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Lúcio R. Requião-MouraID
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Abstract

Background

Kidney transplant (KT) recipients are considered a high-risk group for unfavorable outcomes

in the course of coronavirus disease 2019 (COVID-19).

Aim

To describe the clinical aspects and outcomes of COVID-19 among KT recipients.

Methods

This multicenter cohort study enrolled 1,680 KT recipients diagnosed with COVID-19

between March and November 2020, from 35 Brazilian centers. The main outcome was the
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90-day cumulative incidence of death, for the entire cohort and according to acute kidney

injury (AKI) and renal replacement therapy (RRT) requirement. Fatality rates were analyzed

according to hospitalization, intensive care unit (ICU) admission, and mechanical ventilation

(MV) requirement. Multivariable analysis was performed by logistic regression for the proba-

bility of hospitalization and death.

Results

The median age of the recipients was 51.3 years, 60.4% were men and 11.4% were Afro-

Brazilian. Comorbidities were reported in 1,489 (88.6%), and the interval between transplan-

tation and infection was 5.9 years. The most frequent symptoms were cough (54%), myalgia

(40%), dyspnea (37%), and diarrhea (31%), whereas the clinical signs were fever (61%)

and hypoxemia (13%). Hospitalization was required in 65.1%, and immunosuppressive

drugs adjustments were made in 74.4% of in-hospital patients. ICU admission was required

in 34.6% and MV in 24.9%. In the multivariable modeling, the variables related with the prob-

ability of hospitalization were age, hypertension, previous cardiovascular disease, recent

use of high dose of steroid, and fever, dyspnea, diarrhea, and nausea or vomiting as

COVID-19 symptoms. On the other hand, the variables that reduced the probability of hospi-

talization were time of COVID-19 symptoms, and nasal congestion, headache, arthralgia

and anosmia as COVID-19 symptoms. The overall 90-day cumulative incidence of death

was 21.0%. The fatality rates were 31.6%, 58.2%, and 75.5% in those who were hospital-

ized, admitted to the ICU, and required MV, respectively. At the time of infection, 23.2% had

AKI and 23.4% required RRT in the follow-up. The cumulative incidence of death was signifi-

cantly higher among recipients with AKI (36.0% vs. 19.1%, P < 0.0001) and in those who

required RRT (70.8% vs. 10.1%, P < 0.0001). The variables related with the probability of

death within 90 days after COVID-19 were age, time after transplantation, presence of

hypertension, previous cardiovascular disease, use of tacrolimus and mycophenolate,

recent use of high dose of steroids, and dyspnea as COVID-19 symptom. On the other

hand, the variables that reduced the risk of death were time of symptoms, and headache

and anosmia as COVID-19 symptoms.

Conclusion

The patients diagnosed with COVID-19 were long-term KT recipients and most of them had

some comorbidities. One in every five patients died, and the rate of death was significantly

higher in those with AKI, mainly when RRT was required.

Introduction

In March 2020, about 3 months after the first confirmed case in China, coronavirus disease

2019 (COVID-19), the infectious disease caused by the novel coronavirus severe acute respira-

tory syndrome coronavirus 2 (SARS-CoV-2), was declared a pandemic by the World Health

Organization. In Brazil, the first case was registered on February 26, 2020. To date, Brazil is

one of the most affected countries, with> 220,000 deaths in 9.2 million infected people by Jan-

uary 2021 [1]. Two relevant aspects of this pandemic could be highlighted, not only in Brazil

but also worldwide: geographic differences in the spread of the virus and a wide variety of
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clinical presentations in infected patients [2–5]. In Brazil, a country with a continental dimen-

sion and diverse economic and climatic variations, the initial spread of the pandemic followed

an evident migratory character, affecting different geographic areas at different times, with

varied intensity, and with each geographic region showing different waves in the number of

cases across the epidemiologic weeks [6]. Even in the federative unit of São Paulo, which is the

most populous state in the country, it was possible to detect this pattern of migratory move-

ments [7].

Clinically, it has been estimated that the vast majority of patients present with an asymp-

tomatic picture or a discreet flu syndrome; however, others can evolve to severe presentations

associated with severe acute respiratory syndrome, requiring mechanical ventilation (MV) and

having a high risk of death [4]. To date, age has been well known to be one of the strongest pre-

dictors of death, although comorbidities such as hypertension, diabetes, and obesity have con-

tributed to the worst prognosis [5, 8]. Accordingly, kidney transplant (KT) recipients have

been considered a group of patients with a high vulnerability to infection and worst outcomes,

not only because of the chronic and unavoidable use of immunosuppressive drugs but also

owing to the presence of comorbidities related to a severe evaluation [9–12].

Considering these scenarios, it is imperative to measure the impact of the COVID-19 pan-

demic in this specific population, despite the evolution of knowledge related to the diagnosis,

improvement and amplification of testing and refinement of patient care throughout 2020

[13]. Therefore, this study aimed to describe the characteristics of COVID-19 in KT recipients

followed up in different Brazilian transplantation centers, located in different geographic

areas, over the first month of the pandemic in the country, as well as to measure the main out-

comes after the COVID-19 diagnosis in these patients.

