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A B S T R A C T   

The coronavirus disease 2019 (COVID-19) has swept the world, posing a serious threat to people’s lives and 
health. Several cases of COVID-19 infection in renal transplant recipients (RTRs) have been reported, but the 
treatment and prognosis have not been fully elucidated. We followed-up with RTRs infected with SARS-CoV2 in 
our center and classified them as five clinical types—asymptomatic, mild, moderate, severe, and critical. The 
immunosuppressive agents were not adjusted in asymptomatic carriers and mild patients, the former was mainly 
treated by isolation, and the latter was treated by low-dose intravenous immunoglobulin (IVIG) to enhance 
immunity. For moderate or severe patients, the immunosuppressive agents were largely reduced or even inter-
rupted, low-dose IVIG was adopted, and low-dose methylprednisolone (MP) was used to inhibit inflammation 
and rejection. Immunosuppressants were discontinued early in critical patients; IVIG, high-dose MP, and anti-
biotics were used. Meanwhile, all patients received at least one antiviral drugs. After aggressive treatment, three 
patients developed acute kidney injury, and two showed reversal, while the remaining one lost the allograft 
kidney; one patient died, while other patients were discharged. For different clinical types of RTRs infected with 
COVID-19, personalized therapies were essential, Meanwhile, patients with COVID-19 infection may have 
different outcomes due to their different clinical manifestations.   

1. Introduction 

In December 2019, an outbreak of Coronavirus Disease 2019 
(COVID-19) was identified in the world. This epidemic rapidly spread 
globally, and the World Health Organization (WHO) declared COVID-19 
to be a pandemic in early March 2020 [1]. As of June 15, 2020, more 
than 6 million cases and 400,000 deaths have been confirmed world-
wide. According to the WHO guidelines, while the overall population is 
generally susceptible, elderly patients and those with chronic underly-
ing conditions have a poorer prognosis than young, healthy adults [2]. 

Owing to long-term use of immunosuppressive agents, recipients of 
renal transplantation comprise an immunocompromised population that 
are prone to all kinds of opportunistic infection [3]. According to the 
theory, renal transplant recipients (RTRs) should be susceptible to 
infection with severe acute respiratory syndrome-coronavirus 2 (SARS- 
CoV2), which can easily progress to critical type COVID-19 and cause 
poor prognosis [4].However, based on multiple reports, the COVID-19 
infection rate of transplant recipients is similar to that of the general 
population, most of whom had a good prognosis in Wuhan [5,6]. 
Moreover, the clinical manifestations of COVID-19 vary widely among 
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patients, from asymptomatic carrier to the most critical type. To cure 
COVID-19 and protect graft function, different types of patients should 
choose different treatment options. In this paper, we summarize the 
clinical data of different clinical types of RTRs in our center to provide 
reference for the treatment of RTRs infected with COVID-19. 

2. Methods 

2.1. Diagnosis standard 

Epidemiological history (≤14 days): travel to or residence in Wuhan 
and its surrounding areas, or other communities where COVID-19- 
positive cases had been found; contact with COVID-19 patients or con-
tact with patients with fever or respiratory symptoms and from Wuhan 
and its surrounding areas, or from communities where COVID-19 has 
been found; clustered cases. 

Clinical symptoms: fever and/or respiratory symptoms; normal or 
decreased white blood cell (WBC) count, normal or decreased lympho-
cyte count; imaging characteristics of COVID-19. 

Any one criteria of epidemiological history plus any two clinical 
symptoms, or all three clinical symptoms were considered as suspected 
cases. A confirmed case of COVID-19 was made based on the suspected 
cases with etiological or serological evidence: (1) RT-PCR positivity in 
respiratory specimens for SARS-CoV-2 or (2) serological evidence with 
specific IgG or IgM. 

