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a  b s  t r a  c t

Background: The impact of immunosuppression in solid organ transplant recipients with

SARS-CoV-2 infection is unknown. The knowledge about the behavior of different immuno-

suppression schemes in clinical outcomes is scarce. This study aimed to determine the

risk of death in kidney transplant recipients with COVID-19 under two different schemes of

immunosuppression.

Methods: We  describe our experience in kidney transplant recipients with SARS-CoV-2 infec-

tion in seven transplant centers during the  first year of the  pandemic before starting the

vaccination programs in the city of Bogotá. Demographic characteristics, clinical presenta-

tion, immunosuppression schemes at presentation, and global treatment strategies were

compared between recovered and dead patients; survival analysis was carried out between

calcineurin inhibitors based regimen and free calcineurin inhibitors regimen.

Results: Among 165 confirmed cases, 28  died (17%); the risk factors for mortality identified

in univariate analysis were age older than 60 years (p = .003) diabetes (p = .001), immuno-

suppression based on calcineurin inhibitors (CNI) (p = .025) and patients receiving steroids

Abbreviations: CTLA4, cytotoxic T lymphocyte associated protein 4; COVID-19, coronavirus disease 2019; mTOR, mammalian target of
rapamycin; RT-PCR, real time polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; TH17, T helper
17  cells.
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(p  = .041). In multivariable analysis, hypoxemia (p = .000) and calcineurin inhibitors regimen

(p  = .002) were predictors of death. Survival analysis showed increased mortality risk in

patients  receiving CNI based immunosuppression regimen vs. CNI free regimens mortality

rates were, respectively, 21.7% and 8.5% (p = .036).

Conclusions: Our results suggest that the calcineurin inhibitors probably do not provide

greater protection compared to calcineurin inhibitor free schemes being necessary to  carry

out  analyzes that allow us to evaluate the outcomes with different immunosuppression

schemes in solid organ transplant recipients with SARS-CoV-2 infection.

©  2022 Sociedad Española de  Nefrologı́a. Published by Elsevier España, S.L.U. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/

by-nc-nd/4.0/).

Impacto  de  los  esquemas  de inmunosupresión  en  la  mortalidad  por
COVID-19  en  receptores  de trasplante  renal:  análisis  en  centros  de
trasplante  renal  en  Colombia

Palabras clave:

COVID-19

Inmunosupresión

Inhibidores de calcineurina

inhibidor mTOR

Belatacept

SARS-CoV-2

Trasplante renal

r  e s u m  e n

Introducción: El  impacto de  los diferentes esquemas de  inmunosupresión en receptores de

trasplante de  órganos sólidos es desconocido. El conocimiento del comportamiento de  la

enfermedad bajo diferentes esquemas de inmunosupresión es escaso. Nuestra experiencia

intenta determinar el riesgo de  muerte en receptores de trasplante renal con COVID-19 bajo

dos  esquemas diferentes de inmunosupresión.

Métodos: Describimos la experiencia en receptores de trasplante renal con infección por

SARS-CoV-2 en siete centros de trasplante renal en la ciudad de Bogotá, durante el primer

año de pandemia y previo al inicio de  los programas de vacunación. Las características

demográficas, la presentación clínica, los esquemas de  inmunosupresión y  las estrategias

de  tratamiento fueron comparadas entre pacientes recuperados y fallecidos, un análisis

de  sobrevida fue llevado a cabo entre esquemas basados en inhibidores de calcineurina y

esquemas libres de inhibidores de calcineurina.

Resultados: Entre los 165 casos confirmados, 28 murieron (17%), los factores de riesgo identi-

ficados para mortalidad en el análisis univariado fueron: edad mayor de  60 años, diabetes,

un  esquema de inmunosupresión basado en inhibidores de calcineurina y pacientes reci-

biendo esteroides en el  momento del diagnóstico. En  el análisis multivariado, la presencia

de  hipoxemia en el  momento del diagnóstico (p = 0,000) y  un esquema de inmunosupre-

sión basado en inhibidores de calcineurina (p  =  0,002) fueron predictores independientes de

mortalidad. El análisis de  sobrevida encontró un riesgo mayor de mortalidad en pacientes

bajo  esquemas de  inmunosupresión con inhibidores de  calcineurina vs. aquellos libres de

inhibidores de  calcineurina, con tasas de mortalidad respectivas en 21,7 y  8,5% (p = 0,036).

