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Abstract
The study aims to present the incidence of COVID-19 in pediatric patients undergoing renal replacement therapy (RRT)
and to compare the severity and outcomes of the disease between the dialysis and kidney transplant (KTx) groups. This
multicenter observational study was conducted between 1 April and 31 December 2020 in Istanbul. Members of the Istanbul
branch of the Turkish Pediatric Nephrology Association were asked to report all confirmed cases of COVID-19 who were
on RRT, as well as the number of prevalent RRT patients under the age of 20. A total of 46 confirmed cases of COVID-19
were reported from 12 centers, of which 17 were dialysis patients, and 29 were KTx recipients. Thus, the incidence rate of
COVID-19 was 9.3% among dialysis patients and 9.2% among KTx recipients over a 9-month period in Istanbul. Twelve
KTx recipients and three dialysis patients were asymptomatic (p =0.12). Most of the symptomatic patients in both the
dialysis and KTx groups had a mild respiratory illness. Only two patients, one in each group, experienced a severe disease
course, and only one hemodialysis patient had a critical illness that required mechanical ventilation. In the entire cohort, one
hemodialysis patient with multiple comorbidities died.

Conclusion: While most cases are asymptomatic or have a mild disease course, pediatric patients undergoing dialysis and
a kidney transplant are at increased risk for COVID-19.

What is Known:

o In adult population, both dialysis patients and kidney transplant recipients are at increased risk for severe illness of COVID-19 and have
higher mortality rate.

o Children with kidney transplantation are not at increased risk for COVID-19 and most have mild disease course.

e Data on children on dialysis are scarce.

What is New:

e Pediatric patients undergoing dialysis and kidney transplantation have an increased risk for COVID-19.

e Most patients undergoing renal replacement therapy either on dialysis or transplanted develop asymptomatic or mild COVID-19 disease
with a favorable outcome.
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Abbreviations ESKD End-stage kidney disease
AKI Acute kidney injury KTx Kidney transplant
CKD Chronic kidney disease RRT Renal replacement therapy
COVID-19 Coronavirus disease 2019
Dx Dialysis

Introduction
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Y Currently, the overall mortality rate of COVID-19 is about
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2.1% worldwide [1], and this rate varies from country to
country, age, and specific patient groups. Uremia is a known
risk factor for impaired immune function as evidenced by
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an increased susceptibility to infections [2]. Evidence from
adult studies indicates that chronic kidney disease (CKD),
particularly end-stage kidney disease (ESKD), is associated
with severe illness and a high mortality rate of COVID-
19 [3]. Mortality rates rise to 32% among dialysis patients
[4-6]. Similarly, it has been reported that kidney transplant
(KTx) recipients have an increased risk of critical COVID-
19, with a remarkably high mortality rate of up to 28% [7, 8].

In contrast to adults, most evidence to date suggests that
children with advanced stages of CKD, dialysis, or a KTx
are not at high risk for COVID-19 and generally have a mild
disease course [9—-12]. Despite the growing data on COVID-
19, it is still of great importance to collect national and inter-
national data on this challenging disease from both children
and adults [13]. In Turkey, a nationwide study has shown
that the mortality rate is higher in hospitalized COVID-19
patients with stages 3—5 CKD, hemodialysis, and KTx than
in patients without kidney disease [14]. Therefore, in this
multicenter study we conducted in Istanbul, the most popu-
lated city in Turkey, we aimed to reveal the incidence of
COVID-19 in pediatric patients undergoing renal replace-
ment therapy (RRT) and to compare the disease course and
outcomes between the dialysis and KTx groups.

Materials and methods

This multicenter observational study was based on the data
collected from children and adolescents with COVID-19
who were undergoing RRT. The study was announced in
April 2020 following ethical approval (number 57697, April
29, 2020), and the patient registration form was sent to all
members of the Istanbul branch of the Turkish Pediatric
Nephrology Association. The members were requested to
submit all confirmed cases of COVID-19 (inpatients and
outpatients) under the age of 20 years who were receiving
dialysis and a KTx. The data collection was completed on
December 31, 2020. A total of 12 pediatric nephrology cent-
ers reported their COVID-19 cases during the study period.
In addition, these centers were asked to report all preva-
lent ESKD patients under the age of 20 who were either on
dialysis or having a functioning KTx that they have actively
followed up.

Patient registration forms included information on anthro-
pometric measurements, primary kidney disease, dialysis
duration and modality, transplant properties, comorbid con-
ditions, vaccination status for pneumococcus and influenza,
and medications. Regarding comorbid conditions, obesity
was defined as a height-specific body mass index above the
95th percentile according to the national pediatric growth
percentiles [15]. Hypertension was defined as an office blood
pressure greater than the 95th percentile according to age-,
sex-, and height-specific normative values in the Fourth
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Report [16]. Patients receiving antihypertensive medication
were also described as hypertensive.

