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Abstract

Coronavirus disease 2019 (COVID-19) is a novel and lethal infectious disease, posing a
threat to global health security. The number of cases has increased rapidly, but no
data concerning kidney transplant (KTx) recipients infected with COVID-19 are
available. To present the epidemiological, clinical, and therapeutic characteristics
of KTx recipients infected with COVID-19, we report on a case series of five patients
who were confirmed as having COVID-19 through nucleic acid testing (NAT) from
January 1, 2020 to February 28, 2020. The most common symptoms on admission to
hospital were fever (five patients, 100%), cough (five patients, 100%), myalgia or
fatigue (three patients, 60%), and sputum production (three patients, 60%); serum
creatinine or urea nitrogen levels were slightly higher than those before symptom
onset. Four patients received a reduced dose of maintenance immunosuppressive
therapy during hospitalization. As of March 4, 2020 NAT was negative for COVID-19
in three patients twice in succession, and their computed tomography scans showed
improved images. Although greater patient numbers and long-term follow-up data
are needed, our series demonstrates that mild COVID-19 infection in KTx recipients
can be managed using symptomatic support therapy combined with adjusted main-
tenance immunosuppressive therapy.
© 2020 European Association of Urology. Published by Elsevier B.V. All rights reserved.
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1. Case series

1.1. Background

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is a novel coronavirus that causes coronavirus
disease 2019 (COVID-19), which emerged in Wuhan, China,
in December 2019 and has become a growing threat to
global health security [1]. Clinically, the disease is
characterized with fever, cough, lymphopenia, dyspnea,
and eventually respiratory failure and multiple organ
damage in severe cases [2].

Immunosuppression after transplantation renders kid-
ney transplant (KTx) recipients susceptible to a variety of
viral pathogens. Several cases of transplant recipients with
SARS-CoV or Middle East respiratory syndrome coronavi-
rus (MERS-CoV) infection have been reported [3–5]. How-
ever, epidemiological and clinical information
characterizing SARS-CoV-2 infections in KTx recipients
remains unknown. Here, we aimed to comprehensively
describe epidemiological and clinical features in five KTx
recipients infected with COVID-19. Our study findings are
likely to be of considerable value for the diagnosis and
treatment of these patients.

1.2. Cases

From January 2015 to December 2019, 803 cases of kidney
transplantation were performed in our hospital and 743 KTx
recipients were followed up; six cases had symptoms, of
whom five were diagnosed to have COVID-19 with
confirmed SARS-CoV-2 infection using nucleic acid testing
(NAT) from January 1, 2020 to February 28, 2020 (Fig. 1)
[6]. After the National Health Commission of China gave
approval for data collection (written informed consent was
Fig. 1 – Timeline of epidemiological and clinical characteristics of kidney trans
defined as origin point, and the contact history was reviewed. Symptoms, CT im
immunosuppressive therapy were listed according to the day of illness.
COVID-19 = coronavirus disease 2019; CT = computed tomography.
waived as part of a public health outbreak investigation)
and oral consent was obtained from patients, we followed
up the five KTx recipients until March 4, 2020.

The mean age of these five patients was 45 yr (standard
deviation, 11 yr), and four were male. All patients had
undergone donation after cardiac death renal transplants
between January 2016 and November 2019. Comorbidities
included hypertension (n = 2), diabetes (n = 1), or bladder
cancer (n = 1); the most common symptoms were fever (five
patients, 100%), cough (five patients, 100%), myalgia or
fatigue (three patients, 60%), and sputum production (three
patients, 60%; Table 1). At symptom onset, white blood cell
and neutrophil levels of all patients were within normal
range except in patient 2, but serum creatinine or urea
nitrogen levels were slightly higher than those before
symptom onset (Fig. 2A, 2B, 2E, and 2 F). On admission,
five patients developed lymphopenia and an elevated C-
reactive protein (CRP) level, and proteinuria appeared in
four patients (Fig. 2C, 2D, and 2 G and Table 2). During
hospitalization, all patients received antiviral therapy
(oseltamivir or arbidol); patients 2 and 3 also received
antibacterial therapy (cefixime) and intravenous immuno-
globulin, respectively. More importantly, triple immuno-
suppression with glucocorticoids, mycophenolate mofetil
(MMF), and calcineurin inhibitors (CNIs) had been used in
four recipients prior to symptom onset; however, after the
onset of illness, the immunosuppressant was reduced or
stopped in these four patients (Fig. 1). In patients 1 and 3,
the second chest computed tomography (CT) scans showed
deterioration, but this resolved later, as shown in the third
CT scans (Fig. 1 and 3). As of March 4, 2020 four patients had
improved chest CT findings, with three having negative NAT
results twice in succession (Fig. 1 and 4). Symptoms of all
patients resolved gradually, except in patient 2. None of
these five patients required mechanical ventilation or
plant recipients infected with COVID-19. Date of symptom onset was
age, nucleic acid test, hospital stay, and adjustment of