Conclusiones: Nuestros resultados sugieren que los inhibidores de calcineurina no apor-

tan mayor  protección en pacientes con trasplante renal y  COVID-19 en comparación con

esquemas libres de inhibidores de calcineurina, siendo necesario realizar análisis que  per-

mitan  evaluar los desenlaces con diferentes esquemas de inmunosupresión en receptores

de  trasplante renal con infección por  SARS-CoV-2.

©  2022 Sociedad Española de  Nefrologı́a. Publicado por  Elsevier España, S.L.U. Este es un

artı́culo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/licenses/

by-nc-nd/4.0/).

Introduction

The impact of immunosuppression on SARS-CoV-2 infection

in the presence of chronic immunosuppression is  unknown.

The clinical presentation is minor in the wide majority of the

cases; however, it might have a  progressive and severe clini-

cal course causing pneumonia and acute respiratory distress

syndrome, mainly in people older than 60 years or with the

presence of comorbidities.1,2

Solid organ transplant recipients usually present an

increased risk of complications due to respiratory viral infec-

tions associated with pharmacological immunosuppression,

although little else about is known regarding the behav-

ior of SARS-CoV-2 infection.3–6 In patients with SARS-CoV-2

infection and complicated clinical course, a  severe hyperin-

flammatory state has been described7–9;  this would suggest

that the use of immunosuppression schemes could provide

protection in solid organ transplant recipients. Expert opin-

ions based on reports of previous coronavirus infections
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suggest, on one side that calcineurin inhibitors could be pro-

tective in severe hyperinflammatory states, and on the other

side that they do not represent any impact.10–12 Series of

cohorts, collecting experiences from different centers, have

been published, most of them with patients receiving cal-

cineurin inhibitor-based regimens; nevertheless, the analysis

of the behavior with immunosuppression regimens free of cal-

cineurin inhibitors, particularly with co-stimulation inhibitors

and mTOR  inhibitors is scarce. The most common practice in

different centers at an overall level was  to reduce or suspend

antiproliferative drugs or mTOR  inhibitors over the  reduction

or withdrawal of calcineurin inhibitors.13,14

The published series include a low number of renal trans-

plant patients receiving belatacept, even more  so when it

is compared to  the number of those receiving calcineurin

inhibitors or  mTOR inhibitors, which does not allow for

comparisons between schemes.15–22 The drive mechanism of

co-stimulation inhibitors and mTOR inhibitors suggests that

they might play some role in  inflammatory response modula-

tion, compared with schemes based on calcineurin inhibitors

in renal transplant recipients and COVID-19.23–27

In Colombia, the first case of COVID 19  was reported on

March 6, 2020; as of mid-February, 2021, when vaccination

started (and solid organ transplant recipients were priori-

tized), 2.2 million cases and 58 thousand cases had been

confirmed. According to data from the national official reg-

istry, in 2019 there were 1844 renal transplant recipients

in active follow-up in 11 transplant centers in the city of

Bogotá. We  undertook this observational study in 7 transplant

centers in Bogota, Colombia in order to describe the clini-

cal presentation, treatment, and outcomes in adult kidney

transplant recipients diagnosed with COVID-19, and the pos-

sible association between severity of infection and calcineurin

inhibitor-based and calcineurin inhibitor-free immunosup-

pression regimens, before vaccination started.

