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Abstract

Background Information on the course of SARS-CoV-2 infection in children with chronic kidney disease (CKD) is limited.
Methods We retrospectively reviewed the presentation and outcomes of SARS-CoV-2 infection in patients with CKD fol-
lowed at any of the four pediatric nephrology centers in New Delhi from April 2020 to June 2021. Outcomes, including
cardiopulmonary and renal complications, were reported in relation to underlying disease category and illness severity at
presentation.

Results Underlying illness in 88 patients included nephrotic syndrome (50%), other CKD stages 1-4 (18.2%), CKD 5D
(17%), and CKD ST (14.8%). Thirty-two of 61 patients with symptomatic COVID-19 and 9/27 asymptomatic patients were
admitted for median 10 (interquartile range 7-15) days. Seventeen (19.3%) patients developed moderate or severe COVID-
19. Systemic complications, observed in 30 (34.1%), included acute kidney injury (AKI, 34.2%), COVID-19 pneumonia
(15.9%), unrelated pulmonary disease (2.3%), and shock (4.5%). Nineteen (21.6%) had severe complications (AKI stage
2-3, encephalopathy, respiratory failure, shock). Eight (11%) of twelve (16.4%) patients with severe AKI required dialysis.
Three (3.4%) patients, two with steroid-resistant nephrotic syndrome in relapse and one with CKD 1-4, died due to respira-
tory failure. Univariate logistic regression indicated that patients presenting with nephrotic syndrome in relapse or moderate
to severe COVID-19 were at risk of AKI (respective odds ratio, 95%CI: 3.62, 1.01-12.99; 4.58, 1.06-19.86) and/or severe
complications (respective odds ratio, 95%CI: 5.92, 1.99-17.66; 61.2, 6.99-536.01).

Conclusions Children with CKD presenting with moderate-to-severe COVID-19 or in nephrotic syndrome relapse are at
risk of severe complications, including severe AKI and mortality.
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Introduction

The pandemic of coronavirus disease (COVID-19), caused
by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), is considered to be less widespread and serious in
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Association during March—July 2020 [8]. However, South
Asia was likely under-represented because the pandemic
affected the region several weeks later than China, Europe
and North America. Two distinct waves of the pandemic
were observed in India during 2020-21, with cases peaking
in September 2020 and May 2021 (Supplementary Fig. 1).
Preliminary reports of COVID-19 in Indian children show
that the features are similar to those reported elsewhere
[12]. We describe here the clinical features and outcomes
of consecutive children with CKD who were diagnosed with
SARS-CoV-2 infection at four academic centers in New
Delhi from April 2020 to June 2021.

Methods

We reviewed the case records of consecutive
patients < 18 years old with pre-existing CKD and labo-
ratory confirmed SARS-CoV-2 infection, detected at any
of four pediatric nephrology centers in New Delhi during
the pandemic. Indications for testing patients for SARS-
CoV-2 infection included: (i) clinical features suggestive of
COVID-19 (fever, cough, dyspnea, rhinorrhea, sore throat,
diarrhea, myalgia, anosmia or ageusia); (ii) close contact
(within 6-ft of an infected person for 15 min or longer) with
an individual diagnosed with SARS-CoV-2 infection [13];
or (iii) admission for management of underlying disease.
Patients with SARS-CoV-2 infection who developed AKI
during hospital stay, but lacked evidence of pre-existing
kidney disease, were excluded. Institutional review boards
at participating centers approved the study and waived the
need for parental or patient consent.

