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Abstract
Background Although most evidence supports the fact that kidney transplant (KT) recipients are at significant risk of mor-
bidity and mortality, risk factors of accruing COVID-19 in this population have remained poorly defined.
Methods All KT recipients who had been transplanted in Sina Hospital and were actively followed between March 1996 
and January 2021 were enrolled in a retrospective manner. The demographic characteristics, immunosuppressive treatment 
before KT, and death were gathered by calling patients with a designed questionnaire.
Results 108 (about 21%) of 523 KT recipients were diagnosed with COVID-19. The mean age of COVID-19 patients was 
46.9 ± 13.6, of whom 43% were women. In the multivariate model, body mass index (BMI) ≥ 30 independently increased 
the risk of COVID-19 incidence with OR 2.00 (95% CI 1.23, 3.26) (P = 0.00), and besides, having diabetes had a marginal 
association with COVID-19 incidence (OR 1.62 [95% CI 0.98, 2.66]; P = 0.057). The mortality rate of COVID-19 was 15%. 
In the multivariate model, only pre-transplantation diabetes significantly increased the risk of death by COVID-19 with OR 
of 3.90 (95% CI 1.00–15.16) (P = 0.04).
Conclusion Given the higher incidence rate in KT recipients with obesity and diabetes and higher mortality rate in KT 
recipients with diabetes as the cause of ESRD, more attention should be paid to KT recipients with these risk factors.
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1 Introduction

Currently, the entire world is tackling the novel corona-
virus (SARS-CoV-2) that has caused coronavirus disease 
2019 (COVID-19) [1, 2]. Scientists found that the virus 
can easily be transmitted through the respiratory drop-
lets of infected patients [3]. While most patients infected 
with the coronavirus exhibit mild symptoms, about 20% 
of infected patients display severe lung injury, which is 
attributed to great dysregulated inflammatory responses 
[2, 4]. Although a bulk of evidence claims that the whole 
mortality rate of this virus ranges from 3.7 to 11%, several 
groups are at higher risk of death from the virus, particu-
larly those with chronic underlying disease [5, 6].

Kidney transplant (KT) recipients are at higher risk of 
viral and bacterial infections than the general population, 
which primarily results from poor T-cell immunity of KT 
recipients [7, 8]. Moreover, it has been shown that the 
virus may appear in KT recipients atypically [7, 9]. To 
date, several studies have evaluated the impact of SARS-
CoV-2 on KT recipients [10]. Pereira et al. shared their 
experience regarding 90 patients with solid organ trans-
plantation in the US, among whom 46 patients had kidney 
transplantation. The most common manifestations were 
as follows: fever, cough, and dyspnea. The majority of the 
patients had underlying diseases that were accompanied 
by poor outcomes in COVID-19 patients. After a 3-week 
follow-up, the overall mortality reached about 18% [11]. 
An international survey reported 52% and 32% acute kid-
ney injury and mortality during a median follow-up of 
52 days [12].

It is generally acknowledged that there is not much 
reliable information concerning the incidence of COVID-
19 in KT recipients. Therefore, this study attempted to 
evaluate the incidence of SARS-CoV-2 infection and the 
possible risk factors of COVID-19, acute kidney injury, 
and related death in all KT recipients of a single kidney 
transplant center in Tehran.

2  Methods

2.1  Study Population

In this study, all KT recipients who had been transplanted 
in Sina Hospital (Tehran, Iran) between March 1996 and 
January 2021 and came to the hospital transplant clinic for 
periodic follow-ups were included. Patients who (1) returned 
to dialysis due to graft loss, (2) did not seek the follow-up, 
and (3) died from other causes were excluded from the study. 
Informed consent was obtained from all participants.

2.2  Study Design

This retrospective study was performed 1 year after the 
onset of the COVID-19 epidemic and at the end of its 
third peak in Iran (February 2021). All patients were con-
tacted by telephone and their information was recorded 
in a designed questionnaire. Also, the information of a 
group of KT recipients, who were present in person at 
the time of the study or hospitalized in the center due to 
COVID-19 disease, was recorded. COVID-19 diagnosis 
was based on positive polymerase chain reaction (PCR) 
from nasopharyngeal, oropharyngeal swab, or abnormal 
chest computed tomography (CT) scan findings compatible 
with COVID-19 in the presence of clinical manifestations.