COVID-19 was diagnosed by laboratory confirmation
using the reverse transcriptase-polymerase chain reaction or
serology tests. The possible source of COVID-19, presenting
symptoms, clinical, radiological, and available laboratory
findings at the time of diagnosis, drug therapy, and outcomes
was documented. The severity of the disease was classified
as mild, moderate, severe, or critical illness [17]. The num-
ber of patients with the multisystem inflammatory syndrome
(MIS-C) was also reported. Acute kidney injury (AKI) was
defined for KTx recipients as an increase of serum creatinine
by 0.3 mg/dL or 50% from baseline within 7 days, accord-
ing to the Kidney Disease: Improving Global Outcomes
[18].

Statistical analyses were performed using SPSS version
21.0 (IBM, Armonk, NY, USA). Data were analyzed by
descriptive statistics and presented as a median [(quartile
1 (Ql)—quartile 3 (Q3)] or number (percentage). The two
groups were compared using the Mann—Whitney U test or
Fisher’s exact test. Statistical significance was defined as a
two-tailed p value <0.05.

Results

A total of 46 confirmed cases of COVID-19 were reported
from 12 centers between April 1 and December 31, of which
29 were KTx recipients and 17 were dialysis patients (10
hemodialysis and seven peritoneal dialysis). Table 1 shows
the demographics and clinical characteristics of the study
population. There was no difference in age, gender, primary
kidney disease, or comorbid conditions between the dialysis
and KTx groups. Transplant-specific features are also sum-
marized in Table 2.

Incidence of COVID-19

The total number of prevalent patients reported by the 12
centers was 182 for dialysis and 314 for KTx. As shown in
Fig. 1, confirmed cases of COVID-19 throughout a 9-month
period represented 9.3% of prevalent dialysis patients and
9.2% of prevalent KTx recipients. Two-thirds of the cases
(n=33) were diagnosed between September and December
2020.

Clinical course and treatment

Table 3 shows COVID-19-specific characteristics of the
patients in comparison between the two groups. Fever
was the most common presenting symptom in the dial-
ysis group (9/17); however, it was less common in the
KTx group (7/29) (p=0.06). Fifteen patients were
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Table 1 The demographics and

o e KTx group Dx group P value
Chr.ncal characteristics of the n=29 n=17
patients
Age*, years 13.0 (10.5-18.2) 13.7 (7.2-17) 0.67
Sex, female/male, n 14/15 6/11 0.54
RRT duration®, months 24.4 (5.2-63.8) 15.9 (10.0-23.1) 0.18
Primary kidney disease, n 0.46
CAKUT 9 7
Glomerular disease 8 6
Ciliopathies 8 2
Others 4 2
Comorbid conditions, n
Hypertension 18 12 0.75
Obesity 9 1 0.07
Other comorbid conditions 6 8 0.10
Pulmonary disease 3 1
Cardiac problems 1 3
Malignancies 2 2
Others 0 2
Vaccination status, n
Pneumococcus 19 11 1.0
Influenza 11 3 0.25

KTx kidney transplantation, Dx dialysis, RRT renal replacement therapy, CAKUT congenital anomalies of

the kidney and urinary tract

“Data presented as median (quartile 1-quartile 3)

asymptomatic in the cohort; all had been tested due to
close contact with a person with confirmed COVID-19.
The asymptomatic disease was more common in the KTx
group than in the dialysis group, but the difference was
not statistically significant (12/29 vs. 3/17, p=0.12). In

Table 2 Transplant-specific properties of 29 kidney transplant recipi-
ents

Donor type, living/deceased, n 25/4

Number of HLA mismatches® 3.0 (3.0-4.0)

Time from transplantation®, months 24.4 (5.2-64.8)

Induction therapy, n

ATG 10
Basiliximab 14
None 5

Maintenance immunosuppression, n
PRED + TAC + Mycophenolate (MMF/MPA) 25

PRED + TAC+ mTORi 2
PRED +CsA + MMF 1
TAC+MMF 1

HLA human leukocyte antigen, ATG anti-thymocyte globulin, PRED
prednisolone, TAC tacrolimus, MMF mycophenolate mofetil, MPA
mycophenolate sodium, mTORi the mammalian target of rapamycin
inhibitor, CsA cyclosporine

*Data presented as median (quartile 1-quartile 3)

both groups, most of the symptomatic patients had a mild
pulmonary illness. Severe respiratory symptoms requiring
oxygen support were uncommon. Only two patients, one in
each group, experienced a severe disease course, and only
one hemodialysis patient had a critical illness that required
mechanical ventilation.