2.2. Clinical classification methods 

According to the diagnosis and treatment guidelines of the national 
health commission of China (7th edition), all COVID-19 confirmed cases 
were classified into different types [2]. The classification criteria are 
described below: 

Asymptomatic infected people: no related clinical symptoms such 
as fever, cough, or sore throat and no evidence of pneumonia on 
computed tomographic (CT) images, but positive nucleic acid test or 

specific antibody. 
Mild type: mild clinical manifestation, without pneumonia. 
Moderate type: fever and/or respiratory symptoms with mild 

pneumonia. 
Severe type: dyspnea or respiratory Rate ≥ 30/min or SpO2 < 93% 

or PaO2/FiO2 < 300 mmHg, or lung infiltrates >50% within 24–48 h. 
Critical type; Needs mechanical ventilation or shock or complicated 

with other organ failure and requiring ICU admission. 

3. Results 

3.1. Clinical cases series 

The mean age of the seven RTRs who developed COVID-19 pneu-
monia was 52 years (range: 37–64 years, four male and three female). 
The transplant length covered from 10 days to 80 months after renal 
transplantation. Seven patients were associated with one or more of the 
following diseases: hypertension (n = 6), myocardial infarction (n = 1), 
and polycystic kidney disease (n = 1). The maintenance immunosup-
pression regimen was MMF + Tacrolimus (FK) + prednisone. Serum 
creatinine and eGFR was maintained at normal levels during follow-up. 
In terms of epidemiology, all seven patients lived in Wuhan, but only one 
family member was infected with SARS-CoV-2. Fever developed in five 
of the seven patients, with the highest recorded body temperature being 
38.9 ◦C; fatigue and myalgia were seen in three patients; productive 
cough in two, and dyspnea and dysphonia in one. None of the patients 
exhibited significant gastrointestinal symptoms. The duration of 7 cases 
of COVID-19 -19 infection after renal transplantation is shown in Fig. 1. 
Demographic and clinical details of the seven patients infected with 
COVID-19 were shown in Table 1. 

According to the diagnosis criteria and clinical classification method, 
patient 1 and patient 2 were confirmed as asymptomatic carrier and 
mild type respectively, patient 3 was moderate type, patients 4 and 5 
were severe type, and patients 6 and 7 were critical type. Laboratory 
results showed that seven patients had normal WBC and reduced 

Fig. 1. This is an overview of the course of 7 patients with COVID-19 infection after renal transplantaion.  
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lymphocyte counts, and four patients had significantly elevated levels of 
C-reactive protein (CRP). All patients had normal procalcitonin levels. 
Chest CT was performed in each patient, and abnormalities were 
observed in both lungs in all patients except for one asymptomatic pa-
tient and one mild patient. Six patients were confirmed with positive 
nucleic acid testing (NAT), and one patient was confirmed by specific 
SARS-CoV2 IgM and IgG antibody titers. Five patients produced specific 
SARS-CoV2 antibody. Data on patients’ laboratory tests and computed 
tomographic imaging were shown in Table 2. The chest CT image of all 
patients were characterized by typical COVID-19 image features 
including multiple patchy ground glass shadows in the pulmonary pe-
ripheral zone (Fig. 2A). However, If the patients were accompanied by 
other basic diseases or in different periods of the course of the COVID- 
19, the chest CT images were not typical (Fig. 2B). 

3.2. Treatment 

For the asymptomatic patient 1, we did not adjust the immunosup-
pressive regimen. In the case of mild COVID-19, the patient’s dose of 
immunosuppressant remained unchanged. We choose the IVIG, and 
umifenovir (Arbidol) for antivirus therapy. For patients with moderate- 
and severe-type patients, the immunosuppressive agents were first 
largely reduced and then interrupted if symptom or CT lesion worsen. A 
low-dose IVIG (2.5–10 g/d) was administered to restore immune func-
tion for fighting infection, and low-dose methylprednisolone (20–40 
mg/d) was used to inhibit inflammation and prevent rejection. The 