Methods

Study design and population

This was a retrospective multicenter cohort study that enrolled KT recipients followed up in

centers located in four of the five geographic regions in Brazil. The country is geographically

divided into five regions: north, northeast, midwest, southeast, and south. All 81 active KT

centers in Brazil were invited, of which 78 agreed to participate and 37 effectively completed

the regulatory process. The centers in the north region did not answer the invitation or did not

complete the regulatory process; therefore, none of the enrolled patients came from centers

located in this region. The 35 participating centers are responsible for 57% of all transplanta-

tion activities in the country. The study was approved by the National Ethics Research Com-

mittee (CAEE 30631820.0.1001.8098) and by the local ethics committee of all participating

centers (S1 Table), and it was registered in the Clinical.Trails.gov (NCT04494776). Informed

consent or its exemption followed specific national legislations, the local Institutional Review

Board (IRB) recommendations, and the guidelines of the Declaration of Helsinki. In all cases

where informed consent was obtained, it was written. In some specific cases, the informed

consent was waived by the local IRB.

The eligible participants were KT recipients or KT combined with other solid organ recipi-

ents who underwent transplantation performed at any time, of any age, and with a COVID-19

diagnosis between March and November 11, 2020. The diagnosis was considered only in

patients who presented at least one COVID-19-attributable symptom associated with a posi-

tive result in any one of the following tests: polymerase chain reaction (PCR), serology, or viral

antigen detection. A codebook with the list of the attributable symptoms is presented in the S2

Table. The diagnosis based on serology was retrospectively performed in patients who had had

attributable symptoms. The attributable symptoms were defined by the local investigator.
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Screening diagnoses in asymptomatic patients were excluded. The final follow-up date was

December 11, 2020, or the date of death, and the analysis was performed between December

2020 and January 2021.

Source of data

All participating centers completed an ad hoc designed data collection form containing demo-

graphic, epidemiologic, clinical, laboratory, clinical management option, and outcome data.

Data were anonymized and de-identified, and stored in the REDCap platform. One physician

(TVSV) checked the quality of all data.

Definitions and outcomes

The provenance of the cases was considered from the location of the center where the patients

were being followed up and was grouped according to the geographic region of the country:

northeast, midwest, southeast, and south. The source of infection was classified as either com-

munity or probably nosocomial (defined as an infection diagnosis during hospitalization for a

clinical condition not related to COVID-19), according to the clinical criteria of each center.

Immunosuppressive management, use of medications for infection, patients’ allocation to the

ward or intensive care unit (ICU), and indication for MV were performed at each center

according to their own local practices. The place of clinical management was categorized as

domiciliary or in-hospital. Patients whose clinical management was started at home but were

hospitalized in the course of the infection were considered to have had in-hospital clinical

management. The clinical management of patients who were allocated to home care was

defined by the local investigators according to their own practices.

The baseline creatinine value was assessed from the mean value of the three last available

serum creatinine measurements before the date of infection, and the estimated glomerular fil-

tration rate (eGFR) was calculated using the Chronic Kidney Disease Epidemiology Collabora-

tion equation [14]. Acute kidney injury (AKI) was considered present if the serum creatinine

level at the COVID-19 diagnosis was higher by� 50% than the baseline value [15]. Renal

replacement therapy (RRT) was indicated according to local practices.

The main outcome was the 90-day cumulative incidence of death after the COVID-19 diag-

nosis. The intermediate outcomes were need for hospitalization because of COVID-19 infec-

tion, ICU admission, MV requirement, AKI at COVID-19 diagnosis, and RRT requirement

during hospitalization.

Statistical analysis

Categorical variables are summarized as frequency distributions and percentiles. Continuous

variables were tested for normality using the Kolmogorov-Smirnov and Shapiro-Wilk tests. As

no one variable presented a normal distribution, all of them are described as median and inter-

quartile range (first to third quartiles). Missing values were censored, and the number of non-

missing values was included in the description of the variables. The fatality rates (proportion

of deaths from COVID-19 compared to the number of diagnosed patients) were calculated for

the whole population and for groups according to intermediate outcomes: hospitalization,

ICU admission, MV requirement, AKI at COVID-19 diagnosis, and RRT requirement.

The outcomes were grouped according to the time after transplantation, dichotomized

in� 1 year or longer. Additionally, all variables were compared between hospitalized and

non-hospitalized patients, as well as survivors and non-survivors patients. The continuous var-

iables were compared by Mann-Whitney U test and the categorical were compared by X2 or

Fisher test. The variables that reached a P-value� 0.10 in the univariable comparison were
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selected for the multivariable modeling for the probability of hospitalization and death. The

multivariable analysis was performed by the binary logistic regression.