The designed questionnaire included questions concern-
ing demographic characteristics including age, sex, body 
mass index (BMI), smoking status, opium use, existing 
comorbidities (diabetes, hypertension, chronic lung dis-
ease, coronary artery disease, and heart failure), Influenza 
vaccination before COVID-19 epidemic, the primary cause 
of the end-stage renal disease (ESRD) (diabetes, hyperten-
sion, kidney stone, polycystic kidney disease, other, and 
unknown), source of kidney graft (living or deceased), pre-
transplant dialysis time (month), first or second time KT, 
clinical manifestations (myalgia, cough, fever, headache, 
shortness of breath, sore throat, phlegm, loss of smell, loss 
of taste, vomiting, diarrhea, and runny nose), the status of 
PCR test, chest CT scan involvement, immunosuppressive 
regimen, serum creatinine increment, admission in hospi-
tal (ICU and non-ICU setting), need to dialysis, and death.

According to the KDIGO criteria, AKI was defined as 
an increase in serum creatinine to ≥ 1.5 times of baseline 
occurring within the previous seven days or an increase in 
serum creatinine by ≥ 0.3 mg/dl within 48 h.

2.3  Main Outcomes

The primary outcome was the incidence of COVID-19 dis-
ease among KT recipients in the first year of the COVID-
19 epidemic in Iran. The second outcomes were as follows: 
(1) Factors associated with the incidence of COVID-19. 
(2) Incidence of AKI and mortality among KT recipients. 
(3) Factors associated with COVID-19 mortality.

2.4  Statistical Analysis

Demographic characteristics of the study population were 
described as mean ± standard deviation (SD) for continu-
ous variables and as frequencies (percentage). The demo-
graphic characteristics were compared using t test for 
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continuous normally distributed variables, Chi-squared 
test for categorical variables, and Mann–Whitney U sta-
tistic for skewed variables. A P value smaller than 0.05 
was significant.

To identify the factors that increase the risk of incidence 
and mortality of COVID-19, a simple logistic regression 
analysis was performed. The factors had significant asso-
ciations with the incidence of COVID-19 (P value was set 
as 0.05) in the univariate model and then were included in 
the multivariate model. All two-tailed tests were conducted 
using STATA v. 14 SE (StataCorp, TX, USA).

3  Results

3.1  Patients’ Characteristics Based on COVID‑19 
Status

The data of 523 patients who had undergone KT and were 
eligible for the study were analyzed. The demographic 
characteristics and comorbidities of the patients based on 
COVID-19 status are presented in Table 1. A total of 108 
patients (20.8%) were diagnosed with COVID-19; 43% 

were women compared with 32% without COVID-19. A 
significant difference was detected between the two groups 
regarding sex. The mean age of COVID-19 patients was 
46.9 ± 13.6 years compared to 43.7 ± 13.4 years in COVID-
19-negative patients. Among the assessed comorbidities, 
only diabetes was significantly different between the 
COVID-19 positive and negative patients (P value = 0.00). 
Prevalence of smoking was 7.4% in COVID-19 patients, 
although none had a history of opium use. Nearly half of 
the COVID-19 positive and negative patients had been 
vaccinated for Influenza before the COVID-19 epidemic 
and the difference of which was not significant (P = 0.88). 
The prevalence of diabetes, hypertension, renal stone, and 
polycystic kidney disease as primary causes of ESRD in 
COVID-19 patients was 13%, 37%, 3%, and 9.3%, respec-
tively; none of them showed a significant association with 
COVID-19 disease. Nine percent and 7.7% of COVID-
19 positive and negative patients had a history of second 
kidney transplantation (P = 0.57), respectively. The liv-
ing donors accounted for 31% and 26% of COVID-19 
positive and negative patients, respectively; there was no 
significant difference between the two groups regarding 

Table 1  Demographic 
characteristics based on 
COVID-19 status

Demographic characteristics COVID-19 positive 
patients

COVID-19 negative 
patients

P value

Women, no. (%) 46 (43) 230 (31) 0.02
Age (year) 46.9 ± 13.6 43.7 ± 13.4 0.55
BMI (kg/m2), no. (%) 0.00
 BMI I ≥ 30 36 (33%) 77 (18%)
 BMI < 30 72 (67%) 338 (82%)