patients were given common antiviral drugs including Arbidol, lopina-
vir/ritonavir, and chloroquine phosphate. These patients were only 
prescribed one of the above drugs at a given time. For patients 6 and 7 
with critical type illness, the treatment regimen included interruption of 
immunosuppressive agents, cefoperazone sodium+sulbactam sodium to 
fight infection, high-dose IVIG (10–20 g/d) to enhance immune func-
tion, and methylprednisolone (40–80 mg/d) to inhibit inflammation and 
prevent rejection. The antiviral regimen included Arbidol or lopinavir/ 
ritonavir tablets. 

3.3. Prognosis 

The timeline of clinical characteristic, key treatment, and outcome of 
RTRs infected with COVID-19 were shown in Fig. 2. The asymptomatic 
patient was discharged after 6 days of isolation. The patient’s renal 
function returned to normal and a series of NAT and chest CT images 
were negative for COVID-19. The mild type patient was cured after 2 
weeks of therapy. In addition, the series of NAT and chest CT images 
were negative, the antibody test was also negative upon evaluation for 
the next two months. 

The moderate-type patient’s fever disappeared after 2 weeks of 
treatment, and CT image showed that the lesion was gradually absorbed. 
AKI which was defined as increase of serum creatinine ≥26.5 μ mol/L 
within 48 h appeared during the treatment. Based on the clinical 
symptom and doppler ultrasound results, the clinical rejection was 
diagnosed, so the renal function was restored to normal after MP shock 

Table 1 
Demographic and clinical details of the seven patients infected with COVID-19.  

Patient 1 2 3 4 5 6 7 mean ± SD 

Age (years) 37 59 52 64 56 54 48 52.86 ± 8.65 
Sex Male Male Female Female Female Male Male – 
Height(cm)/weight 

(Kg) 
174/74 173/59 162/52 158/58 160/50 170/67 168/60 166.43 ± 6.43/ 

60.00 ± 8.31 
Comorbidities HTN ADPKD HTN HTN HTN HTN,MI HTN – 
Length after 

transplant 
2 mo 10 d 48 mo 80 mo 64 mo 73 mo 4 mo 38.76 ± 35.67mo 

IS protocol M + FK 
+ P 

M + FK 
+ P 

M + FK + P M + FK +
P 

M + FK + P M + FK + P M + FK + P – 

SCr (μmol/L) 141 58 127 77 44 114 133 99.14 ± 38.98 
eGFR (mL/min) 42 106 42 70 116 62 54 70.29 ± 29.72 
Onset to admission 

(d) 
0 0 6 2 6 7 10 4.43 ± 3.82 

Onset to diagnosis (d) 0 1 11 5 9 6 17 7 ± 5.92 
Symptom        – 
Fever (◦C) 36.2 37.3 38.2 38 38.9 36.5 38.6 37.67 ± 1.04 
Respiratory 

symptoms 
– fatigue dyspnea, 

myalgia 
poor 
appetite 

fatigue, 
myalgia 

cough, sputum 
production, hemoptysis 

fatigue, cough, sputum 
production, myalgia 

– 

Gastrointestinal 
symptoms 

– – – – – – – – 

Note: COVID-19 = coronavirus disease 2019; HTN = hypertension; ADPKD = autosomal dominant poly cystic kidney disease; MI = myocardial infarction; IS =
immunosuppressant; M = mycophenolic acid; FK = tacrolimus; P = prednisone; SCr = serum creatinine; eGFR = estimated glomerular filtration rate; mo = month(s); d 
= day(s). 

Table 2 
Data on patients’ laboratory tests and computed tomographic imaging.  