Materials  and  methods

This is a multicenter retrospective study involving renal trans-

plant recipients with COVID-19 confirmed by RT PCR via upper

respiratory tract sampling. All cases confirmed between March

15, 2020 and February 4, 2021 were included in the  analysis,

and followed until March 4, 2021 for survival analysis. Demo-

graphic variables, comorbidities, body mass index (BMI), renal

function, post-transplant time to  infection, presenting symp-

toms, immunosuppression schemes, and chest X-ray imaging

findings were collected. The clinical course included admis-

sion to hospital, immunosuppression adjustments, treatment

strategies, mechanical ventilation, dialysis, and death. The

patients were treated according to  the local site’s standard

of care and adjustments in immunosuppressive drugs were

made following recommendations of the Colombian Society

of Nephrology.28 Each centers received approval from their

institutional review board.

Statistical  analysis

A univariable analysis was  carried out using measures of

central tendency and dispersion for each of the  quantitative

variables studied; frequencies and percentages were utilized

for the qualitative variables with mortality as  the primary out-

come.

Survival curve was plotted using the Kaplan–Meir method

and compared between patients under calcineurin inhibitors

immunosuppression and calcineurin inhibitors free immuno-

suppression by log-rank test.

Univariate and multivariate Cox proportional hazard

regression analysis were assessed for independent risk factors

of COVID-19 related mortality. In the multivariate analysis,

demographic variables and those covariates with a p value <.1

were included. Survival time was  considered until death or

30 days after the last case for both Cox and the Kaplan–Meier

analysis (March 6, 2021). Results are expressed as hazard ratio

with their 95% confidence intervals. A  p value <.05 was  con-

sidered statistically significant.

Results

Patient  characteristics

Table 1  shows characteristics of the entire cohort; among the

165 patients included in the record, 96% were symptomatic;

the remaining 4% were close contacts of confirmed COVID-

19 subjects. A total of 82 patients (49.7%) were admitted to

the hospital. Patients in  the  outpatient follow-up group were

younger. At the time of diagnosis, calcineurin inhibitors, cos-

timulation inhibitors, mTOR inhibitors, antimetabolites and

steroids were received by 62.2%, 21.2%, 15.2%, 92.1% and

78.8% of patients respectively. Modification of immunosup-

pression occurred in patients receiving calcineurin inhibitors

and antimetabolites in 20% and 40% respectively; particu-

larly, the withdrawal of mTOR inhibitors and postponement

of the next dose of co-stimulation inhibitors occurred in  7.3%

and 9.7% of patients. A small number of patients, among the

first confirmed cases, received hydroxychloroquine (3 of 165)

and lopinavir/ritonavir (1/165). Antibiotics were received in

40% of patients, 18.8% received ivermectin, and 32.1% dexam-

ethasone. A  total of 36 patients (21.8%) were admitted to the

intensive care unit and required mechanical ventilation, with

acute renal failure needing renal replacement therapy in 15

patients (9.1%). No episode of acute renal graft rejection was

reported. Overall mortality 30  days after diagnosis was 17%.

Univariable  and  multivariable  Cox  regression  analysis  for

the relationship  between  risk  factors  and  outcomes

In univariable analysis, age older than 60 years old, history

of diabetes, time after transplant to COVID-19 diagnosis less

than 6 months, dyspnea, hypoxemia, calcineurin inhibitors,

and use of steroids were significantly associated with mortal-

ity (Table 2).

In multivariable Cox regression analysis, hypoxemia and

calcineurin inhibitors based immunosuppression remained as

independent predictors of death.
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Table 1 – Characteristics of kidney transplant recipients included in  the COVID-19 registry.

All Recovered Deceased p

n = 165 n = 137 n = 28

Males 99 (60.0%) 82 (59.9%) 17  (60.7%) .449

Age (years)

Mean (SD) 49 (14) 46  (14) 60  (11) .000

Median (IQR) 48 (38–60) 44  (36–56) 59  (54–68)

Range 12–85 12–76  42–85

>60 40 (24.2%) 27  (19.7%) 13  (46.4%) .003

BMI (kg/cm2)

