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Abstract
The novel coronavirus disease 2019 (COVID-19) is a respiratory infection that has received much
attention due to its rapid expansion. Currently, it has been revealed that patients with underlying disease,
especially those with kidney disease are more prone to develop complications. Some studies associate
kidney transplantation as a risk factor for COVID-19 progression; however, epidemiologic data that
demonstrate this are amazingly rare. Considering the importance of the topic, we report on six kidney
transplant recipients (median age 47 [41-55]) with con�rmed or clinically suspected COVID-19. The most
common admission presentations were fever (83.3%), dyspnea, and myalgia. At baseline,
immunosuppressive therapy was ceased, prednisolone dose was increased, and all patients received
antiviral treatment including hydroxychloroquine and umifenovir. After a median follow-up of 11.5 days
from admission, six patients (100%) developed acute kidney injury (AKI), 50% required intensive care unit
(ICU) admission, and two patients (33.3%) deceased as a result of deterioration in respiratory status.
Overall, these �ndings demonstrate that AKI development and respiratory involvement may be risk
indicators of in-hospital mortality in kidney recipients with COVID-19. Therefore, more intensive attention
should be paid to kidney transplant recipients with COVID-19.

Introduction
Since December 2019, severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) has become a
global concern due to its rapid expansion. By October 17, 2020, the virus had caused 39,628,710
con�rmed cases and 1,109,749 deaths worldwide [1]. The coronavirus disease 2019 (COVID-19) has
various manifestations including acute respiratory distress syndrome (ARDS) and acute kidney injury
(AKI). There are several mechanisms leading to kidney injury in patients with COVID-19 including cytokine
storm syndrome, rhabdomyolysis, hypoxia, and dehydration due to fever or decreased intake of �uids. In
addition, direct virus invasion to the renal tubular cells may contribute to kidney injury [2].

Given to the extent of the COVID-19 pandemic, it has been revealed that Post-transplant
immunosuppression makes kidney transplant recipients susceptible to viral pathogens. According to a
study conducted by Pereira, et al. [3] the history of transplantation may play a role in the development of
COVID-19 complications; however, due to the low statistical population of previous studies, the
management of COVID-19 in these patients still remains unknown. In this article, with regard to the
importance of the topic, we retrospectively collected and analyzed clinical data of six kidney recipients
with con�rmed or clinically suspected COVID-19. The essential aim of our study is to investigate the
association between kidney transplantation, as an underlying disease, and COVID-19 progression.

Case Series
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In this case series, we report clinical characteristics and outcomes of six kidney recipients with con�rmed
or clinically suspected COVID-19 in Sina Hospital, Tehran, from February 20 to May 14, 2020. The
diagnosis was con�rmed based on the following criteria: 1) positive polymerase-chain-reaction (PCR) test
of endotracheal or oropharyngeal swab specimens. 2) Highly suspicious patients according to the Iranian
national committee of COVID-19 and the World Health Organization's interim guidance [4, 5]. The Swab
PCR test was performed for six (100%) patients, of whom �ve (83.3%) were de�nitely diagnosed with
COVID-19 (patient 2 had a negative test).  The median age of transplant recipients was 47 years (range,
41-55 years) including four (66.7%) women. Of six patients, three required intensive care unit (ICU)
admission, and three were managed in the COVID-19 ward. Among three patients sent to ICU, two patients
required intubation while the other one was managed only with non-invasive ventilation. At a median
follow-up of 11.5 days (range, 9 to 23), four patients discharged and two patients passed away (mortality
rate of 33.3%).