Patient 1 2 3 4 5 6 7 Mean ± SD 

WBC(×109/L) 7.8 8.5 5.2 4.42 5.2 8.7 11.5 7.33 ± 2.53 
Lymphocyte(×109/L) 1.44 0.17 0.7 0.91 0.85 0.34 0.34 0.68 ± 0.44 
CRP (mg/L) None None 0.06 45.3 46.5 80.5 90 – 
PCT (ng/mL) None <0.1 0.15 0.02 <0.1 0.14 0.92 – 
CT image Normal Normal Typical Typical Typical Atypical Atypical – 
Link to Wuhan Wuhan Wuhan Wuhan Wuhan Wuhan Wuhan Wuhan – 
No. of family members infected 0 0 0 0 1 0 0 – 
NAT Positive Positive Negative Positive Positive Positive Positive – 
SARS-CoV2 Antibody Positive Negative Positive Positive Positive Positive Negative – 
Disease severity Asymptomatic infection Mild Moderate Severe Severe Critical Critical – 

Note:WBC = white blood cell; CRP = C-reactive protein；PCT = procalcitonin；CT = computed tomography；NO. = number; NAT = nucleic acid test；SARS-CoV-2 
= severe acute respiratory syndrome coronavirus 2. 
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therapy. The patient was cured after 24 days of treatment. 
After the first 10 days of symptom aggravation and evidence of 

progression on chest CT images, both patients with severe-type illness 
recovered very smoothly, and the renal function was always maintained 
at normal levels. After a month of oxygen therapy and antiviral therapy, 
the lung lesions were gradually absorbed, and the patients were dis-
charged. Both patients developed protective IgG antibodies. 

The two critical patients were admitted to the intensive care unit 
(ICU) for further treatment. Patient 6 developed acute heart failure and 
fast ventricular rate of atrial fibrillation causing AKI; the patient’s serum 
creatine level was elevated to 305 μmol/L. A series of treatments 
including furosemide diuresis, sodium bicarbonate, and continuous 
renal replacement therapy (CRRT) were administered to improve the 
heart failure. The further synchronized cardioversion was provided to 
reverse atrial fibrillation to a sinus rhythm. The patient gradually 
recovered from heart failure and renal insufficiency, and finally, the 
pneumonia symptoms and pulmonary infection lesions also gradually 
disappeared. After two consecutive negative NAT results, the patient 

was discharged after 40 days treatment. During the most recent one- 
month follow-up, the renal function of both patients remained normal, 
and there was no indication of heart failure. The SARS-CoV2 antibody 
was positive. 

Patient 7 also was admitted to the ICU as the infection aggravated. 
Invasive ventilation was used to improve the oxygen saturation. Then, 
he developed oliguria and acutely increased serum creatinine levels 
(>700 μmol/L) a month after cessation of immunosuppressive drugs; 
further, no significant improvement was observed with 3 days of 500 
mg/d MP treatment. The patient resumed dialysis treatment. Although 
nutritional support and antiviral treatment relieved the pulmonary 
inflammation gradually, the patient suffered from coagulation 
dysfunction, gastrointestinal bleeding, cerebral infarction, and other 
organs dysfunction, and died on April 20, 2020. 

Follow-up serum Cr and eGFR values showed that the renal function 
of surviving patients was damaged when the disease occurred and 
deteriorated further during the treatment. After recovery from COVID- 
19, the renal function of most patients returned to the baseline level 

Fig. 2. COmputed tomography after covid-19 infection. 
2A) It is a typical imaging feature of covid-19, showing multiple patchy ground glass shadows around the lung. 
2B) In diffent stages of the course of covid-19, chest CT showed atypical manifestations. 

Fig. 3. This figure shows the changes of creatinine and eGFR in 7 patients throughout the course of the disease. 
3A). shows the changes of creatinine in 7 patients; 
3B) Shows the changes of eGFR in & patients. 
Stage one is the test result at the last follow-up, stage two is the test result on the day of diagnosis. 
Stage three is the test result when the disease progresses most seriously after infection with covid-19, Stage four is the test result after recovery, discharge of death. 
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(Fig. 3). Three patients experienced significant AKI, in which rejection 
and side effects of drugs were considered the main causes; one patient 
needed the MP treatment for reversal and one patient eventually 
returned to dialysis. 

