapy. Report of the 
COVID-19 Registry of the Spanish Society of Nephrology 
(SEN). Nefrologia (Engl Ed). 2020 May/Jun;40(3):272-8.

	 4.		 Ravanan R, Callaghan CJ, Mumford L, Ushiro-Lumb I, 
Thorburn D, Casey J, et al. SARS-CoV-2 infection and 
early mortality rate of waitlisted and solid organ transplant 
recipients in England: a national cohort study. Am J 
Transplant. 2020 Nov;20(11):3008-18.

	 5.		 Jager KJ, Kramer A, Chesnaye NC, Couchoud C, Sánchez-
Álvarez JE, Garneata L, et al. Results from the ERA-EDTA 
registry indicate a high mortality rate due to COVID-19 in 
dialysis patients and kidney transplant recipients across 
Europe. Kidney Int. 2020 Dec;98(6):1540-8.

	 6.		 Cheng Y, Luo R, Wang K, Zhang M, Wang Z, Dong L, et al. 
Kidney disease is associated with in-hospital death of patients 
with COVID-19. Kidney Int. 2020 May;97(5):829-8.

	 7.		 Williamson EJ, Walker AJ, Bhaskaran K, Bacon S, Bates C, 
Morton CE, et al. Factors associated with COVID-19-related 
death using OpenSAFELY. Nature. 2020 Aug;584(7821):430-6.

	 8.		 Mistério da Saúde (BR). COVID-19 - relatório de situação 
- 15/03/2021 [Internet]. Brasília (DF): Mistério da Saúde; 
2021; [access in 2021 Jun 03]. Available from: https://
covid19.min-saude.pt/wp-content/uploads/2021/03/378_
DGS_boletim_20210315-16.00.pdf 

	 9.		 National Institutes of Health (NIH). COVID-19 treatment 
guidelines – Clinical spectrum of SARS-CoV-2 infection 
[Internet]. Bethesda: NIH; 2021; [access in 2021 Jun 03]. 
Available from: https://www.covid19treatmentguidelines.nih.
gov/overview/clinical-spectrum/ 

10.		 Inker LA, Schmid CH, Tighiouart H, Eckfeldt JH, Feldman 
HI, Greene T, et al. Estimating glomerular filtration rate 
from serum creatinine and cystatin C. N Engl J Med. 2012 
Jul;367(1):20-9.

11.		 Khwaja A. KDIGO clinical practice guidelines for acute 
kidney injury. Nephron Clin Pract. 2012;120(4):c179-c84.

12.		 Silva F, Cipriano A, Cruz H, Tavares J, Fragoso J, Malheiro 
J, et al. SARS-CoV-2 infection in kidney transplant 
recipients: early report of five cases. Transpl Infect Dis. 2021 
Feb;23(1):e13394.

13.		 Maggiore U, Abramowicz D, Crespo M, Mariat C, Mjoen G, 
Peruzzi L, et al. How should I manage immunosuppression in 
a kidney transplant patient with COVID-19? An ERA-EDTA 
DESCARTES expert opinion. Nephrol Dial Transplant. 2020 
Jun;35(6):899-904.

14.		 Geleris J,  Sun Y, Platt J, Zucker J, Baldwin M, Hripcsak 
G, et al. Observational study of hydroxychloroquine in 
hospitalized patients with Covid-19. N Engl J Med. 2020 
Jun;382(25):2411-8.

15.		 Breslow NE, Day NE. Statistical methods in cancer research. 
Volume II -- The design and analysis of cohort studies. IARC 
Sci Publ. 1987;(82):1-406.

https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200311-sitrep-51-covid-19.pdf?sfvrsn=1ba62e57_10
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200311-sitrep-51-covid-19.pdf?sfvrsn=1ba62e57_10
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200311-sitrep-51-covid-19.pdf?sfvrsn=1ba62e57_10
https://covid19.min-saude.pt/wp-content/uploads/2021/03/378_DGS_boletim_20210315-16.00.pdf
https://covid19.min-saude.pt/wp-content/uploads/2021/03/378_DGS_boletim_20210315-16.00.pdf
https://covid19.min-saude.pt/wp-content/uploads/2021/03/378_DGS_boletim_20210315-16.00.pdf
https://www.covid19treatmentguidelines.nih.gov/overview/clinical-spectrum/
https://www.covid19treatmentguidelines.nih.gov/overview/clinical-spectrum/


Braz. J. Nephrol. (J. Bras. Nefrol.) 2022;44(4):533-542

COVID-19 in kidney transplant recipients

542

16.		 Heinze G, Dunkler D. Five myths about variable selection. 
Transpl Int. 2017 Jan;30(1):6-10.

17.		 Meester J, Bacquer D, Naesens M, Meijers B, Couttenye 
MM, Vriese AS, et al. Incidence, characteristics, and outcome 
of COVID-19 in adults on kidney replacement therapy: 
a regionwide registry study. J Am Soc Nephrol. 2021 
Feb;32(2):385-96.