Diabetes, no. (%) 35 (32) 82 (20) 0.00
Hypertension, no. (%) 59 (55) 230 (55) 0.88
Chronic lung disease, no. (%) 1 (1) 2 (0.5) 0.58
Coronary artery disease, no. (%) 3 (3) 6 (1) 0.34
Heart failure, no. (%) 0 (0) 2 (0.5) 0.47
Cigarette, no. (%) 8 (7) 22 (5) 0.40
Opium, no. (%) 0 (0) 13 (3) 0.08
Influenza vaccine, no. (%) 50 (47) 191 (46) 0.96
Cause of ESRD, no. (%)
 Diabetes 14 (13) 46 (11) 0.58
 Hypertension 40 (37) 183 (44) 0.18
 Kidney stone 3 (3) 18 (4) 0.46
 Polycystic kidney disease 10 (9) 25 (6) 0.22
 Other 15 (14) 79 (19) 0.21
 Unknown 33(31) 92 (22.2) 0.07

Second kidney transplant, no. (%) 10 (9) 32 (7.7) 0.57
Pre-transplant dialysis time, month, no 0.18
 Greater than median 48 212
 Lower than median 60 203

Living donor, no. (%) 31 (31) 109 (26) 0.39
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donor sources (P value = 0.39). The duration of pre-trans-
plant dialysis was associated negatively with COVID-19 
(P = 0.04).

3.2  Presentations of COVID‑19 Patients

According to the results, the most prevalent symptom was 
myalgia (78.5%) followed by cough (77.4%), fever (76.6%), 
headache (67.3%), shortness of breath (64.8%), sore throat 
(50.5%), phlegm (36.3%), loss of smell (25.2%), loss of taste 
(23.4%) vomiting (21.5%), diarrhea (18.7%), and runny nose 
(13.2%) (Fig. 1). A pulmonary CT scan was performed for 
all the patients, and lung involvement was found in 80% 
of COVID-19 patients. The PCR test was positive in about 
80% of COVID-19 patients as well. Forty (37%) out of 108 
COVID-19 patients were recommended to stay at home, 
after which the questionnaire was completed via phone con-
tact. Ten (9%) patients were transferred to the intensive-care 
unit (ICU) due to the need for intubation, and 58 patients 
(54%) were admitted to non-ICU settings. Shortness of 
breath, cough, and fever were the most common symptoms 
observed in 90% of ICU-admitted patients. Moreover, it was 
found out that approximately 22% of COVID-19 patients 
caught the virus from their own families, because at least one 
of their family members had recently developed COVID-19.

3.3  COVID‑19‑Related AKI

AKI was detected in 28 (26%) patients, four of whom 
expired. There was no significant association between AKI 
and death (P = 0.56). During the study, dialysis was per-
formed for three COVID 19 patients with AKI. Of these 
patients, one died, and one patient rejected the transplanted 

kidney and was back on hemodialysis. No significant asso-
ciation was found between performing dialysis and death 
(P = 0.36).

3.4  Risk Factors of Incidence of COVID‑19

In the crude model, sex, diabetes, BMI, and pre-transplant 
dialysis duration had a significant association with COVID-
19. BMI ≥ 30 and pre-transplant dialysis duration (per1 
month increment) independently increased and decreased the 
risk of COVID-19 with OR of 2.00 (1.23, 3.26) (P = 0.005) 
and 0.98 (0.97, 0.99) (P = 0.044), respectively. Additionally, 
having diabetes marginally increased the risk of COVID-
19 incidence with an OR of 1.62 (0.98, 2.66) (P = 0.057) 
(Table 2).

3.5  COVID‑19‑Related Death

Concerning mortality, 16 (15%) of COVID-19-positive 
patients died because of COVID-19, half of whom had been 
admitted to ICU and half to non-ICU settings. The mortality 
rate was significantly higher for ICU patients than non-ICU 
with an OR of 25 [95% CI 4.42–141.39]. In the crude model, 
old patients, smokers, and patients with pre-transplantation 
diabetes and hypertension were more likely to die from 
COVID-19 (Table 3). In the multivariate model, only pre-
transplantation diabetes increased the risk of COVID-19 
death with an OR of 3.90 [95% CI 1.00–15.16] (P = 0.04) 
(Table 4).

