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Abstract

Introduction: Since mid-April 2020, infection with coronavirus disease of 2019 (COVID-19) has affected more than 2 million people
worldwide. Little is known about the effects of COVID-19 infection on kidney transplant patients treated with immunosuppressive
(IS) drugs.
Case Presentation: Here, we report three Iranian pediatric kidney transplantation cases who acquired COVID-19 infection and were
admitted to Hazrat Ali Asghar Hospital in Tehran, Iran, in March-April 2020 (first wave). They were treated with prednisolone, cy-
closporine, and cellcept. All of them had gastrointestinal symptoms, and one patient also had respiratory symptoms. In two patients
who had only gastrointestinal symptoms, chest radiographies were considered normal. They did not need the intensive care unit
(ICU), ventilator respiratory support, and dialysis due to a temporary increase in serum creatinine and no change in urine volume.
Cellcept was stopped and other medications continued. The patient, who had pulmonary and gastrointestinal symptoms, expressed
more severe manifestations that led to ICU admission and dialysis. Prednisolone was increased to a stress dose and the other drugs
were discontinued.
Conclusions: Pulmonary manifestations significantly worsen the prognosis compared to gastrointestinal manifestations in pedi-
atric kidney transplants with COVID-19.
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1. Introduction

Coronavirus disease of 2019 (COVID-19) is created by
severe acute respiratory syndrome, Coronavirus 2 (SARS-
CoV2). Children with COVID-19 have a milder disease than
adults regarding the severity of symptoms and course of
the disease (1-3). However, children undergoing transplan-
tation have a higher morbidity rate if they get infected by
COVID-19. This is due to the use of immunosuppressive
drugs, which increases the chances of getting various in-
fections (4, 5).

According to the Transplant Association, there is lit-
tle information about transplant patients with COVID-19
(6). Different countries have taken various measures to
manage this pandemic, and many centers have stopped all
transplant surgeries (7, 8). The clinical manifestations vary
in children with COVID-19. Fever or chills and cough are

the most commonly reported symptoms (9, 10). Gastroin-
testinal symptoms such as nausea, vomiting, and diarrhea
(2, 3, 11) may occur in the absence of respiratory symptoms
(1, 10), which are less common than pulmonary manifesta-
tions (12).

Iran is one of the largest kidney transplant centers in
the world (13). In this paper, we report three COVID-19 in-
fected pediatric cases with kidney transplantation. To the
best of our knowledge, this report is one of the first case re-
ports of pediatric kidney Transplant recipients with COVID-
19 in Iran.

2. Case Presentation

The clinical manifestation and laboratory data of the
cases are shown in Table 1.
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Table 1. The Clinical Manifestation and Laboratory Data of the Cases

Case Clinical ManifestAtion PCR of EBV,
CMV, BK

WBC (×
103 /mm3 )-

Lymph

HB
(gm/dL)

PLT
(×

103 /m3 )

BUN
(mg/dL)

Cr
(prior-now)

(mg/dL)

HCO3
(mEq/L)

Na
(mEq/L)

K
(mEq/L)

Ca
(mg/dL)

ESR
(mm/hr)

CRP
(mg/L)