Mean (SD) 25.5 (3.8) 25.3 (3.8) 26.4 (4.0) .169

Range 18–45 18–45  18–36

Months since transplant

Mean (SD) 6.4 (5.7) 6.7  (5.6) 4.8  (5.6) .103

Range 0–34.5 0.1–34.5 0–19.8

Less than 6 months 14 (8.5%) 9  (6.6%) 5  (17.9%) .056

Hypertension 115 (69.7%) 93  (67.9%) 22  (78.6%) .185

Diabetes 44 (26.7%) 28  (20.4%) 16  (57.1%) .001

BMI > 30 kg/m2 14 (8.5%) 11  (8.0%) 3  (10.7%) .463

Immunosuppression

CNI 106 (64.2%) 83  (60.6%) 23  (82.1%) .025

Tacrolimus 99 (60.0%) 78  (56.9%) 21  (75%) .05

mTor inhibitors 25 (15.2%) 23  (16.8%) 2  (7.1%) .159

Belatacept 35 (21.2%) 31  (22.6%) 4  (14.3%) .233

MPA 152 (92.1%) 127 (92.7%) 25  (89.3%) .41

Azathioprine 7 (4.2%) 5  (3.6%) 2  (7.1%) .374

Steroids 130 (78.8%) 104 (75.9%) 26  (92.9%) .041

Presenting symptoms

Fever 98 (59.4%) 80 (58.4%) 18 (64.3%) .357

Cough 91 (55.2%) 74  (54.0%) 17  (60.7%) .329

Dyspnea 64 (38.8%) 48  (35.0%) 16  (57.1%) .024

Clinical variables

Hypoxemia 63 (38.2%) 37  (27.0%) 26  (92.9%) <.001

Pulmonary infiltrates 87 (52.7%) 61  (44.5%) 26  (92.9%) <.001

Hospitalization 82 (49.7%) 55  (40.1%) 27  (96.4%) <.001

Mechanical ventilation 36 (21.8%) 12  (8.8%) 24  (85.7%) <.001

Hemodialysis 15 (9.1%) 3  (2.2%) 12  (42.9%) <.001

Treatment

Hydroxychloroquine 3 (1.8%) 3  (2.2%) 0  (0.0%) .285

Lopinavir/ritonavir 1 (0.6%) 1  (0.7%) 0  (0.0%) .321

Ivermectin 31 (18.8%) 16  (11.7%) 15  (53.6%) <.001

Dexamethasone 53 (32.1%) 28  (20.4%) 25  (89.3%) <.001

Antibiotics 66 (40.0%) 41  (29.9%) 25  (89.3%) <.001

BMI, body mass index; CNI, calcineurin inhibitors; IQR, inter-quartile range; MPA, mycophenolic acid; SD, standard deviation.

Table 2 – Univariate and multivariate Cox regression analyses for death after COVID-19 in kidney transplant recipients
included in the registry.

Univariate analysis Multivariate analysis

HR (95% CI) p value HR (95% CI) p  value

Age > 60 years 3.4 (1.6–7.2) .001 1.2 (0.5–3.1) .647

Diabetes 4.0 (1.9–8.6) .000 2.3 (0.9–6.0) .082

Time from KT < 6  months 2.9 (1.1–7.6) .034 0.7 (0.2–2.0) .500

Dyspnea 2.34 (1.1–5.0) .028 0.58 (0.2–1.4) .220

Hypoxemia 29.3 (6.9–124.5) .000 41.0 (7.7–218.5) .000

Steroids 4.0 (0.9–16.9) .060 1.1 (0.2–5.3) .898

Calcineurin inhibitors 3.4 (1.2–9.7) .026 6.1 (1.9–19.4) .002

CI, confidence interval; HR, hazard ratio; KT, kidney transplant.
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Table 3 – Clinical characteristics of kidney transplant recipients according to their immunosuppression regimen at the
time of SARS-CoV-2 infection diagnosis.