3.6  Association Between Immunosuppressive 
Drugs and COVID‑19 Incidence and Death

COVID-19-positive patients were on prednisone (97%), 
Mycophenolate Mofetil (61%), Cyclosporine (48%), Tac-
rolimus (45%), Mycophenolate Sodium (26%), Sirolimus 
(7%), and Azathioprine (6%). None of these drugs showed 
a significant association with COVID-19 status and death 
(all P values > 0.05). At least one of Mycophenolate Mofetil, 
Mycophenolate Sodium, and Azathioprine, known as anti-
metabolites drugs was used by 101 (93%) and 393 (95%) 

Fig. 1  Clinical features of kidney transplant recipients with COVID-
19

Table 2  Multivariate odds ratio (OR) and 95% confidence interval 
(CI) of incidence of COVID-19 disease among kidney transplant 
recipients

Factors associated with inci-
dence of COVID-19 disease

OR (95% CI) P value

Diabetes, yes 1.62 (0.98, 2.66) 0.05
Sex (female as reference) 1.46 (0.93, 2.30) 0.09
BMI, kg/m2 (BMI ≥ 30) 2.00 (1.23, 3.26) 0.00
Pre-transplant dialysis time per 

1-month increment
0.98 (0.97, 0.99) 0.04
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COVID-19 positive and negative patients, respectively. No 
significant difference was observed between the two groups 
regarding antimetabolites drugs usage (P = 0.63).

4  Discussion

To the best of our knowledge, the current study is the sec-
ond study to date assessing the incidence and risk factors of 
COVID-19 and its related death in all KT recipients, as one 
of the most susceptible groups to death from COVID-19, 

followed by a single center. The study demonstrated that 
the incidence of COVID-19 among Iranian KT recipients 
is approximately 21%, among whom 15% expired owing 
to COVID-19. Furthermore, diabetes, obesity, and shorter 
dialysis duration prior to transplantation acted as independ-
ent risk factors for the incidence of COVID-19.

In theory, all solid organ transplant recipients, particu-
larly KT recipients, are more predisposed to infections like 
SARS-CoV-2 than the general population, which mainly 
originated from prolonged use of immunosuppression drugs 
[12]. In practice, the incidence of COVID-19 in KT recipi-
ents has by far been investigated in few studies. In Elias 
et al., 66 (5%) out of 1216 KT recipients were diagnosed 
with COVID-19 during an 8-week follow-up in two trans-
plant centers in Paris, in comparison with France's general 
population (0.3%), was remarkably higher [13]. Another 
study claimed that while 16.6% of KT recipients were 
positive for SARS-CoV-2 IgG antibody, nearly one-third of 
whom had positive PCR test for SARS-CoV-2, and the rest 
had no clinical symptoms evaluated for COVID-19. They 
also pointed out that the prevalence of COVID-19 in their 
center based on antibody and PCR test was 23.4% during 

Table 3  Baseline demographics 
based on COVID-19 mortality 
status

Demographic characteristics and comorbidities Non-survivor patients Survivor patients P value

Men, no. (%) 9 (56) 53 (58) 0.91
Age (year) 56.13 ± 11.28 45.46 ± 13.44 0.00
BMI (kg/m2) 0.54
 BMI I ≥ 30 4 30
 BMI < 30 12 62

Diabetes, no. (%) 8 (50) 27 (29) 0.10
Hypertension, no. (%) 14 (87) 45 (92) 0.00
Chronic lung disease, no. (%) 0 (0) 1 (1) 1.00
Coronary artery disease, no. (%) 0 (0) 3 (3) 1.00
Heart failure, no. (%) 0 (0) 0 (0) –
Cancer, no. (%) 0 (0) 1 (1) 1.00
Cigarette, no. (%) 4 (25) 4 (4) 0.00
Opium, no. (%) 0 (0) 0 (0) –
Influenza vaccine, no. (%) 4 (25) 46 (50) 0.06
Cause of ESRD, no. (%)
 Diabetes 6 (37) 8 (11) 0.00
 Hypertension 10 (62) 30 (32) 0.02
 Kidney stone 0 (0) 3 (3) 1.00
 Polycystic kidney disease 0 (0) 10 (11) 0.35
 Other 0 (0) 15 (16) 0.12
 Unknown 3(19) 30 (33) 0.38