PCR of
COVID-

19

1 Severe anorexia, nausea,
occasional vomiting, and
malaise

Negative 9.6 - 9% 10 277 116 1.1 - 2.05 21 124 2.6 9.4 63 0.8 Positive

2 Fever, malaise, myalgia, and
diarrhea

Negative 3.5 - 20% 10 320 35 0.8 - 1.5 19 136 3.9 9 42 10 Positive

3 Fever, cough, mild diarrhea,
severe anorexia, and
respiratory distress

Negative 2.5 - 30% 9 140 85 2.5 - 5 13 130 4.9 8 110 23 Positive

2.1. Case 1

A 13-year-old boy who had kidney transplantation
about two years ago due to focal segmental glomeruloscle-
rosis (FSGS) was admitted to our hospital because of se-
vere anorexia, nausea, occasional vomiting, diarrhea, and
malaise. He did not have a cough, rhinorrhea, or respi-
ratory distress. He was on tacrolimus 4 mg, mycopheno-
late mofetil 1000 mg per day, and prednisolone 5 mg every
other day. He had no history of recent travel or contact with
a known patient with COVID-19. At admission, vital signs
were as follows: blood pressure 90/50 mmHg, pulse rate
120/min, respiratory rate 18/min, and axillary temperature
37.3°C. Oxygen saturation (SPO2) was 96% on room air. The
patient had moderate dehydration. Chest radiography did
not show infiltrations, pulmonary edema, or pleural effu-
sion. Abdominal radiography was normal. Urinalysis did
not show proteinuria or hematuria. The patient did not
have any change in urine output. Blood, stool, and urine
cultures were negative. Electrocardiogram revealed sinus
tachycardia. Other physical exams were normal. Lab tests
were as follows: (1) creatinine (Cr) 2.05 mg/dL; (2) WBC 9.6
× 103/mm3 with 85% Segment, 3% Band and 9% Lympho-
cyte; (3) hemoglobin 10 gm/dL; (4) platelet 277 × 103/mm3;
(5) erythrocyte sedimentation rate (ESR) 63 mm/hr; and (6)
C-reactive protein (CRP) < 1 mg/dL. Nasopharyngeal PCR
was positive for SARS-CoV2.

The patient was hydrated. Hypokalemia and hypona-
tremia were corrected. Antipyretic was prescribed, and cef-
triaxone was given until the cultures were negative. My-
cophenolate mofetil (MMF) was stopped, and tacrolimus
and prednisolone dosage remained unchanged. Twenty-
four hours after admission, the patient felt much well and
was discharged after three days. He was asymptomatic
at the time of discharge, and serum creatinine returned
to pre-infection level 1.1 mg/dL. The patient’s diarrhea im-
proved within a week, and MMF was restarted at the previ-
ous dose for the patient. The patient was quarantined for
two weeks at home. The nasopharyngeal PCR test was re-
peated after two weeks, and the result was negative.

2.2. Case 2

A 16-year-old boy with a history of kidney transplanta-
tion from the age of 12 years due to FSGS was admitted to
our pediatric nephrology clinic. He complained of fever,
malaise, myalgia, and diarrhea for several days. He did not
have a cough or respiratory distress. His chest radiogra-
phy was normal. He had no history of traveling or con-
tacting any patient. At the time of examination, vital signs
were as follows: (1) blood pressure 100/70 mmHg; (2) pulse
rate 100/min; (3) respiratory rate 19/min; and (4) axillary
temperature 38°C. O2 saturation was in the normal range,
96% on room air, and other physical examinations were
normal. He was on MMF 1500 mg, cyclosporine 150 mg
per day, and prednisolone 5 mg every other day. Lab tests
were as follows: (1) WBC 3.5 × 103/mm3 with 20% lympho-
cyte; (2) HB 10 gm/dL; (3) Platelets 320×103/mm3; and (4) Cr
1.5 mg/dL. Nasopharyngeal PCR was positive for SARS-CoV2.
The treatment was performed as before the case. MMF
was stopped until diarrhea recovers and cyclosporine with
prednisolone was continued. The patient was discharged
on the fourth day with a good general condition and im-
proved diarrhea with a decrease in creatinine to 0.8. The
patient was quarantined at home for two weeks to prevent
the spread of the infection. After two weeks, Nasopharyn-
geal PCR for COVID-19 was negative.

2.3. Case 3

An 18-year-old boy with a history of kidney transplan-
tation for five years due to a neurogenic bladder was
admitted to our pediatric nephrology clinic. He had a
fever, cough, mild diarrhea, and severe anorexia for two
weeks. At the time of admission, he had respiratory dis-
tress. SPO2 was 82% on room air, which increased to 95%
with supplemental oxygen using a face mask. Physical
examination showed tenderness at the transplanted kid-
ney site, conjunctivitis in both eyes, mild dehydration, and
crackles in the right lower lung. Urine output decreased
to 0.4cc/kg/hour. In primary lab tests, WBC was 2.5 ×
103/mm3, with 30% lymphocyte, HB 9 mg/dL, platelets 140
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× 103/mm3, Cr 5 mg/dL, and (pre-infection serum creati-
nine was 2.5 mg/dL). Nasopharyngeal PCR was positive for
SARS-CoV2. At the time of admission, while Chest X-Ray
(CXR) had no specific findings in the patient, the chest
computed tomography (CT) scan (Figure 1) showed the
pattern of COVID-19 pneumonia in the form of ground-
glass opacities in both lungs. He was admitted to our
nephrology ward. Initially, ceftriaxone was initiated for
the patient. However, on the third day, due to deteriora-
tion of the patient’s respiratory status and general condi-
tion, he was transferred to the intensive care unit (ICU)
for cardiopulmonary monitoring and hemodialysis, and
broad-spectrum antibiotics were prescribed and contin-
ued throughout the patient’s hospitalization despite all
the negative cultures in terms of the virus, bacteria, and
fungi. Lopinavir-ritonavir was then initiated. MMF and
cyclosporine were stopped, and corticosteroid increased
and changed to a stress dosage. Since acute febrile illness
causes minor stress, 30 - 50 mg/m2/day of hydrocortisone
(this amount increased 3 - 5 times in case prednisolone was
used) was given to the patient until the fever stopped, and
then, the drug was tapered and returned to the patient’s
previous consumption (14). The respiratory condition was
improved after one week, and the patient was transferred
to the ward. However, the graft was lost and he underwent
dialysis.