Table 1 – Clinical characteristic of the five kidney transplant recipients infected with COVID-19 on admission to hospitala

Patient no. Summary

1 2 3 4 5

Sex Male Male Female Male Male –

Age (yr) 38 64 37 47 38 45 � 11
Time of kidney transplant surgery Oct 23, 2019 Jan 16, 2016 Aug 19,2019 Feb 26, 2019 Jul 27, 2017 –

Sources of donor kidneys DCD DCD DCD DCD DCD –

Comorbidities other than kidney diseases
Hypertension – – + – + 2+
Diabetes – – – – + 1+
Bladder cancer – + – – – 1+
Fever + + + + + 5+
Cough + + + + + 5+
Sputum production – + – + + 3+
Myalgia or fatigue – + – + + 3+
Dyspnea – – – – – 0+
Gastrointestinal symptoms – – – – – 0+
Body temperature (�C) 38.9 38.3 39 39.8 39.1 39.2 � 0.5
Oximetry saturation on room air (%) 99 96 99 98 97 97.8 � 1.3

COVID-19 = coronavirus disease 2019; DCD = donation after cardiac death.
a Plus-minus values are means � standard deviation. A plus sign indicates that the sign or symptom was present, and a minus sign that it was absent.
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admission to intensive care units, and two were discharged
while three remained hospitalized (Fig. 1).

The maintenance immunosuppressive therapy of patient
2 was glucocorticoid, MMF, and rapamycin before symptom
onset. On illness day 0, the patient complained of fever
and anuria, with increased creatinine, white blood cell, and
neutrophil levels. Considering the normal chest CT scan,
fever, anuria, hypercreatinemia, and leukocytosis at that
time (Fig. 1), we regarded patient 2 as having acute
transplantation rejection, in line with authoritative Euro-
pean Association of Urology guidelines on renal transplan-
tation [7]. Thus, patient 2 was treated with
methylprednisolone pulse therapy (500, 250, and 250
mg) for 3 d, after which the patient’s fever abated, and urine
output and serum creatinine levels returned to normal.
However, a high fever resumed the next day, with a positive
NAT for SARS-CoV-2 confirming that patient 2 had COVID-
19. On admission, the urea (24.34 mmol/l) and creatinine
(411.7 mmol/l) levels of patient 2 were the highest among
these five patients, and the patient also had elevated white
blood cell, neutrophil, and CRP levels (Fig. 2 and Table 2).
After a week of hospitalization, the second CT scan for
patient 2 showed a typical presentation of viral pneumonia.
During hospitalization, despite the gradual disappearance
of fever, patient 2 complained of dyspnea on exertion with
normal oxygen saturation and refused to leave the isolation
ward for a third CT scan (Fig. 1).

2. Discussion

Although recent studies have reported epidemiological and
clinical features of COVID-19 [1], this is the first study to
characterize KTx recipients with COVID-19. After the
outbreak of COVID-19, we identified five infected KTx
recipients. While three patients had a suspected history of
exposure, the incubation period concerning the other two
patients was unclear (Fig. 1). However, these two patients
were residents of Wuhan, the center of the outbreak, and
their infection may have been due to exposure to
undiagnosed, asymptomatic carriers of SARS-CoV-2. Fur-
thermore, specifically concerning patient 2, the patient was
treated with methylprednisolone pulse therapy, which
involves greater immunosuppression and could be a
predisposing factor for SARS-CoV-2 infection.