4. Discussion 

In our hospital, there was currently nearly 1200 renal trans-
plantation recipients being followed-up, and COVID-19 infection was 
detected in seven patients. While the overall incidence was similar to the 
confirmed incidence reported in Wuhan, there was no large-scale 
outbreak of COVID-19 among transplant recipients. 

The clinical manifestations of the transplant recipients were consis-
tent with the general population [4–9]. In our current reported cases, 
fever was the most common symptom, accompanied by other respira-
tory symptoms such as cough, expectoration, and myalgia. The low level 
of blood lymphocytes is most likely because of the viral infection and 
long-term use of antiproliferative drugs to inhibit lymphocyte prolifer-
ation. Acute kidney injury appeared in some patients to an extent, the 
causes of which include various drugs’ side effects, acute rejection, and 
kidney injury possibly caused by the virus [10]. Although the SARS- 
CoV2 binding receptor, ACE2, is highly expressed in the kidney, 
studies have differing views on whether it directly causes renal patho-
logical changes [11,12]. 

The CT images of recipient patients infected with COVID-19 showed 
similar typical lesions as the general population, characterized by 
bilateral, multiple peripheral patchy shadows [13,14]. However, in case 
of complications such as kidney dysfunction, heart failure, the CT im-
ages were not typical. To illustrate, the CT findings of a critical type 
patient showed pulmonary edema, while that of another patient with 
critical type showed early Cytomegalovirus (CMV) pneumonia; the su-
perposition of the two images resulted in an atypical presentation. 

Nucleic acid detection can identify the virus, but nucleic acid 
detection often shows false negative results [15]. Hence, the test should 
be repeated, and multi-site nucleic acid detection should be used. At the 
same time, serum antibody should be used as a supplementary basis for 
diagnosis of the virus. However, some patients did not produce anti-
bodies against SARS-CoV2 for a long time despite positive NAT results 

[16]. Of the seven patients we followed-up, only five produced anti-
bodies. Therefore, patients who have recovered from COVID-19 infec-
tion still have the possibility of reinfection in future. 

The current treatment options are similar to those used in the past for 
lung infections in RTRs, including dose reduction or discontinuation of 
immunosuppressive agents, rebuilding immune function, antiviral 
therapy, and anti-inflammatory responses(Table 3). 

Transplant recipients are an immunocompromised population, and 
physicians initially considered reducing the dose of or discontinuing 
immunosuppressant drugs after pneumonia [17]. However, this in-
creases the risk of organ rejection, which will lead to kidney damage and 
possible irreversible failure. As described in a patient with moderate- 
type illness, we discontinued immunosuppressants; after a continuous 
fever for 10 days thereafter, the first signs of organ rejection appeared, 
and MP shock therapy was administered to reverse this rejection. 
Fortunately, the patient’s renal function recovered, and she recovered 
from COVID-19. Thus, in the case of mild and moderate type COVID-19 
illness, it is not recommended to reduce the immunosuppressant use. For 
severe and critical types, we suggest to discontinue MMF and reduce 
CNI. If the immunosuppressant drugs have been stopped for long term, 
possible rejection reactions should be closely monitored and CNI drugs 
restarted in a timely manner. In addition, moderate immunosuppressive 
agents can avoid inflammatory factor storm and alleviate the progres-
sion of lung infection; hence, it is necessary to detect inflammatory 
factors in the treatment of COVID-19 and choose tocilizumab therapy 
depending on the severity of the inflammatory storm [18–20]. 