The cumulative incidences of death were calculated for the whole population and according

to AKI and RRT requirement using Kaplan-Meier analysis, and compared using the log rank

test. Statistical analyses were performed using Statistical Package for the Social Sciences (ver-

sion 26; IBM, Armonk, NY, USA), and statistical significance was defined as P < 0.05, with the

95% confidence interval.

Results

Demographic data and case distribution over time

The demographic data at the COVID-19 diagnosis are detailed in Table 1. The median age of

the recipients was 51.3 (41.7–60.0) years, and 75.1% of them were aged between 18 and 60

years. Most of the KT recipients were men (60.4%), and only 11.4% were Afro-Brazilian. A

high prevalence of comorbidities was observed, with hypertension being the most frequent

(75.7%), followed by diabetes mellitus (34.0%) and obesity (23.8%), although the median body

mass index was 26.5 (23.6–29.7) kg/m2. Some previous cardiovascular diseases were reported

in 12.3% of the patients, and no comorbidity was registered in 11.4%. Reflecting the demogra-

phy of the Brazilian transplant program, 66.7% of the patients received a graft from deceased

donors, 31.2% from living donors, and only 2.2% received KT simultaneously or sequentially

with another solid organ. The time interval between transplantation and COVID-19 infection

was 5.9 (2.3–10.7) years. The most frequent immunosuppressive regimen that patients were

receiving at the time of infection was the combination of one calcineurin inhibitor (tacrolimus

or cyclosporin) with mycophenolate (59.4%), followed by one calcineurin inhibitor with aza-

thioprine (15.5%). Use of high dose of steroids and lymphocyte depleting antibody to treat

acute rejection until 3 months before the COVID-19 diagnosis were recorded for 4.3%

(n = 73) and 2.8% (n = 47), respectively. Only 8.7% of the patients were receiving a steroid-free

regimen. The eGFR was 48.4 (32.4–65.4) mL/min/1.73 m2.

Over time, a relevant variation was observed in terms of the number of cases according to

the geographic area, as shown in Fig 1. Across all months, the southeast region had the highest

number of cases, especially between June and July (208 and 205 cases, respectively). The same

trend was observed in the northeast region, which showed an earlier peak of 137 diagnoses in

May, followed by a large decrease from August and with only one case registered in November.

Meanwhile, the south region recorded an increase in cases from June, reaching a peak of 87

diagnoses in July, followed by a plateau between September and November.

Source of infection and clinical management

The main source of infection was the community, which was reported in 92% of the patients.

Nosocomial transmission was most frequently reported in the first 2 months (March and

April), with an incidence reaching 14% of all cases in each month, followed by 12% in July and

6–7% in the other months. Among the patients who had nosocomial transmission, in 16

(11.7%) the infection occurred during the hospitalization when the transplantation was per-

formed. The time between the start of symptoms and the COVID-19 diagnosis was 5 (3–9)

days, and their frequencies are depicted in Fig 2. The most frequent symptoms were cough

(54%), myalgia (40%), dyspnea (37%), and diarrhea (31%). Notably, a quarter of the patients

had anosmia (24%) and only 9% presented with ageusia. Among the clinical signs, fever or

chills were observed in 61% and hypoxemia in 13%. The diagnoses were made according to

the results of PCR test in 84.6%, serology test in 15.3%, and viral antigen detection in 0.8%.

Among patients who had the diagnosis based on serology, the time between the COVID-19
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attributable symptoms and serology was 26.0 (9.0; 55.0) days. In 12 patients, more than one

diagnostic method was reported.

About two-thirds of the patients (65.1%) were hospitalized for clinical management, 7.0

(4.0; 10.0) days after the beginning of symptoms. Among them, the main therapeutic manage-

ment was the prescription of antimicrobials (Table 2): 56.5% received azithromycin and 70.7%

Table 1. Demographic characteristics at COVID-19 diagnosis.

Non-missing cases Total N = 1,680

Age (years) 1,680 51.3 (41.7–60.0)

Age group 1,680

< 18 years 14 (0.8)

18–60 years 1261 (75.1)

> 60 years 405 (24.1)

Male sex 1,680 1,015 (60.4)

Afro-Brazilian ethnicity 1,680 191 (11.4)

BMI (kg/m2) 1,588 26.5 (23.6–29.7)

BMI� 30 kg/m2 1,588 378 (23.8)

Donor source 1,680

KT-LD 524 (31.2)

KT-DD 1,120 (66.7)

SPK 23 (1.4)

PAK 1 (0.1)

SLK 7 (0.4)

KAL 4 (0.2)

SHK 1 (0.1)

Time after KT (years) 1,676 5.9 (2.3–10.7)

KT� 30 days 1,676 41 (2.4)

Comorbidities 1,680

None 191 (11.4)

Hypertension 1,272 (75.7)

Diabetes 571 (34.0)

Cardiovascular 206 (12.3)

Pulmonary 54 (3.2)