Clinical characteristics, outcomes, and laboratory �ndings of the patients, who all underwent kidney
transplantation between 2007 and 2020 are shown in tables 1 and 2. Comorbidities included
hypertension (N=4) and autosomal dominant polycystic kidney disease (N=1). The median time from
symptom onset to admission was 10 days (range: 7-30 days), and the most common symptoms were
fever (�ve patients, 83.3%) followed by dyspnea (four patients, 66.7%) and myalgia (three patients, 50%).
Relevant laboratory tests of the six patients were measured at admission, which demonstrated that all
patients had lymphopenia and elevated in�ammatory biomarkers (table2). Computerized tomography
(CT) of the chest was performed in all patients, which showed typical COVID-19 changes (moderate to
severe multifocal ground-glass lesions). Comparing the baseline serum creatinine level (median: 1.47,
range: 1.4-2.5) with the admission level revealed that all patients had developed AKI. Besides, �ve
patients (83.3%) had proteinuria on admission, ranging from trace to 3+; however, with regard to the
patients’ clinical condition, quantitative analysis of 24-hour urine collections was not feasible and no
patient underwent kidney biopsy.  Of note, triple immunosuppression with a cell cycle inhibitor
(mycophenolate mofetil (MMF) in �ve patients and azathioprine in one patient), calcineurin inhibitors
(CNIs), and glucocorticoids had been used in four patients (two were on sirolimus); however, during
hospitalization, MMF and CNIs were ceased immediately except for cyclosporine, and prednisolone was
increased (table1). During follow-up, all patients received IVIG and antiviral regimen including
hydroxychloroquine (HCQ) and umifenovir (arbidol), 3 patients took an additional regimen with lopinavir-
ritonavir (kaletra). Besides, antibacterial therapy including meropenem and piperacillin-tazobactam was
initiated considering the situation of patients.

Among the patients admitted to ICU, two patients deceased as a result of deterioration in respiratory
status. Patients 4 and 6 were admitted with dyspnea and tachypnea. During hospitalization, their clinical
conditions deteriorated, which were manifested by severe shortness of breath and a decrease in
peripheral oxygen saturation despite the use of nasal oxygen delivery. Meanwhile, a repeated CT scan
also showed diffuse bilateral in�ltrations in favor of ARDS in patient 4. They were intubated for
mechanical ventilation and broad-spectrum antibiotics were administered; however, despite the efforts
during hospitalization, they developed multiorgan failure and unfortunately, they deceased.
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Discussion
In our case series, we discussed the clinical characteristics and the outcomes of the �rst six kidney
recipients with COVID-19 in our Hospital. The mortality rate in our patients was in line with similar
previous studies [6, 7]. Kidney recipients with COVID-19 developed even higher AKI than critically ill
patients in Wuhan, China [8]. Besides, we found that respiratory involvement may be the main cause of
the disease progression in patients with COVID-19 who had received kidney transplantation.

The 2019 novel coronavirus enters human cells by binding its spike to the angiotensin-converting enzyme
2 (ACE2) receptor. Proximal tubular cells and podocytes express the ACE2 receptor, resulting in AKI by
virus-induced cytopathic effect, which is manifested by hematuria, proteinuria, elevated levels of blood
urea nitrogen (BUN), and serum creatinine [2]. In our case-series, AKI was de�ned according to kidney
disease improving global outcomes (KDIGO) guideline [9]. In addition, the baseline Cr was determined as
the last serum Cr within 8 to 365 days prior to admission. Overall, AKI is reported to develop in 58.5% of
kidney recipients with COVID-19 during admission [10]. Wang and colleagues [11] studied two patients
with COVID-19 and chronic renal disease. They found AKI in both patients and concluded that COVID-19
may contribute to accelerated renal impairment. Besides, a recent meta-analysis suggested that there is
an association between severe AKI and high mortality in patients with COVID-19 [12]. We found all
patients developed AKI (100%) during hospitalization, which may prove that transplant recipients are at
higher risk of AKI compared with 29% AKI in critically ill patients in Wuhan, China [8]. Therefore, close
monitoring of patients with abnormal kidney indicators may prevent the progression of COVID-19.

Strikingly, in this study, the progression of COVID-19 was not associated with the severity of pulmonary
involvement on chest CT scan on admission. Several patients with moderate pulmonary involvement
recovered with-out any complications; however, patient 4 deceased despite moderate involvement on
chest CT scan. According to a study conducted by Tan, et al. [13] patients with severe COVID-19 had an
elevated CRP level at the early stage of the disease, even before CT scan �ndings. Also, we found that
CRP level was elevated in all patients. These results indicate that despite the diagnostic value of CT scan
at admission, it may not provide prognostic information in transplant recipients and other factors
including in�ammatory biomarkers may help us to detect the COVID-19 progression.