Although SARS-CoV-2 nucleic acid reverse transcription
polymerase chain reaction analysis using throat swab
specimens can confirm COVID-19 infection, false negatives
are possible due to the sampling techniques, viral load of the
upper respiratory tract, and mutations of the virus gene. For
example, on illness day 21, the NAT result of patient 2 was
not definitive, which suggests that trained technicians
should conduct standard multisampling in strict accor-
dance with protocols to improve the sensitivity of speci-
mens. Apart from lower respiratory tract sampling, whole
genome sequencing and detection of serum antibodies
should be considered to optimize diagnostic methods.

Concerning laboratory findings, lymphocytopenia devel-
oped in the five patients on admission. Although we could
not explain this, lymphocytes have been identified as
primary targets of SARS-CoV injury [8]. Notably, the
absolute leukocyte and neutrophil value was increased in
patient 2. However, because bacterial culture results were
not available, the presence of bacterial coinfections could
not be confirmed. It should also be noted that glucocorti-
coids, such as methylprednisolone, and acute rejection can
contribute to increasing leukocytes and neutrophils on
initiation [9]. Thus, the use of the leukocyte differential
could be helpful in determining whether an abnormal
number of leukocytes and neutrophils are due to bacterial
coinfections, acute rejection, or initiation of methylpred-
nisolone.

Apart from symptomatic support therapy, no specific
treatment for COVID-19 has been confirmed, although
several ongoing clinical trials may identify some options



Fig. 2 – Dynamic profiles of clinical laboratory findings. We chose four time points to record the dynamic profiles of laboratory findings: (1) 1 mo
before the symptom onset, (2) when the patient developed symptoms, (3) when the patient was admitted to hospital, and (4) the patient's latest
laboratory test.
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Fig. 4 – Chest CT images of patient 4. (A) Transverse chest CT image
from patient 4 shows bilateral ground-glass opacity with sparing of
subpleural regions on illness day 2. (B) CT image on illness day 15
shows multiple consolidations and fibrous stripes in both lungs.
CT = computed tomography.

Table 2 – Laboratory findings of the five kidney transplant recipients infected with COVID-19 on admission to hospitala

Patient no. Summary

1 2 3 4 5

White blood cell count (�109/l) 4.73 17.67 5.67 3.99 6.44 7.70 � 5.65
Neutrophil count (�109/L) 2.66 16.07 3.93 2.33 3.22 5.64 � 5.86
Lymphocyte count (�109/l) 0.63 0.55 0.31 0.51 0.91 0.58 � 0.22
Platelet count (�109/l) 222 136 158 186 228 186 � 40
Hemoglobin (g/l) 99 139 107 85 148 116 � 27
PT (s) 12.3 12.7 13.7 14.0 12.6 13.0 � 0.7
APTT (s) 32.4 37.8 38.2 43.2 36.9 37.7 � 3.8
D-dimer (mg/l) 0.37 1.26 2.03 0.45 0.39 0.90 � 0.73
CRP (mg/l) 6.68 337.11 9.77 13.38 33.72 80.13 � 144.04
ESR (mm/h) 7 >100 17 12 44 >36 � 39
Albumin (g/l) 34.2 29.3 33.6 37.7 45.2 36.0 � 5.9
Total bilirubin (mmol/l) 9.2 14.7 4.6 12.8 10.4 10.3 � 3.9
Direct bilirubin (mmol/l) 3.1 2.0 1.8 3.9 4.9 3.1 � 1.3
ALT (U/l) 66 21 70 7 20 37 � 29
AST (U/l) 41 31 49 26 21 34 � 11
LDH (U/l) 193 180 160 235 248 203 � 37
Urea (mmol/l) 9.02 24.34 10.30 9.82 5.92 11.88 � 7.17
Creatinine (mmol/l) 98.0 411.7 137.0 146.9 135.4 185.8 � 127.6
Proteinuria + ++ + + – –