3. Discussion

Here, we reported three 13 - 18-year-old Iranian pedi-
atric kidney transplantation cases who acquired COVID-
19. Based on our study, pulmonary manifestations signif-
icantly worsen the prognosis compared to gastrointesti-
nal manifestations in pediatric kidney transplants with
COVID-19. COVID-19 can affect children and adults and is
more severe in people with underlying diseases. The most
important action in children with COVID-19 is supportive
care. Among these, the respiratory system is a priority (15).
No antiviral drug was specifically designed for the treat-
ment of diarrhea (16).

Some studies discussed the outcome of COVID-19 in
kidney transplant recipients. One short series (17) reported
eight cases of kidney transplant recipients infected with
COVID-19 (median age = 48.5 years; range = 21 - 71 years),
including four males and four females. The most com-
mon presenting features were fever and cough. One pa-
tient was managed on an outpatient and the remaining
seven patients were hospitalized. One of the hospital-
ized patients was admitted to intensive therapy and under-
went mechanical ventilation and continuous Veno-Venous
Haemodiafiltration (CVVH).

Kidney transplant recipients take immunosuppressive
drugs throughout their lives. Dose monitoring of im-
munosuppression (IS) is essential to balance the risk of
transplant rejection and infection. Immunosuppressive
therapy management is still unknown in pediatric kid-
ney transplant patients with COVID-19. After transplanta-
tion, immune system suppression, especially calcineurin
inhibitors (CNIs), reduces the adaptive T cell response
and thus increases the spread of the virus. On the other
hand, coronavirus N protein is a multifunctional protein
required for virus replication, and non-suppressive deriva-
tives of the cyclosporine reduce the expression of this pro-
tein (18).

Children with COVID-19 have milder respiratory symp-
toms than adults, or they may even be asymptomatic (1-
3). Although pulmonary manifestation is the most com-
mon presentation in children with SARS-CoV2 infection,
gastrointestinal manifestations such as diarrhea may also
occur in them (19). In a study conducted by Rahimzadeh
(20) on nine children with COVID-19, all children had at
least one infected family member. Fever, chills, myalgia,
cough, tachypnea, retraction, and crackle were common
in all cases. None of the patients presented with diarrhea
and vomiting. At least this study showed COVID-19 pneu-
monia prognosis was good in children with no underlying
diseases and the patients recovered without the need for
LPN/r, ribavirin, or mechanical ventilation. Kidney is an-
other organ involved in the Covid-19 pandemic. COVID-19
can cause acute kidney injury (AKI) in kidney transplant
recipients (21). In a study conducted in the same field
on seven adults, four of them had AKI (57%); three peo-
ple needed dialysis and one died (22). A study by Amina
showed that COVID-19 can cause kidney damage and pro-
teinuria was associated with an increased risk of AKI and
hematuria was associated with ICU admission, intrame-
chanical ventilation, and death (23).

A cross-sectional study was conducted on 71 pediatric
patients with COVID-19 infection. On admission, 10% of
patients had oliguria, 7.7% had edema, and 3% had hyper-
tension. The first urinalysis indicated proteinuria, leuko-
cyturia, and hematuria in 46, 24, and 23% of the patients,
respectively. Overall, 40.7% of the patients showed some
degree of kidney involvement during hospitalization, and
AKI occurred in 34.5% of the patients (24). The mecha-
nism of this damage can be virus interaction with the An-
giotensin Converting Enzyme-2 (ACE2) receptor in proxi-
mal renal tubules and glomeruli (25). However, the most
common cause of diarrhea after transplant is infections,
but it can also be due to medications. Since MMF can
cause ulcerative colitis, it accounts for approximately 50%
of drug-induced diarrhea (10-12).
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Figure 1. Chest CT of case 3