Neurologic 20 (1.2)

Hepatic 63 (3.8)

Neoplasia 84 (5.0)

Autoimmune 49 (2.9)

IS regimen 1,680

CNI-AZA 261 (15.5)

CNI-MPA 998 (59.4)

CNI-mTORi 157 (9.3)

CNI-free 165 (9.8)

Other 99 (5.9)

eGFR (mL/min/1.73 m2) 1,497 48.4 (32.4–65.4)

AZA, azathioprine; BMI, body mass index; CNI, calcineurin inhibitor; DD, deceased donor; eGFR, estimated

glomerular filtration rate; IS, immunosuppressive; KAL, kidney after liver; KT, kidney transplant; LD, living donor;

mTORi, mammalian target of rapamycin inhibitor; PAK, pancreas after kidney; SHK, simultaneous heart-kidney;

SLK, simultaneous liver-kidney; SPK, simultaneous pancreas-kidney.

https://doi.org/10.1371/journal.pone.0254822.t001
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received antibiotics other than azithromycin. In 16.6% of the patients, the antiviral oseltamivir

was prescribed. Increase in the steroid dose was reported in 43.6% of the patients. Hydroxy-

chloroquine or chloroquine was prescribed in 16.0%; however, its use was predominant in the

first 2 months of the pandemic (March and April), abruptly decreased from May (7%), ranged

from 2.5% to 1.4% in the following months, and was not reported in November. Some antico-

agulants were indicated in prophylactic doses in 29.5% of in-hospital patients, whereas only

8.8% received therapeutic doses.

Another important point was the management of the immunosuppressive schedule. In

74.4% of in-hospital patients, some kind of intervention in immunosuppressive drugs was

indicated, with a reduction in the dose of the antiproliferative drug (mycophenolate, azathio-

prine, or mammalian target of rapamycin inhibitor) being the choice in 37.2%, whereas both

antiproliferative drugs and calcineurin inhibitors were withdrawn in 36.4%. As expected, a

very different profile was observed among the 34.9% patients who were allocated to home care

(Table 2). Among them, 32.9% received azithromycin and 14.2% ivermectin. A high-dose ste-

roid was prescribed in 12.5% of the patients. In the vast majority (84.0%), there was no change

in the immunosuppressive schedule. In 14.8%, the dose of the antiproliferative agent was

reduced.

Outcomes

The creatinine value at baseline and at the time of COVID-19 diagnosis was reported in 1,497

and 1,071 patients, respectively. Therefore, in 1,052 recipients (62.6% of the entire cohort), the

creatinine values were available at the two time points, and the frequency of AKI at COVID-19

diagnosis was 23.2% (244 patients). ICU admission was required in 34.6% (n = 577, missing

values = 11) and MV in 24.9% (n = 417, missing values = 10). The intermediate outcomes are

summarized in Table 3. The cumulative incidence of death at 90 days after the diagnosis was

21.0% (Fig 3). The fatality rate was grouped according to intermediate outcomes (Table 3).

Fig 1. Number of COVID-19 cases over the observation months according to geographic region. MW, midwest; SE, southeast; S, south; NE, northeast.

https://doi.org/10.1371/journal.pone.0254822.g001
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The fatality rate was 31.6% among in-hospital patients, 58.2% (n = 336) in those who were

admitted to the ICU, and 75.5% (n = 314) in those who required MV. The outcomes were

compared according to the time of transplantation:� 1 year or longer (S3 Table). The hospi-

talization rate was higher among patients who had the time after transplantation shorter than

1 year (71.3% vs. 64.0%, P = 0.031), as well as the requirement for RRT (30.6% vs. 22.1,

P = 0.005).

We observed that the cumulative incidence of death at 90 days after the COVID-19 diagno-

sis was significantly higher in patients who had AKI (36.0 vs. 19.1%, P< 0.0001; Fig 4A) and

in those who required RRT during the hospitalization time (70.8% vs. 10.1%, P < 0.0001;

Fig 4B).

Fig 2. Symptoms and signs at COVID-19 diagnosis.

https://doi.org/10.1371/journal.pone.0254822.g002
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We compared the variables among patients who were hospitalized with those who were

not. The results are presented in the S4 Table. The variables that achieved better results were

included in a multivariable analysis, which is detailed in the Table 4. The variables related with

the probability of hospitalization were age, hypertension, previous cardiovascular disease,

recent use of high dose of steroid, and fever, dyspnea, diarrhea, and nausea or vomiting as

COVID-19 symptoms. On the other hand, the variables that reduced the probability of hospi-

talization were time of COVID-19 symptoms, and nasal congestion, headache, arthralgia and

anosmia as COVID-19 symptoms.

Finally, We compared the variables among patients who survived with those who did not.