Twenty-two patients received antiviral treatment
according to the national treatment strategy, and 12
patients received antibiotics. In addition, the immunosup-
pressive therapy was modified in 18 KTx recipients. The
most common modification was withdrawal or dose reduc-
tion of mycophenolate. The treatment details are shown
in Table 3.

Outcomes

The hospitalization rate was significantly higher among
dialysis patients than among KTx recipients (14/17 vs.
8/29, p=0.001); however, the median length of hospital
stays did not differ between the dialysis and KTx groups
[11.5 days (4.8-16.3) vs. 6.5 days (5.25-21.0), p=0.64]. A total
of three patients were admitted to the intensive care unit;
one of them was due to critical illness of COVID-19 in the
dialysis group, and the other two were due to MIS-C in the
KTx group. One patient who was receiving hemodialysis
died during the study period. This patient had an immune
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Fig. 1 Flowchart of the study
population. RRT renal replace-
ment therapy, KTx kidney
transplantation, Dx dialysis

1st April — 31st December 2020
From 12 pediatric nephrology centers in Istanbul

Data collection
Children on RRT

!

!

All prevalent children with KTx
From 8 centers

All prevalent children on chronic Dx
From 10 centers

n=314 n=182
COVID-19 (+) COVID-19 (+)

n=29 n=17

(9.2%) (9.3%)

deficiency and constrictive pericarditis and a history of bone
marrow transplantation for aplastic anemia.

Renal outcome in KTx recipients

Two patients had proteinuria, but none had hematuria. There
was a significant increase in median serum creatinine from
baseline [0.84 mg/dL (0.67-1.10)] to peak level [0.95 mg/
dL (0.70-1.30)] in 22 KTx recipients who had available data
(p=0.003). Acute kidney injury developed in 8 out of 22
KTx recipients; all had AKI stage 1. There was no difference
between the patients with or without AKI in terms of sex,
age, comorbidity, medications, or disease severity; however,
the hospitalization rate was significantly higher in patients
with AKI (6/8 vs. 2/14) (p=0.008).

Discussion

This multicenter study from Istanbul provided an important
opportunity to determine the incidence of COVID-19 in a
cohort of pediatric patients receiving RRT over 9 months
and to compare disease severity and outcomes between the
dialysis and KTx groups. Our results reveal that the inci-
dence of COVID-19 is higher in pediatric patients with RRT,
either dialysis or a KTx, than in the general pediatric popula-
tion. Our study also shows that most patients in both groups
develop asymptomatic or mild forms of the disease with a
favorable outcome, and death is exceptional.

It is challenging to determine and effectively compare
the incidence of COVID-19 due to differences in testing
strategies between countries and centers and the presence
of many asymptomatic cases. The ERA-EDTA registry
showed that the incidence of diagnosed COVID-19 was 1.4%
in KTx recipients and 2.9% in the dialysis population at the
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beginning of the pandemic [5]. For children with ESKD
(on dialysis or transplanted), the Spanish Pediatric Associa-
tion estimated an incidence of COVID-19 of 0.61% [10].
Similarly, the Improving Renal Outcome Collaboratives
(IROC) registry reported an overall incidence of COVID-
19 of 0.6% among pediatric KTx recipients and 4.4% among
tested KTx recipients during the study period of April to
September 2020 [19]. Our results demonstrated that the
incidence of COVID-19 was 9.3% among dialysis patients
and 9.2% among KTx recipients during the first 9-month
period of the pandemic; of note, two-thirds of patients were
diagnosed between September and December. Considering
the overall rate of the disease was 1.2 (1-5)% around the
world on December 31 [1], and lower infection rates for
children than adults, our result revealed that the incidence of
COVID-19 was higher in pediatric RRT patients with either
dialysis or a KTx than in the general pediatric population.
Consistent with adult studies, but unlike previous pediatric
studies, our study shows that children and adolescents with
ESKD have an increased risk of COVID-19. We think that
this high incidence rate of COVID-19 in our cohort cannot
be explained by the disease-specific factors alone, such as
the uremic environment, chronic immunosuppression, and
higher risk of infection exposure caused by ongoing clini-
cal care. Screening of asymptomatic patients with a contact
history due to serious illness concerns may also be a con-
tributing factor to this high rate. On the other hand, it is
considered that regional factors may also affect our results.
Istanbul, which is the most populous city in Turkey, has
been one of the riskiest cities during the pandemic. There-
fore, living conditions in Istanbul, crowded households, and
low socioeconomic status may also have contributed to the
higher incidence rate of COVID-19 in this cohort.