Since the outbreak of this disease in December 2019, it has been discussed that the novel coronavirus
acts on lymphocytes, particularly T lymphocytes, resulting in T cell reduction. Besides, antimetabolite
drugs work by suppressing the adhesion and proliferation of T lymphocytes [14, 15]. Of note, the number
of T lymphocytes was clearly decreased in our patients, with the median of .36×109/L (range: 0.12-
0.82×109/L), which is in line with that of Santeusanio, et al. [16] who found absolute lymphocyte count
≤ 600 cells/mL among all patients at admission. Given this experience, anti-proliferative agents (MMF,
sirolimus, and azathioprine) were withdrawn at the time of admission in all patients. The role of antiviral
therapies has been disputed since the outbreak of COVID-19; however, some studies suggest an effective
role for hydroxychloroquine and lopinavir/ritonavir in reducing the viral load [17, 18]. Zhang H, et al. [19]
studied �ve transplant recipients and reported that they administrated antiviral therapy (arbidol or
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oseltamivir) for all patients in line with immunosuppressants reduction in four patients. In addition, in a
study conducted by Alberici F, et al. [6] the general management of COVID-19 was similar to the
mentioned studies with the use of HCQ (95%), methylprednisolone (100%), and immunosuppression
withdrawn (100%). Interestingly, although patients in this study were treated with anti-IL 6 drugs such as
tocilizumab, the �nal outcome was not signi�cantly different from other studies. In our patients, in
accordance with previous studies, we started antiviral therapies in all patients. It is noteworthy to note
that the treatment approach is in line with the standard protocols at the time of patients’ admission.

The essential role of in�ammation and cytokine storm in the progression of COVID-19 has been revealed
so far [20]; therefore, urgently needed treatments based on suppressing the in�ammation such as
glucocorticoids are demanded to control COVID-19; so, we elevated the dose of prednisolone to 15 mg
daily. It is believed that cyclosporine may have effective roles in COVID-19 treatment by inhibiting the
replication of the virus [21]; although, the same strategy did not work in the fourth case of our report who
continued her cyclosporine. In addition, this patient developed sepsis during follow-up, which warrants
more careful use of glucocorticoids in patients with COVID-19. Overall, it is important to note that the risk
of rejection may increase with a reduction in immunosuppression; however, with regard to the high in-
hospital mortality of COVID-19, clinicians should make different decisions based on patients’ conditions.

Most notably, the mortality rate in our patients was 33.3%, which nearly is consistent with previous
studies [6, 7]. According to a recent review study, Moris, et al. [10] reported a cumulative mortality rate of
19.9% in kidney recipients with COVID-19. Pereira and colleagues [3] studied 90 solid-organ transplant
(SOT) recipients including 46 patients with a history of kidney transplantation; they concluded that
mortality (24%) and severity (39%) were signi�cantly higher in transplant recipients compared with other
patients. Moreover, according to a study conducted by Fernández-Ruiz, et al. [22] SOT recipients
developed more ARDS compared with others (38.9% vs. 5.6%). In a recent study in Wuhan, China, the
mortality rate among patients with ARDS was 52.4%, which has been described to be the leading cause
of death on COVID-19 [23]. One of the essential characteristics of ARDS is the cytokine storm cascade,
which has been proved to be the cause of sepsis, and can contribute to multi-organ failure [20]. In our
study, the poor outcome in patient 4 may be related to the patient’s ARDS, which was followed by sepsis.
Additionally, patient 6 deceased as a result of deterioration in respiratory status, which may indicate that
respiratory involvement is the main cause of poor outcomes in patients with COVID-19; so, more
supportive care must be considered in these patients.

Limitations

We would like to emphasize that our study has several limitations; however, we believe our study
population is representative of patients diagnosed in our hospital. First, it is a single-center study on the
Iranian population, and future multicenter studies on different ethnicities are demanded. Second, the
small sample size of our study may affect the �ndings, and our results should be con�rmed in larger
studies.