Whether MP therapy is beneficial for the COVID-19 infection, there is 
a big dispute, while the Chinese and WHO guidelines do not advocate 
the use of MP, except in the case of progressive deterioration of 
oxygenation indicators, rapid disease progression verified by imaging, 
and excessive activation of inflammatory response in the body. Even 
then, the MP dose should not exceed 1–2 mg/kg [21]. The main concern 
is that hormone-induced immunosuppression slows virus clearance. 
According to our case summary, patients with mild and moderate 
COVID-19 do not need to use MP, while those with the severe and 
critical type with MMF and CNI reduction can use a low dose of MP for 
short term.For low-dose hormone, we use 40-80 mg per day. In case of 
pulmonary edema, excessive exudation and fever, we recommend using 

Table 3 
Treatment choice and complications.   

Patient  

1 2 3 4 5 6 7 

The severity of the disease Asymptomatic Mild Moderate Severe Severe Critical Critical 
IS adjustment        
MMF reduction or interruption No No I R I R I 
FK506 reduction or interruption No No I R I R I 
Treatment        
Antivirus therapy Yes Yes Yes Yes Yes Yes Yes 
Arbidol No Yes Yes Yes Yes Yes Yes 
Lopinavir/ritonavir No No Yes No No No Yes 
Chloroquine phosphate No No Yes No No No No 
IVIG/days No Yes/7d Yes/7d Yes/5d Yes/3d Yes/7d Yes/14d 
MP/days No No Yes/10d Yes/3d Yes/3d No Yes/18d 
Other complications and support        

Septic shock No No No No No No No 
ICU admission No No No No No Yes Yes 
AKI No No Yes No No Yes Yes 
Rejection No No Yes No No No Yes 
Acute cardiac injury No No No No No Yes Yes 
ARDS No No No Yes Yes Yes Yes 

Life support        
Initiation of invasive ventilation No No No No No No Yes 
Initiation of noninvasive ventilation No No No No No Yes Yes 
Initiation of renal replacement therapy No No No No No Yes Yes 

Outcome Discharge Discharge Discharge Discharge Discharge Discharge Death 

Note: IS = immunosuppressant; MPA = mycophenolic acid; FK506 = tacrolimus; IVIG = intravenous immunoglobulin; MP = methylprednisolone; ICU = intensive care 
unit, AKI = acute kidney injury; ARDS = acute respiratory distress syndrome. 
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low-dose hormone for 5–10 days in the early stage. When the symptoms 
improve, we can reduce it to 20 mg per day. 

Another preferred treatment choice for transplant physicians is 
reconstruction of immune function. The theoretical basis for this is the 
long-term immunosuppression in cellular immunity and humoral im-
munity function in recipients with impaired cellular and humoral im-
mune function [22]. Therefore, IVIG was widely used to treat infection 
among transplant recipients, especially for the severe or critical type 
patient. There is no standard for the dosage and course of IVIG treat-
ment, For critically ill patients, IVIG in our center is used 5-10 g per day 
for 5–10 consecutive days [19].. 

Several existing drugs have been recommended for antiviral treat-
ment and written into the national guide, such as Arbidol, chloroquine 
phosphate, and oral lopinavir/ritonavir [23].Arbidol was mostly chosen 
for antiviral treatment for transplant recipients of COVID-19, as this 
drug is cheaper and easier to obtain than others. Several doctors have 
tried other drugs such as colchicine, which inhibit inflammation in 
transplant patients and reduce the production of IL-6, leading to re-
covery [4]. Overall, there is no conclusive evidence to control the 
development of severe pneumonia. However, it is preferable to not 
routinely use more than three antiviral drugs at a given time and/or use 
them for more than ten days. The use of these drugs is not an issue for 
transplant patients, as it is important to consider the risk of renal 
function damage as well as the interaction with CNI drugs. 

In summary, the clinical manifestations, disease progression, and 
prognosis of infection in RTRs were different in different clinical type. 
Classification treatment according to the severity of different diseases 
can control the progress of pneumonia, while protecting the function of 
the transplanted kidney and reducing side effects of drugs. 
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