Children are most likely to develop asymptomatic or mild
disease due to COVID-19 [15, 20]; however, selected pediatric
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Table3 COVID-19 specific features and treatment details in the
study population

KTx group Dx group
n=29 n=17

Diagnosis of COVID-19, n

Positive PCR test 27 17

Positive IgM test 2 0
Possible source of COVID-19, n

Household 22 10

Healthcare 0

Unknown 7 5
Presenting symptoms, n

Fever 7 9

Cough 7 2

Weakness or myalgia 9 6

Headache 5 4

Gastrointestinal symptoms 5 2

Upper respiratory tract symptoms 3 4

Shortness of breath or hypoxia 4 2
Severity of the disease, n

Asymptomatic disease 12 3

Mild disease 14 12

Moderate disease 2 0

Severe disease 1 1

Critical illness 0 1
Abnormal radiologic findings, n/N 8/19 6/15
Lymphopenia (< 1500 cells/uL), n/N 9/22 10/16
Respiratory support, n

No respiratory support 26 15

Oxygen treatment 3 1

Mechanical ventilation 0 1
Drug treatment, n

Favipiravir 12 3

Hydroxychloroquine 2 5

Antibiotics* 4 8

Oseltamivir 1 0

IVIG 3 1
Immunosuppressive modification, n 18

Mycophenolate withdrawal 9

Mycophenolate dose reduction 9

TAC withdrawal or dose reduction 2

Increase in steroid dose 4
Hospitalization**, n 8 14
ICU admission, n 3 1
Outcome, n

Recovery 29 16

Death 0 1

KTx kidney transplantation, Dx dialysis, PCR polymerase chain reac-
tion, IVIG intravenous immunoglobulin, TAC tacrolimus, ICU inten-
sive care unit

*P=0.019; **P=0.001 using Fisher’s exact test, other parameters
did not differ between the two groups

populations with high rates of comorbidities may have a con-
siderable clinical course [21]. Previous reports demonstrated
that most children with CKD or a functioning KTx had a mild
or moderate illness of COVID-19 [9-12, 19, 22]. The IROC
registry reported that 37% of KTx children were asymptomatic
[19]. In our cohort, a significant number of KTx recipients
developed an asymptomatic disease, and most symptomatic
patients in both groups had mild forms of the disease. Severe
respiratory symptoms were uncommon. Although patients in
both groups had similar severity of COVID-19, the hospitaliza-
tion rate was much higher among dialysis patients than among
KTx recipients. This difference may be explained by a high
proportion of asymptomatic disease in KTx recipients.

Early evidence of the pandemic revealed a high mortal-
ity rate of up to 32% in adult patients on RRT, which was
strongly associated with older age and comorbidities [5, 7,
23-25]. Comparing to adults, the pediatric population had
lower rates of COVID-19-associated mortality. According
to a multicenter European Study, the reported mortality rate
of COVID-19 is 0.7% among the general pediatric popula-
tion [26]. This rate ranges from 0 to 3.5% in children with
coexisting kidney disease [9, 10, 12, 22]. In our cohort, one
hemodialysis patient who had severe comorbidities died
from COVID-19. This finding contributes additional evi-
dence that death is quite exceptional in the pediatric popula-
tion, but patients with comorbidities may have an increased
risk for mortality from COVID-19.

Previous studies have demonstrated that COVID-
19-associated AKI develops in 27 to 52% of KTx recipi-
ents [23, 24, 27-29]. In our cohort, eight out of 22 KTx
recipients demonstrated AKI; none required dialysis.
However, it is important to note that the hospitalization
rate was higher in transplanted patients with AKI than
in patients without AKI. Another challenge posed by
the COVID-19 pandemic for KTx recipients has been to
maintain optimal immunosuppressive therapy. It is rec-
ommended to continue their calcineurin inhibitors and
glucocorticoids and stop anti-proliferative drugs [30]. In
our cohort, two-thirds of KTx recipients had a change
in their immunosuppressive regimen. All of these had
a modification in mycophenolate as an anti-proliferative
drug. Mycophenolate withdrawal was preferred in half,
while mycophenolate dose reduction was performed in
the other half. None of our KTx recipients experienced
allograft rejection, serious bacterial infections, or critical
illness during COVID-19.

Our study has several limitations. First, we did not have
any control group of the general pediatric population with
COVID-19 from Istanbul to compare the infection rate and
disease course to minimize regional differences. Another
limitation is that we could not obtain any information regard-
ing how many children with RRT were tested for COVID-19.
Lastly, some variation may have been introduced due to the
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multicenter design since individual centers had their own
indications for hospitalization and different approaches for
the immunosuppressive modifications in KTx recipients.

Conclusion

The incidence of COVID-19 is higher in pediatric patients
who receive dialysis or a KTx than in the general pediatric
population. At the same time, most cases are asymptomatic
or have a mild disease course. Our study also contributes
additional evidence that patients with severe comorbidities
may have a high risk of mortality. More comprehensive and
collaborative reports are needed to elucidate the course and
impact of COVID-19 in this patient population.
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