Conclusions
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In summary, in our case series of six kidney transplant recipients with COVID-19, two patients deceased
(33.3%) and all the patients developed AKI, which indicates that immunosuppression after kidney
transplantation may be a risk indicator for poor outcomes in COVID-19.
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Tables
Table 1. Clinical features and outcomes of six kidney transplant patients with COVID-19.
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  Patient1 Patient2 Patient3 Patient4 Patient5 Patient6

Baseline characteristics            

Age (year) 41 55 44 52 49 45

Sex male male female female female female

KT date 2007 2017 2020 2004 2017 2019

Comorbidities - HTN-
ADPKD

HTN HTN HTN -

Admission symptoms            

Fever + + + + + +

Dyspnea - - + + + +

Myalgia + - - + - +

Vital signs            

Heart rate 102 86 120 88 114 88

Respiratory rate 24 18 30 28 26 28

SBP 110 115 130 140 120 100

DBP 70 70 80 80 70 60

temperature(oC) 39.7 38.6 38 38.3 37 38.3

Oxygen saturation (%) 95 96 87 98 88 80

Baseline

Immunosuppression

           

MMF (mg) 1500 1500 1500 1000 - 1500

Prednisolone (mg) 5 5 5 5 20 5

Sirolimus (mg) 1 1 - - - -

Tacrolimus (mg) - - 4.5 - 2 2

Cyclosporine (mg) - - - 75 - -

Azathioprine (mg) - - - - 50
(qod)

-

Anti-viral treatment            

HCQ + + + + + +

Lopinavir-Ritonavir  - + - - + +
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Umifenovir + + + + + +

In-hospital outcomes            

Renal or respiratory
involvement

AKI AKI AKI AKI-
ARDS

AKI AKI

Death - - - + - +

Abbreviations: ADPKD, autosomal dominant polycystic kidney disease; AKI, acute kidney injury; ARDS,
acute respiratory distress syndrome; COVID-19, coronavirus disease 2019; DBP, diastolic blood pressure;
HCQ, hydroxychloroquine; HTN, hypertension; KT, kidney transplant; MMF, mycophenolate mofetil; qod,
every other day; SBP, systolic blood pressure.

 

 

 

Table 2. Laboratory �ndings of six kidney transplant recipients with COVID-19 on admission.
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  Patient1 Patient2 Patient3 Patient4 Patient5 Patient6

WBC(×109/L) (4-10.5) 5.1 3.7 10.3 3.7 2 5.3

Lymphocyte(×109/L) (1-3.5) 0.82 0.41 0.31 0.41 0.12 0.3

Hb(g/dl) (13-17.5) 12.1 10.6 11.2 9.6 5.1 8

Platelets(×109/L) (150-400) 172 199 253 175 125 381

Baseline Cr(mg/dl) (0.7-1.4) 1.4 1.48 1.47 1.45 2.46 2.5

Admission Cr(mg/dl) (0.7-1.4) 2 2.2 3.5 2.4 3.8 3.5

Baseline
eGFR(ml/min/1.73m2) (>90)

59 52 41 40 22 15

Urea(mg/dl) (18-55) 46 49 91 213 126 120

ESR (mm) (<18) 28 56 86 96 46 110

CRP(mg/L) (<6) 14.8 99.2 154 83 147 150

Procalcitonin(ng/ml) (<0.36) 0.55 0.2 0.33 0.45 - 0.72

Ferritin(ng/ml) (21.3-274.7) >2000 1598 962.7 425 >2000 >2000

LDH(U/L) (<480) 1230 572 733 770 476 978

First-Troponin (ng/ml) (<26) 193.6 6.1 - 33.7 233.7 49.4

D-Dimer(ng/ml) (<250) 1310.1 - 1162.7 971.7 472.4 >10000

AST(U/L) (<38) 67 83 37 36 45 61

ALT(U/L) (<41) 48 60 32 19 34 35

ALP(U/L) (<270) 158 110 173 120 90 200

Albumin(gr/dl) (3.5-5.2) 3.2 3.5 2.7 3.4 4.4 -

Urine proteina 3+ 1+ trace 2+ negative  trace

Abbreviations: ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate aminotransferase;
COVID-19, coronavirus disease 2019; Cr, creatinine; CRP, C-reactive protein; eGFR, estimated glomerular
�ltration rate; ESR, erythrocyte sedimentation rate; Hb, hemoglobin; LDH, lactate dehydrogenase; WBC,
white blood cells.

a Urine protein is described as: negative, 0 mg/dL; trace, 15-30 mg/dL; 1+, 30-100 mg/dL; 2+, 100-300
mg/dL; 3+, 300-1000 mg/dL; 4+, more than 1000 mg/dL.