CNI CNI free p

n = 106 n = 59

Age (years)

Mean (SD) 48.2 49.1 .694

Median (IQR)  45  49.1

Range 52  73.4

BMI (kg/cm2)

Mean (SD) 25.33 25.56 .71

Median (IQR)  25.18 25.47

Range 25.26 17.61

Months since transplant

Mean (SD) 7.5 5.8 .082

Median (IQR)  5.2 4.3

Range 34.2 19.1

Age >  60  25  (23.6) 15 (25.4) .109

Males 64  (60.4) 35 (59.3) .004

Less than 6  months 12  (11.3) 2 (3.4) .019

Hypertension 76  (71.7) 38 (64.49) .271

Diabetes 30  (28.3) 14 (23.7) .525

BMI > 30 kg/m2 10 (9.4) 4 (6.8) .71

Steroids 85  (80.2) 45 (76.3) .556

Presenting symptoms

Fever 59  (55.7) 39 (66.1) .15

Nasal congestion 9 (8.5) 10 (16.9) .092

Cough 56  (52.8) 35 (59.3) .355

Odynophagia 24 (22.6) 13 (22) .973

Dyspnea 44  (41.5) 20 (33.9) .378

Myalgia 52  (49.1) 25 (42.4) .466

Diarrhea 37  (34.9) 14 (23.7) .156

Fatigue 56  (52.8) 19 (32.2) .015

Anosmia/dysgeusia 10  (9.4) 8 (13.6) .396

Clinical findings

Hypoxemia 42  (39.6) 21 (35.6) .61

Pulmonary infiltrates 52  (49.1) 35 (59.3) .207

Hospitalization 54  (50.9) 28 (47.5) .668

Mechanical ventilation 25 (23.6) 11 (18.6) .837

Hemodialysis 10  (9.4) 5 (8.5) .462

Treatment

Hydroxychloroquine 3 (2.8) 0 .99

Lopinavir/ritonavir 1 (0.9) 0 1

Ivermectin 21  (19.8) 10 (16.9) .652

Dexamethasone 37  (34.9) 16 (27.1) .306

Antibiotics 43  (40.6) 24 (40.7) .995

Death 23  (21.7) 5 (8.5) .036

Comparison  between  patients  receiving  calcineurin

inhibitors  based  regimen  and  calcineurin  inhibitors  free

regimen

Due to the finding of immunosuppression with calcineurin

inhibitors as a  risk factor associated with mortality, we have

distributed the patients in  two subgroups in Table 3:  group

1, under calcineurin inhibitor based immunosuppression

regimen and group 2 without calcineurin inhibitor immuno-

suppression regimen (mTOR  inhibitors or belatacept). Most

patients in group 1 were males, and they had a time after

transplant to COVID-19 diagnosis less than 6 months. Survival

analysis showed a significant increasing mortality: group 1,

21.7%; group 2, 8.5% (Fig. 1).

Discussion

There is  limited information regarding the  impact of

chronic immunosuppression on the outcomes of solid organ

transplant recipients or the differences between each of

immunosuppression strategy. In this study, clinical presen-

tation of COVID-19 is similar to that reported in the overall

population, with fever and cough as the most frequent

symptoms.29 It is important to note that the presence of gas-

trointestinal symptoms (30.9%) is higher than that reported

in the general population (5%–10%).30 This situation has been

reported in other series with organ transplant patients in

France (42%) and Spain (36.7%).15,31,32 However, we did not find
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Fig. 1 – Survival function for death according to CNI based immunosuppression regimen and CNI free immunosuppression

regimen at the time of SARS-CoV-2 infection diagnosis.

an association with lower risk of death as was found in a series

in Spain.31,32

The average overall case fatality rate in Colombia has been

between 2.5 and 3% depending on the region.33 Multiple expe-

riences have described a higher risk of complications and

death in solid organ recipients compared to the overall pop-

ulation, a finding confirmed in our experience.15,32–36 In our

series, the 30-day case-fatality rate was  17%; the  risk of hos-

pitalization was close to half of the patients (49.7%), and

mechanical ventilation requirement was also higher (21.8%).

Age over 60, history of diabetes and dyspnea at initial pre-

sentation were risk factors for mortality in our cohort, as has

been described in the overall population.37 Time  to renal trans-

plantation of less than 6 months was not associated with

a lower probability of survival although there is  a trend in

our cohort, which has been described in registries from New

York and Spain, probably associated with a higher burden of

early.32,36 Obesity has been previously reported as  a  risk fac-

tor for mortality in solid organ transplant recipients15 but

we did not confirm this in our series. On the  other hand,

we  found differences between immunosuppression schemes,

with steroids and calcineurin inhibitors as important risk fac-

tors for mortality.