The results are presented in the S5 Table. The variables that achieved better results were

included in a multivariable analysis, which is detailed in the Table 5. The variables related with

the probability of death within 90 days after COVID-19 were age, time after transplantation,

presence of hypertension, previous cardiovascular disease, use of tacrolimus and mycopheno-

late as the maintenance immunosuppression, recent use of high dose of steroids, and dyspnea

as COVID-19 symptom. On the other hand, the variables that reduced the risk of death were

time of symptoms, and headache and anosmia as COVID-19 symptoms.

Table 2. Clinical management of in-hospital patients and outpatients.

Clinical management, n (%) In-hospital n = 1,094 (65.1%) Outpatient n = 589 (34.9%)

Supportive medicinesa

Azithromycin 618 (56.5) 193 (32.9)

Antibiotics (other than azithromycin) 774 (70.7) 92 (15.7)

High-dose steroids 477 (43.6) 73 (12.5)

Anticoagulants

Prophylactic dose 324 (29.5) 11 (1.9)

Therapeutic dose 96 (8.8) 2 (0.3)

(Hydroxy)chloroquine 175 (16.0) 16 (2.7)

Oseltamivir 182 (16.6) 133 (5.6)

Ivermectin 102 (9.3) 83 (14.2)

Nitazoxanide 5 (0.5) 8 (1.4)

Management of immunosuppressive schedule

Antiproliferative drug reduction or withdrawal 385 (37.2) 87 (14.8)

CNI reduction or withdrawal 48 (4.4) 5 (0.9)

Complete withdrawal 398 (36.4) 1 (0.2)

No change 280 (25.6) 492 (84.0)

CNI, calcineurin inhibitor.

Footnote:
a The sum of variables is > 100% because the patients could have received more than one clinical management option.

https://doi.org/10.1371/journal.pone.0254822.t002

Table 3. Fatality rates according to intermediate outcomes.

Intermediate outcomes Non-missing cases Frequency n (%) Fatality rate n (%)

Hospitalization 1,680 1,094 (65.1) 346 (31.6)

ICU requirement 1,669 577 (34.6) 336 (58.2)

MV requirement 1,670 417 (24.9) 314 (75.7)

AKI 1,052 244 (23.2) 86 (35.2)

RRT 1,670 319 (23.4) 273 (69.8)

AKI, acute kidney injury; ICU, intensive care unit; MV, mechanical ventilation; RRT, renal replacement therapy.

https://doi.org/10.1371/journal.pone.0254822.t003
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Fig 3. Ninety-day cumulative incidence of death.

https://doi.org/10.1371/journal.pone.0254822.g003

Fig 4. Ninety-day cumulative incidence of deaths according to AKI and RRT requirement. A: Cumulative incidence of deaths according to the presence of AKI

at COVID-19 diagnosis. AKI was considered to be present in patients whose serum creatinine at COVID-19 diagnosis was increased by 50% compared to level at

baseline (mean of three last available serum creatinine measurements). B: Cumulative incidence of deaths according to RRT requirement during hospitalization.

AKI, acute kidney injury; COVID-19, coronavirus disease 2019; RRT, renal replacement therapy.

https://doi.org/10.1371/journal.pone.0254822.g004
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Discussion

In this multicenter study that enrolled KT recipients being followed up in 35 Brazilian trans-

plant centers, which together account more than half of the national transplantation activities,

we presented a general panorama of the impact of COVID-19 in a cohort of 1,680 recipients

diagnosed with the disease, which is the largest reported cohort to date. The spread of SARS-

CoV-2 infection followed an evident migratory character, affecting different geographic

regions with varied intensities, as summarized in Fig 1. Brazil is a continental country with

geographic regions showing very different demographic densities, in addition to deep eco-

nomic and social inequalities. Moreover, the distribution of the number of cases throughout

the observation months in 2020 in this study was similar to the pattern observed in a large Bra-

zilian study that included the first 250,000 Brazilians diagnosed with COVID-19 who required

in-hospital clinical management [6].

In this study, the main source of transmission was the community; however, 8% of the

patients had a probable nosocomial transmission. In the first cohort followed in Wuhan,

China, there was a clear concern about establishing the primary source of contact, with special

efforts to describe the natural history of transmission [4, 5, 16]. Therefore, at the beginning of

the pandemic, approximately 2% of the infected patients had a reported contact with wildlife

[4] and it was possible to determine the community as the source of infection in 40% of in-hos-

pital patients [5]. As expected, in the largest population studies that were subsequently pub-

lished, the source of contamination has been mostly the community, except among health-

care workers in whom the source was unavoidable occupational exposure [17]. However,

Table 4. Multivariable analysis for the probability of hospitalization.