Second kidney transplant, no. (%) 1 (6) 9 (10) 1.00
Living donor, no. (%) 3 (19) 30 (33) 0.38
Time from transplant to COVID-19 symptoms 

onset, no. (%)
0.12

 > 1 year 13 (81) 86 (93)
 < 1 year 3 (19) 6 (7)

Table 4  Multivariate odds ratio (OR) and 95% confidence interval 
(CI) of death of COVID-19 disease among kidney transplant recipi-
ents

Factors associated with death of 
COVID-19 disease

OR (95% CI) P value

Age, years 1.04 (0.99, 1.09) 0.07
Smoking, yes 4.48 (0.65, 30.83) 0.12
Pre-transplantation diabetes, yes 3.90 (1.00, 15.16) 0.04
Pre-transplantation hypertension, yes 3.22 (0.86, 12.02) 0.08
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the median follow-up of 44 days [14]. The incidence of 
COVID-19 in our study (21%) was close to the study of 
Azzi et al. and remarkably higher than the study by Elias 
et al. Notably, due to different times of peak of COVID-19 
in different regions, the incidence of the disease is not com-
parable between different regions. As of January 31, 2021, 
1,417,999 confirmed cases of COVID-19 were reported in 
Iran. Thus, the incidence rate of COVID-19 in Iran is about 
2% (according to the total population of around 80 million 
in 2016 [15]). Therefore, as expected, KT recipients are at a 
higher risk of catching COVID-19 than the general popula-
tion in Iran. It is of crucial importance to note that the preva-
lence of COVID-19 in the present study was underestimated, 
because there could be some KT recipients infected with 
COVID-19 without any clinical symptoms, since COVID-19 
diagnosis was based on clinical symptoms with either posi-
tive PCR or positive CT scan.

Up to now, only Elias et al. have assessed the factors 
associated with the incidence of COVID-19 in KT recip-
ients. They pointed out that non-white ethnicity, obesity, 
asthma, and chronic pulmonary disease, and diabetes are 
capable of significantly increasing the risk of incidence of 
COVID-19 with ORs of 2.17 [95% CI 1.23–3.78], 2.19 [95% 
CI 1.19–4.05], 3.09 [95% CI 1.49–6.41], and 3.33 [95% CI 
1.92–5.77] [13]. In the study by Elhadedy et al., hyper-
tension and diabetes were the most prevalent comorbidi-
ties among KT recipients with COVID-19 [16]. Likely, in 
the study by Maheboob et al., diabetes, hypertension, and 
chronic pulmonary disease were the most observed comor-
bidities [17]. The present study found that diabetes, obesity 
(as shown by BMI > 30), and shorter pre-transplant dialy-
sis period independently increased the risk of COVID-19 
among KT recipients. Hence, concerning being infected with 
COVID-19, KT recipients with diabetes and obesity should 
observe more precautions than others. No justification could 
be offered for the association between shorter dialysis dura-
tion and higher COVID-19 incidence, which is suggested to 
be further evaluated in future studies.

KT recipients are more likely to be at higher risk of devel-
oping complications of COVID-19 than the general popula-
tion, not only due to their chronic use of immunosuppressive 
drugs but also because of having serious comorbidities, such 
as diabetes and hypertension, and cardiovascular disease [11, 
18, 19]. In the current study, the mortality rates among the 
whole, non-ICU hospitalized, and ICU patients were 15%, 
14%, and 80%, respectively. Cravedi et al. reported an over-
all mortality rate of 32%, and 51% of ICU-admitted patients 
died [12]. Pereira et al. reported that during 3-week follow-
up, 18%, 24%, and 52% of the whole hospitalized and ICU-
admitted patients passed away, respectively [11]. In a study 
by Nikpouraghdam, Iran's overall and hospitalized mortality 
rates reached 1.85% and 8.06% [20], which are remarkably 
lower than KT recipients. Furthermore, a meta-analysis 

demonstrated that ICU patients are at 2.72-fold higher risk 
of death from COVID-19 compared to non-ICU patients 
[21]; however, this ratio for our patients reached 6. They 
also declared that 18.8% of COVID-19 hospitalized patients 
expired [21]; nevertheless, this value was 23% in the current 
study. Therefore, KT recipients as highly vulnerable patients 
should receive more attention.