Management of immunosuppressive drugs in trans-
plant recipients infected with COVID-19 is challenging. Al-
though it may appear reasonable to reduce or discontinue
immunosuppressive drugs to fight infections, due to the
activation of the inflammatory cascade caused by COVID-
19 (26), the administration of immunosuppressive drugs
can be useful (13). However, this must be proven (27). Ac-
cording to studies reported so far, kidney transplant recip-
ients with mild COVID-19 should receive their CNI and glu-
cocorticoids as before, but their anti-proliferative drugs
such as MMF should be discontinued. However, in patients
who have severe symptoms that require ICU and ventila-
tor respiratory support, CNIs and anti-proliferative drugs
should be discontinued immediately, and glucocorticoid
doses may be increased (28). Common bacterial infections
were reported at admission in 3.5% of COVID-19 patients,
while up to 15% of secondary bacterial infections occurred
during hospitalization. To support the limited use of an-
tibiotics, cultures should be sent immediately, and antibi-
otics should be discontinued if cultures are negative and
there are no signs of bacterial pathogens. Antibacterial
therapy should be continued for patients with nosocomial
pneumonia, secondary bacterial respiratory infection and

under ventilators (29).

A recent study (30) showed that lopinavir (LPV) inhib-
ited SARS-CoV2 while the other antiviral drugs (such as rib-
avirin, favipiravir, oseltamivir, or baloxavir) showed no lab-
oratory effect at concentrations below 100 µmol. Public
health England’s recommendation is to use LPV to treat
SARS and the Middle East respiratory syndrome (MERS) (31,
32) because it is available and has a favorable toxicity pro-
file. Therefore, it is used in the treatment of patients with
COVID-19. LPV is an antiretroviral protease inhibitor and is
usually given in combination with low booster doses of ri-
tonavir because it reduces hepatic metabolism by inhibit-
ing cytochrome P450 3A4 enzyme, thereby increasing the
effectiveness of LPV (33).

In patients with reduced immunosuppressive drugs,
the time to return to the previous dose is also challeng-
ing and needs further studies. This report provided a brief
overview of the clinical course of COVID-19 in a patient re-
ceiving an immunosuppressive drug. A retrospective co-
hort study was done on 22 pediatric kidney transplant pop-
ulations at a New York transplant center. Patients had
a positive test (Ab or PCR) for SARS-CoV-2 and a compar-
ison between COVID-positive and COVID-negative trans-
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plant patients was performed. Results showed that pedi-
atric kidney transplant recipients are at risk for the devel-
opment of COVID-19 infection. While this population may
be more at risk for SARS-CoV-2 infection due to their im-
munosuppressed status, their clinical course appears mild
and similar to a healthy pediatric population (34). Fifty-
one patients underwent transplantation including 11 kid-
ney and 40 liver recipients. In the three months of follow-
up, two patients presented with symptoms including high-
grade fever, malaise, rhinorrhea, and GI symptoms. Both
patients had two negative PCR for COVID-19, and no radio-
logic or laboratory results regarding COVID-19 were also de-
tected. Therefore, transplant programs can continue their
activities during the COVID-19 epidemic disease by select-
ing a specific case and following protective protocols (35).

Therefore, it is thought that just as the incidence of
COVID-19 is lower and milder in healthy children than in
adults, it is also lower in children with immunodeficiency
and transplant recipients than in the same adult popula-
tion. Since our hospital is a referral center and the first
center to provide information about COVID-19 infection
in children with kidney transplantation in Iran, the small
number of patients shows that children are less involved
in the disease than adults. Therefore, to improve the treat-
ment cases, the experiences of other nephrologists and in-
fectious disease specialists should be used, both inside and
outside the country.

3.1. Conclusion

Gastrointestinal symptoms are an uncommon mani-
festation of COVID-19 in children with a good prognosis,
even in patients with underlying diseases. Pulmonary in-
volvement caused by COVID-19 also has a good prognosis
in children. However, the prognosis is inferior in patients
with underlying diseases requiring ventilator respiratory
support. Therefore, studies show that COVID-19 can affect
children, like adults. The question that arises is why this
disease affects children less severely. By answering this
question, a solution can be found to treat this disease. An-
other question is that why this disease is more prevalent in
males, according to various studies, including ours.
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