18.		 Søfteland JM, Friman G, Von Zur-Mühlen B, Ericzon BG, 
Wallquist C, Karason K, et al. COVID-19 in solid organ 
transplant recipients: a national cohort study from Sweden. 
Am J Transplant. 2021 Aug;21(8):2762-73.

19.		 Guan WJ, Ni Z, Hu Y, Liang WH, Ou CQ, He JX, et al. 
Clinical characteristics of coronavirus disease 2019 in China. 
N Engl J Med. 2020 Apr;382(18):1708-20.

20.		 Cravedi P, Mothi SS, Azzi Y, Haverly M, Farouk SS, Pérez-
Sáez M, et al. COVID-19 and kidney transplantation: results 
from the TANGO International Transplant Consortium. Am 
J Transplant. 2020 Nov;20(11):3140-8.

21.		 Pascual J, Melilli E, Jiménez-Martín C, González-Monte E, 
Zárraga S, Gutiérrez-Dalmau A, et al. COVID-19-related 
mortality during the first 60 days after kidney transplantation. 
Eur Urol. 2020 Oct;78(4):641-3.

22.		 Craig-Schapiro R, Salinas T, Lubetzky M, Abel BT, Sultan S, 
Lee JR, et al. COVID-19 outcomes in patients waitlisted for 
kidney transplantation and kidney transplant recipients. Am J 
Transplant. 2021 Apr;21(4):1576-85.

23.		 Kwok S, Adam S, Ho JH, Iqbal Z, Turkington P, Razvi S, et 
al. Obesity: a critical risk factor in the COVID-19 pandemic. 
Clin Obes. 2020 Dec;10(6):e12403.

24.		 RECOVERY Collaborative Group; Horby P, Lim WS, 
Emberson JR, Mafham M, Bell JL, et al. Dexamethasone in 

hospitalized patients with Covid-19. N Engl J Med. 2020 
Feb;384(8):693-704.

25.		 Carbajo-Lozoya J, Müller MA, Kallies S, Thiel V, Drosten 
C, Von Brunn A. Replication of human coronaviruses SARS-
CoV, HCoV-NL63 and HCoV-229E is inhibited by the drug 
FK506. Virus Res. 2012 Apr;165(1):112-7.

26.		 Coates PT, Wong G, Drueke T, Rovin B, Ronco P. Early 
experience with COVID-19 in kidney transplantation. Kidney 
Int. 2020 Jun;97(6):1074-5.

27.		 Belli LS, Fondevila C, Cortesi PA, Conti S, Karam V, Adam R, 
et al. Protective role of tacrolimus, deleterious role of age and 
comorbidities in liver transplant recipients with Covid-19: 
results from the ELITA/ELTR multi-center european study. 
Gastroenterology. 2021 Mar;160(4):1151-63.e3.

28.		 Solanich X, Antolí A, Padullés N, Fanlo-Maresma M, Iriarte 
A, Mtijavila F, et al. Pragmatic, open-label, single-center, 
randomized, phase II clinical trial to evaluate the efficacy 
and safety of methylprednisolone pulses and tacrolimus in 
patients with severe pneumonia secondary to COVID-19: The 
TACROVID trial protocol. Contemp Clin Trials Commun. 
2021 Mar;21:100716.

29.		 Caillard S, Chavarot N, Francois H, Matignon M, Greze 
C, Kamar N, et al. Is COVID-19 infection more severe 
in kidney transplant recipients? Am J Transplant. 2021 
Mar;21(3):1295-303.

30.		 Nadim MK, Forni LG, Mehta RL, Coonor Junior MJ, Liu 
KD, Ostermann M, et al. COVID-19-associated acute kidney 
injury: consensus report of the 25th Acute Disease Quality 
Initiative (ADQI) Workgroup. Nat Rev Nephrol. 2020 
Dec;16(12):747-64.


	_Hlk74844182