Several studies have been conducted on predictors of 
mortality among KT recipients [22]. In the multivariate 
model, diabetes as the primary cause of ESRD in this study 
had a significant association with higher mortality risk. Azzi 
et al. indicated that diabetes as the primary cause of ESRD 
demonstrated a significant association with mortality in the 
univariate model but not in the multivariate model [14]. It 
has been shown that among the KT candidates, diabetes as 
a primary diagnosis enhanced the mortality rate with the 
incidence rate of 2.07 [95% CI 1.43, 3.00] [23]. An obser-
vational study revealed that age > 60 years, cardiovascular 
disease, and dyspnea independently increased mortality 
risk among KT recipients [24]. A very recent meta-analysis 
showed that obesity significantly enhances hospital mortal-
ity [25]. Likely, a multi-center cohort study found obesity 
as an independent risk factor for mortality in solid organ 
transplant recipients with OR of 1.9 (95% CI 1.4, 7) [26]. 
On the other hand, a French cohort did not find any sig-
nificant association between mortality and BMI > 25 in KT 
recipients [24].

AKI is one of the most common complications appearing 
after COVID-19 in KT recipients and is observed in 30–89% 
of hospitalized KT recipients. This value was 26% in our 
study. The probable mechanisms of AKI are a decrease in 
renal perfusion, cytokine storm syndrome, rhabdomyolysis, 
hypoxia, and dehydration [22, 27]. The virus can also prompt 
tubular damage through the infiltration of macrophages, 
mostly CD68+, and tubular deposition of C5b-9 [25]. Sev-
eral risk factors have been proposed for AKI in KT recipi-
ents. A recent meta-analysis declared that age but not sex, 
time after transplantation, and comorbidities, acts as a risk 
factor for AKI, and studies with a mean age of > 60 years had 
the highest incidence of AKI, while studies with a mean age 
of < 50 years had the lowest incidence of AKI [28]. Further-
more, we did not detect higher risk of mortality in patients 
who experienced AKI. A multi-center cohort study from 
India found AKI in 121(48.4%) KT recipients, of whom 93 
survived and achieved a significant association between AKI 
and mortality [29]. It is not often permanent; however, some 
studies reported graft loss following AKI ranging from 4 to 
11% [24, 30]. In the current study, among AKI patients, one 
patient (nearly 4%) experienced graft loss.

About one-fifth of our patients with COVID 19 had 
caught the disease from a family member. Nair et al. showed 
that three (30%) of ten KT recipients with COVID-19 were 
infected with SARS-CoV-2 from their family members [7]. 
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Since family members can be a major source of COVID-19 
for patients, it has been suggested that KT recipients keep 
their distance from their own families, as well. Since family 
members can be a major source of COVID-19 for patients, 
it has been suggested that KT recipients keep their distance 
from their own families.

This is the second study assessing COVID-19 incidence 
and related risk factors among KT recipients [31]. Another 
strength of the study is its large population. It also evaluates 
all KT recipients of a medical center during a whole year, 
whereas Elias et al. assessed patients for about 2 months. 
However, there are some limitations to be acknowledged 
as well.

1. The nature of the study is retrospective; hence, long-
term prospective studies are necessary to confirm the 
findings.

2. The incidence rate of COVID-19 between KT recipi-
ents is affected by factors like isolation and precau-
tions; therefore, it is difficult to prove a direct correla-
tion between patients' comorbidities and the incidence 
of COVID-19.

3. Since phone interviews and questionnaires gathered the 
data, there was no access to information such as some 
laboratory results and applied treatment strategies for 
patients admitted to other hospitals.

4. The lack of PCR tests in a part of the study population 
was another limitation.

5. Because the study was conducted in a single center in 
Tehran, there is a need for multi-center studies with dif-
ferent ethnicities.

5  Conclusions

We demonstrated that the incidence of COVID-19 among 
KT recipients is much higher than in the general population. 
Furthermore, we observed that diabetes, obesity, and shorter 
pre-transplant dialysis time independently increased the risk 
of COVID-19. Concerning the death rate among KT recipi-
ents, diabetes as the cause of ESRD independently enhanced 
the risk of death by COVID-19.
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