Variables OR 95% CI P-value

Age (for each year) 1.033 1.023–1.044 <0.001

Hypertension (yes vs. no) 1.418 1.076–1.869 0.013

Cardiovascular disease (yes vs. no) 1.648 1.077–2.523 0.021

Recent high dose of steroids (yes vs. no) 1.866 1.229–2.832 0.003

Time of symptoms (for each day) 0.983 0.971–0.996 0.008

Fever (yes vs. no) 1.649 1.290–2.108 <0.001

Dyspnea (yes vs. no) 3.673 2.803–4.812 <0.001

Nasal congestion (yes vs. no) 0.588 0.410–0.845 0.004

Headache (yes vs. no) 0.525 0.402–0.685 <0.001

Arthralgia (yes vs. no) 0.250 0.117–0.533 <0.001

Diarrhea (yes vs. no) 1.783 1.367–2.325 <0.001

Anosmia (yes vs. no) 0.519 0.387–0.696 <0.001

Nausea and vomiting (yes vs. no) 2.284 1.427–3.655 0.001

AKI, acute kidney injury; eGFR, estimated glomerular filtration rate.

Footnote: Variables included in the modeling: age, type of donor (living vs. deceased); hypertension, diabetes,

previous cardiovascular disease, and neoplasia as comorbidities; recent use of high dose of steroids and recent use of

Thymoglobulin; time of the start of COVID-19 symptoms; fever, chills, cough, dyspnea, runny nose, headache, nasal

congestion, sore throat, myalgia, arthralgia, diarrhea, nausea and vomiting, anosmia, and ageusia as COVID-19

symptoms.

Values with missing values < 10%: recent use of high dose of steroids and recent use of Thymoglobulin. For both the

mode value was imputed, i.e., no use.

Variables excluded from the modeling:

a) number of missing were higher than 10%: eGFR (10.9%) and AKI (37.4%)

b) collinearity: hypoxemia (colinear with dyspnea).

https://doi.org/10.1371/journal.pone.0254822.t004
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among KT recipients, the nosocomial source is relevant because this group of patients more

frequently need hospitalization than the general population, owing to complications that are

inherent to the transplant itself, such as acute rejection, infections, and neoplasia. Another

aspect is the unavoidable exposure to the nosocomial environment at the time of transplanta-

tion. Since the beginning of the pandemic, many programs have temporarily reduced the

transplantation activity, mainly those performed using living donors [18, 19]; however,

because of its nature, KT activities were not completely interrupted. Although it has not been

completely measured, the risk of infection by SARS-CoV-2 in the first days after transplanta-

tion should not be overlooked, especially because infected patients in the preclinical phase,

even with a negative PCR test and normal pulmonary imaging findings, can inadvertently

undergo transplantation [20]. Despite this potential risk, we observed that the recipients

enrolled in this cohort had a long interval between transplantation and the COVID-19 diagno-

sis (only 2.4% had a< 1 month interval), which is similar to that reported in other similar

studies [12, 21]. Finally, most cases of nosocomial infection occurred at the beginning of the

pandemic, which can suggest a probable learning curve among hospital teams that managed

those patients.

Unlike other diseases caused by respiratory viruses, one particular characteristic of

COVID-19 is the great variety of clinical presentations, despite the clear predominance of

respiratory symptoms such as cough and dyspnea, followed by fever and other systemic symp-

toms [4, 5, 8]. This scenario has not been different among transplant patients, 40% to 70% of

whom had cough, dyspnea, and fever [9–12, 21]. Meanwhile, gastrointestinal symptoms

(mainly diarrhea) were observed in about 30% of KT recipients, which is different from the

observed frequency of these symptoms in non-transplant patients (< 5%) [11, 12]; however,

Table 5. Multivariable analysis for the probability of death.

Variables OR 95% CI P-value

Age (for each year) 1.054 1.040–1.067 <0.001

Time after transplantation (for each year) 1.025 1.002–1.047 0.030

Hypertension (yes vs. no) 1.566 1.070–2.293 0.021

Cardiovascular disease (yes vs. no) 1.517 1.047–2.198 0.028

CNI-MPA (vs. others) 1.197 1.022–1.401 0.026

Recent high dose of steroids (yes vs. no) 1.534 1.063–2.214 0.022

Time of symptoms (for each day) 0.954 0.928–0.981 0.001

Dyspnea (yes vs. no) 3.437 2.584–4.571 <0.001

Headache (yes vs. no) 0.552 0.371–0.821 0.003

Anosmia (yes vs. no) 0.563 0.387–0.821 0.003

AKI, acute kidney injury; CNI, calcineurin inhibitor; eGFR, estimated glomerular filtration rate; MPA,

mycophenolate acid.

Footnotes: Variables included in the modeling: age, type of donor (living vs. deceased), time after transplantation;

hypertension, diabetes, previous cardiovascular disease, lung disease, and neoplasia as comorbidities; CNI-MPA as

the maintenance immunosuppression, recent use of high dose of steroids; time of the start of COVID-19 symptoms;

expectoration, dyspnea, runny nose, headache, nasal congestion, asthenia, myalgia, nausea and vomiting, anosmia,

and ageusia as COVID-19 symptoms.

Values with missing values < 10%: time after transplantation and recent use of high dose of steroids. For the time

after transplantation the median value was imputed, and for the use of steroid the mode value, i.e., no use.