ALT = alanine aminotransferase; APTT = activated partial thromboplastin time; AST = aspartate aminotransferase; COVID-19 = coronavirus disease 2019; CRP =
C-reactive protein; ESR = erythrocyte sedimentation rate; LDH = lactate dehydrogenase; PT = prothrombin time.
a Plus-minus values are means � SD. Normal ranges of laboratory findings are as follows: for white blood cell count, (3.5–9.5) � 109/l; for neutrophil count, (1.8–
6.3) � 109/l; for lymphocyte count, (1.1–3.2) � 109/l; for platelet count, (125–350) � 109/l; for hemoglobin, (130–175) g/l; for PT, 11.0–16.0 s; for APTT, 28.0–43.5 s;
for D-dimer, 0–0.5 mg/l; for CRP, 0–8 mg/l; for ESR, 0–15 mm/h; for albumin, 35–55 g/l; for total bilirubin, 5.1–19.0 mmol/l; for direct bilirubin, 1.7–6.8 mmol/l; for
ALT, 5–40 U/l; for AST, 8–40 U/l; for LDH, 109–245 U/l; for urea, 2.9–8.2 mmol/l; for creatinine, 44.0–133.0 mmol/l; for proteinuria, “–” indicates that protein
excretion is <10 mg/dl, “+” indicates that protein excretion is between 30 and 100 mg/dl, and “++” indicates that protein excretion is between 100 and 300 mg/dl.

Fig. 3 – Chest CT images of patient 3. (A) Transverse chest CT image of
patient 3 showed unilateral ground-glass opacity with sparing of
subpleural regions on illness day 1. (B) On illness day 8, CT image from
patient 3 showed larger lesions in the lower lobe of the left lung with
partial consolidation. Figure showed dynamic profiles of white cell
count (A), neutrophil count (B), lymphocyte count (C), C-reactive protein
(D), blood urea nitrogen (E), creatinine (F), proteinuria (G).
CT = computed tomography.
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[10]. Even for KTx recipients infected with SARS and MERS,
the treatment options are limited [3–5]. Therefore, enhanc-
ing personal protection precautions, early identification,
and timely management of affected cases are of crucial
importance. Despite the lack of evidence on clinical efficacy,
each patient in this study received antiviral therapy, and
patients 2 and 3 also received antibacterial agent and
intravenous immunoglobulin, respectively.

Given the extent of lymphocytes shown to be consumed
by SARS-CoV-2 [10], MMF treatment was withdrawn in four
patients. Moreover, glucocorticoids and tacrolimus dosages
were also adjusted. There is no evidence to confirm the
favorable effects of glucocorticoids in COVID-19 treatment
[11]. Furthermore, whether SARS-CoV-2 can be inhibited by
tacrolimus is unclear, although replication of SARS-CoV was
diminished after tacrolimus treatment [12]. Notably, cyclo-
sporine, another CNI drug, may be used as an option of host-
directed therapies for COVID-19 [13]. Strikingly, no signifi-
cant kidney impairment was detected except in patient 2,
implying that reducing immunosuppressive therapy for a
short period would not lead to acute rejection. However, the
long-term effect is uncertain. For patient 5, immunosup-
pressant use was not changed because of the relatively mild
symptoms. The satisfactory clinical outcome of patient 5
suggested that an immunosuppressive maintenance dosage
might not compromise the antiviral immune effect in
relatively mild COVID-19 cases. In addition, aggressive
reduction or withdrawal of the immunosuppressant should
be considered cautiously only for recipients with severe
pneumonia or acute respiratory distress syndrome
[14]. More importantly, renal function should be monitored
frequently because renal failure resulting from acute
rejection could make treatment more difficult.

During hospitalization, symptoms of four patients were
gradually controlled, whereas those of patient 2 got worse,
which, in this case, might be related in part to former acute
rejection. Additionally, as COVID-19 progresses, kidney
impairment in patients infected with SARS-CoV-2 might
contribute to poor outcomes, similar to SARS-CoV where
pathological findings concerning kidney specimens from
patients with SARS-CoV shows acute tubular necrosis
[15,16]. Moreover, based on recent studies [1], old age
and malignancy could be further risk factors for patient
2. However, whether other factors may affect prognosis
could not be determined due to the limited data available.

In conclusion, although the five KTx recipients were
immunocompromised, severe COVID-19 was not found.
Mild COVID-19 in KTx recipients can be managed using
symptomatic support therapy combined with adjusted
maintenance immunosuppressive therapy. Meanwhile,
physicians should pay attention to the influence of
comorbidities and the possibility of coinfections. More
data are needed to gain better understanding of KTx
recipients infected with COVID-19.
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