In the Brescia cohort, after adjusting with a multivariate

model, tacrolimus was associated with risk of death (OR 6.9;

95% CI: 0.99–67, p = .07) although these results could be  a  con-

sequence of  the characteristics of the population studied39;

however; in the Spanish Registry tacrolimus showed higher

mortality in kidney transplant recipients in the first 6  months

after transplantation, probably associated with maximum

effect of immunosuppression.32

The capacity of CNI to  inhibit viral replication through

inhibition of immunophilin pathways independent of their

immunosuppressive effect could potentially reduce viral repli-

cation of SARS-CoV-2.9,40,41 The role in the prophylaxis of graft

rejection in a scenario with reduced immunosuppression bur-

den were probably the reasons that positioned CNI as  the

preferred maintenance immunosuppressants in  patients with

COVID-19.15,20,35,36

Most studies in patients with solid organ transplants and

COVID-19 describe few patients with immunosuppression

schemes free of tacrolimus or cyclosporine; fact, which does

not allow for comparisons. In our country, the most com-

monly used immunosuppression scheme is tacrolimus and

mycophenolic acid with or without steroids in 69% and 88%

of renal transplant recipients, respectively.38

Our search identified 15  publications totaling 1785 cases;

1532 (85.8%) were receiving CNI, 218 (12.2%) mTOR inhibitors,

and 29  (1.6%) belatacept.10,15–17,19,31,35,39,42–45 A  Spanish study

of 414 renal transplant recipients, of which 82.6% were receiv-

ing tacrolimus and 23% mTOR inhibitors, would be  the series

with the highest number of cases with CNI-free schemes

reported to date (n = 94). It describes a trend toward a  higher

probability of recovery in the latter group (patients with

COVID-19 mortality vs. recovery: mTOR inhibitors p = .069,

tacrolimus p  = .941).31

Since the clinical behavior in patients with severe COVID-

19  could be explained by an  excessive activation of the



n e f r o  l o g i a 2 0 2 3;4 3(6):757–764 763

immune system,46 the use of drugs that manage to reduce the

mortality of patients with severe COVID-19 could be explained

by their activity on the immune system.46

The use of medications that potentially decrease an exag-

gerated immune response seems reasonable as a treatment

strategy to reduce the risk of complications or reduce the

likelihood of progression from mild to severe disease. SARS-

CoV-2 causes excessive activation of the mTOR  signaling

pathway in in vitro models; proper functioning of this pathway

is necessary for T-cell differentiation. Overactivation of the

mTOR  pathway can cause an imbalance leading to a  reduced

accumulation of regulatory T cells and an  increased TH1747

response, a scenario that has been described in patients with

severe COVID-19.48,49

mTOR  inhibitors inhibit the proliferation of effector T cells

and stimulate the  accumulation of regulatory T cells.50 Con-

sistent with these observations, mTOR inhibitors could reduce

immune-mediated damage and clinical manifestations dur-

ing SARS-CoV-2 infection. Nonetheless, in published series in

solid organ transplant recipients with SARS-CoV-2 infection,

mTOR inhibitors were reduced or discontinued in the vast

majority of  cases.15,35

In line with current evidence, a reduced level of periph-

eral regulatory T cells in patients with severe COVID-19 could

be part of  the  reasons for an overactive immune system,49

the expansion of regulatory T cells through immunoregu-

latory molecules including CTLA4 may  explain the role  of

the immunosuppressant belatacept in a hypothetical control

of inflammation in  renal transplant recipients with COVID-

19.23,24

Our series includes a large number of cases with immuno-

suppression schemes free of CNI, with a  higher risk of death

in those who  received CNI. It is important to note that there

is no apparent benefit associated with the use of CNI above

other immunosuppressants and it seems necessary to carry

out further clinical studies that allow us  to  evaluate outcomes

and immunosuppression in renal transplant recipients with

COVID-19.
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