Variables excluded from the modeling:

a) number of missing were higher than 10%: eGFR (10.9%) and AKI (37.4%)

b) collinearity: hypoxemia (colinear with dyspnea).

https://doi.org/10.1371/journal.pone.0254822.t005
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the reason for this finding is unclear. Some studies have described the presence of replicant

virus in the feces of infected patients; however, the direct effects of SARS-CoV-2 in the gastro-

intestinal tract are not well known [22, 23]. It is possible that transplant recipients are more

susceptible to gastrointestinal manifestations due to co-infections by intestinal parasites or

cytomegalovirus [24, 25]. Another possible explanation for this common finding is the use of

immunosuppressive drugs related to gastrointestinal adverse events, such as mycophenolate,

in KT recipients [26]. Interestingly, in our population diarrhea was an independent predictor

of hospitalization, even though it was not associated with the risk of death.

Considering that COVID-19 is a predominantly respiratory disease with a high potential

for progressing to severe acute respiratory syndrome, two clinical presentations are considered

fundamental to defining the severity and to deciding the initial clinical management: dyspnea

and hypoxemia. As expected, dyspnea was a predictor of hospitalization and death in our pop-

ulation. Severe acute respiratory syndrome has been the main cause of hospitalization [27];

however, even among transplanted patients who have a potential risk for progressing to a

more severe presentation, some presented with a discrete disease characterized by coryza, rhi-

norrhea, cough, or minor systemic symptoms such as myalgia, ageusia, and anosmia. The ini-

tial stratification of severity has been considered one of the most relevant and challenging

aspects in the clinical management of COVID-19, with a possible allocation of patients to

home care [28, 29], which was reported in a third of the patients in the present cohort.

As there is no effective and specific treatment for COVID-19, the clinical management con-

siderably varied in the first months of the pandemic, mainly depending on the patient alloca-

tion (home care or in-hospital care), as detailed in Table 2, and in the period of the pandemic.

Despite the lack of evidence, antibiotics were universally used in in-hospital patients and drugs

with an attributable but questionable antiviral effect, such as ivermectin, were more frequently

used in patients who were treated at home. Hydroxychloroquine was indicated for some in-

hospital patients, a practice that has been controversial since the beginning of the pandemic

and was reported in 70% of the transplanted patients evaluated from March to May 2020 in an

international multicenter study [12]. The use of hydroxychloroquine was initially adopted as a

“compassionate” strategy; however, considering the emergence of evidence demonstrating its

lack of efficacy [30] and a potential lack of safety [31], this practice has been abandoned by the

majority of the centers in the last months. In fact, the basis of clinical management was adjust-

ment in immunosuppressive medications and the use of high-dose steroids, especially after the

RECOVERY study [32], despite the lack of evidence for this specific population. In respect to

immunosuppression, we presented only the immunosuppressive regimen that patients were

using at the COVID-19 diagnosis, and the initial regime was not available. Of note, the time

interval between transplantation and COVID-19 infection was 5.9 years, however we consider

that the lack of this information should be highlight as a limitation.

The reduction or interruption of immunosuppressives in KT recipients in the context of

infection must be considered; however, the benefit of infection control should be balanced

with the risk of acute rejection. In the present study, there was a need for adjustment in the

immunosuppressive schedule in about 70% of the in-hospital patients, similar to that reported

in other studies [11, 12, 21]. We did not explore the specific reasons for the choice in each

patient; however, generally, the option was to reduce the dose of antimetabolic agents or their

withdrawal. The preferential management with respect to antimetabolic drugs followed the

recommendations based on the opinion of specialists [33, 34] and those reported in other

observational studies [12, 35]. Since the first reports, lymphopenia has been described as a

potential predictor of worse prognosis [4, 8]; thus, despite the lack of clear evidence, this strat-

egy can be explained by the impact of COVID-19 on the counts of white blood cells, mainly

lymphocytes, which can be amplified or sustained by this class of drugs [11].
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The fatality rate among our patients was 21%, whereas that in the general Brazilian popula-

tion was 2.5%, as reported by the Health Ministry [1]. This line of comparison is merely specu-

lative, considering that the sources of information and methods are completely distinct.

However, by analyzing the fatality rate grouped by intermediate outcomes, it is possible to

design better-quality scenarios for comparison. For instance, the rates of deaths among KT

recipients who required hospitalization have varied from 26% to 32% in previous studies [12,

21], comparable to the rate of 31.6% observed in the present study. We observed a 58.2% fatal-

ity rate among patients who were admitted to the ICU and 75.7% among those who required

MV. Surprisingly, these rates were not higher than those observed among the first 250,0000

Brazilians diagnosed with COVID-19 who received in-hospital clinical management between

February and August 2020. However, it is important to highlight that the general population

was older: 60 vs. 51 years old on average [6]. Similar to what was observed in our cohort, the

global fatality rate was 38% in a previous population study, being 59% among patients admit-

ted to the ICU and 80% in those who required MV [6]. Nevertheless, it is important to note

that large regional disparities were observed, with rates of deaths among Brazilians aged< 60

years of 31% and 15% in the northeast and south regions, respectively [6]. In addition, some

transplant recipients in Brazil have easier access to secondary and tertiary health-care centers,

which can be related to earlier evaluation and better clinical management.

It is natural to speculate about the preponderant importance of prolonged and unavailable

use of immunosuppressive drugs as a determinant factor of prognosis. However, it is possible

that the presence of comorbidities had a stronger prognostic impact than immunosuppression

would have per se. As expected, there was a high prevalence of hypertension, diabetes, and pre-

vious cardiovascular disease in the patients enrolled in the present study, which would explain

the high risk for worse outcomes. Furthermore, using propensity scores, a French study did

not find a higher risk of mortality when KT recipients were matched for age, sex, body mass

index, diabetes, cardiovascular disease, hypertension, chronic pulmonary disease, and baseline

kidney function with non-transplanted patients, suggesting that the effect of immunosuppres-

sion is less important than comorbidities [21].

Finally, to date, one factor that has been described as a predictor of death in patients diag-

nosed with COVID-19 is AKI, mainly when RRT is required [36]. In the first reports on citi-

zens in the New York area, AKI was present in 22.2% of patients who needed hospitalization;

however, the incidence in patients who did not survive was 72.1% [8]. The risk of AKI is signif-

icantly associated with age, diabetes, and previous cardiovascular disease, besides MV or vaso-

pressor requirement [36]. In our study, the 90-day cumulative incidence of death was

significantly higher in patients who had AKI at the COVID-19 diagnosis and in those who

required RRT during hospitalization. AKI in KT recipients can be considered a two-way clini-

cal situation: it is a marker of severity in the course of the infection, especially in patients with

excess comorbidities, but it adds risks including impairment in ventilation management due

to volume overload, risk of secondary infection (such as those associated with use of intravas-

cular dispositive), and risk of bleeding. It is important to emphasize that information about

kidney biopsy after the COVID-19 diagnosis was not available in the present study, thus this

lack of information is a limitation to understand the results about acute kidney injury.

Despite being the largest cohort study that enrolled KT recipients with COVID-19 to date,

this study had several limitations that should be considered, with its retrospective design being

one of the most relevant. As inherent to any retrospective study, there was missing informa-

tion, although its number was low considering the total number of patients included; some

definition could not be standardized, such as the classification of the source of infection; and it

is possible that some patients with mild symptoms were not diagnosed, which can cause a

potential selection bias. Finally, considering the observational nature of the study, the clinical
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management could not be standardized, mainly those related to advanced supportive care,

such as the indication for ICU admission and MV. Besides, Brazil is a continental country,

which suffers with deep social inequality, but unfortunately information on socioeconomic

status were not available. On the other hand, it is important to emphasize that this study pro-

vides real-life evidence, with some degree of strength owing to the large number of included

patients from multiple centers accounting for the majority of transplantation activities in Bra-

zil. In addition, Brazil has the largest public transplantation system worldwide, with the second

largest number of transplanted patients being followed up during the time when it was one of

the epicenters of the COVID-19 pandemic.

In conclusion, KT recipients diagnosed with COVID-19 had a long interval between the

time of transplantation and the time of the diagnosis, and most of them had multiple comor-

bidities. As expected, respiratory symptoms were frequent; however, the presence of diarrhea

was more common in KT recipients than in the general population. An important point for

in-hospital patients was the management of immunosuppressive medications, although there

is no robust evidence suggesting the best approach. One in every five patients died, and the

rate of death was significantly higher in those who had AKI, mainly when RRT was required.
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de São Paulo, São Paulo, SP, Brazil), Larissa Guedes da Fonte Andrade, MD, MSc (Universi-

dade Federal de Pernambuco, Recife, PE, Brazil), Filipe Carrilho de Aguiar, MD, MSc (Univer-

sidade Federal de Pernambuco, Recife, PE, Brazil), Fabiana Loss de Carvalho, MD (Hospital

do Rocio, Curitiba, PR, Brazil), Karoline Sesiuk Martins, MD (Hospital do Rocio, Curitiba,

PR, Brazil), Hélady Sanders Pinheiro, MD, PhD (Hospital Universitário da UFJF, Juiz de Fora,
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Curitiba, PR, Brazil), Leonardo Viliano Kroth MD, PhD (Hospital São Lucas, Porto Alegre,

RS, Brazil), Lauro Monteiro Vasconcellos Filho, MD, PhD (Hospital Meridional, Cariacica,

ES, Brazil), Rafael Fabio Maciel, MD, MSc (Hospital Nossa Senhora das Neves, João Pessoa,

PB, Brazil), Amanda Maı́ra Damasceno Silva, MD (Hospital Antônio Targino, Campina
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