Testing for SARS-CoV-2 infection was performed
on nasal and oropharyngeal swabs using reverse tran-
scriptase polymerase chain reaction (RT-PCR) or rapid
antigen test (Standard Q COVID-19 Ag kit, SD Biosen-
sor, Gyeonggi-do, Korea), as recommended by the Indian
Council of Medical Research (ICMR) [14] and Cent-
ers for Disease Control [15]. Given the low sensitivity
(85.0%; 95%CI 78.3-90.2%) and high specificity (98.9%;
95%CI 98.3-99.4%) of the antigen test, patients with nega-
tive, but not positive, test results underwent retesting by
RT-PCR. Retesting for SARS-CoV-2 by RT-PCR, after
at least 3 days of confirmed infection, was restricted to
patients in whom there was a proposed change in immu-
nosuppressive therapy, or transfer to another hospital for
hemodialysis, or were being considered for discharge but
isolation at home was not possible. COVID-19 case defini-
tion and its categorization into mild, moderate, or severe
disease followed the national guidelines (Supplementary
Table 1) [16]. Indications for hospital admission were (i)
symptomatic infection, particularly in an immunosup-
pressed host, (ii) management of the underlying illness,
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and (iii) inability to ensure home isolation. These patients
were managed in separate COVID-19 facilities as per cur-
rent standard of care [16]. Shock, sepsis, acute respiratory
distress syndrome (ARDS), and acute kidney injury (AKI)
were diagnosed and managed using standard guidelines
[16—18]. The prevalence of AKI, severe AKI (KDIGO
stages 2 and 3), and kidney replacement therapy (KRT)
[18, 19] is reported for patients not already on mainte-
nance dialysis. Hemodialysis was provided at two centers
dedicated to patients with SARS-CoV-2 infection, fol-
lowing standard recommendations [20, 21]. The effluent
of peritoneal dialysis was discarded as per International
Society of Peritoneal Dialysis recommendations [22].

Following detection of SARS-CoV-2 infection and for
2 weeks afterwards, immunosuppressive therapy was mod-
ified, with minor variations, as follows: (i) if on corticos-
teroids currently or within the last year, prednisolone was
administered at a dose of 0.5 mg/kg daily for 1 week, (ii)
dose of mycophenolate mofetil was reduced by 25-33%;
(iii) cyclophosphamide administration was stopped; and
(iv) therapy with calcineurin inhibitors (CNI, cyclosporine
or tacrolimus) was continued [23]. Therapy with angio-
tensin converting enzyme inhibitor or angiotensin recep-
tor blocker was continued, except in the presence of AKI.
Policies on therapy for COVID-19 varied over time, with
non-uniform use of hydroxychloroquine, azithromycin,
ivermectin, remdesivir, tocilizumab, and convalescent
plasma.

Data on clinical and laboratory findings were reviewed
from medical records for details of pre-planned parameters
viz. underlying disease, severity of COVID-19 and asso-
ciated complications, testing methods for SARS-CoV-2
virus and duration of RT-PCR positivity, therapy received
and duration of hospital stay. Underlying CKD was cat-
egorised as nephrotic syndrome, other kidney diseases
with CKD stage 1-4, CKD 5D, and CKD 5T. In patients
with nephrotic syndrome, the presence of nephrotic-range
proteinuria at evaluation at onset, relapse or following
non-response to immunosuppression, was considered as
‘relapse’.

Patients were followed up until discharge, death or
4weeks after diagnosis of COVID-19, whichever was earlier.
Hypertension was defined using standard guidelines [24].
Estimated glomerular filtration rate (¢éGFR) was calculated
using the modified Schwartz formula [25]. Data is summa-
rized as median (interquartile range, IQR) and proportions
(95% confidence interval, CI) using Stata software, version
14.2 (Stata Corp., College Station, TX). Univariate logistic
regression was performed post hoc to examine the asso-
ciation between baseline features and occurrence of AKI
or severe complications (AKI stages 2-3, shock, respira-
tory distress requiring invasive or non-invasive ventilation,
encephalopathy, or death).
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Results

We report 88 patients (67 boys) with CKD and median
age 10 (IQR 6-15) years, who presented between 21 April
2020 and 11 June 2021 (Table 1, Supplementary Fig. 1).
Over half the cases were managed at one center; eight
patients required inter-hospital transfer for hemodialysis
at facilities dedicated for patients with COVID-19. SARS-
CoV-2 infection was identified by RT-PCR in 83 patients
and rapid antigen test in 5 patients. Twenty-seven asymp-
tomatic patients were detected on screening performed
at hospital admission for reasons apparently unrelated to

COVID-19 (n=9), low-risk contact with infected individ-
ual at hemodialysis facility (n=7), or high-risk contact
with family member (n=11). Symptoms, in 61 patients,
included fever (59.1%), cough (38.6%), respiratory distress
(15.9%) and diarrhea (10.2%). At onset, the illness was
categorized as mild, moderate and severe in 51, eight and
two patients, respectively (Table 1). Nephrotic syndrome
was the most common underlying diagnosis (n =44), with
24 (54.5%) of them in relapse, and 27 (61.4%) having
steroid-sensitive illness. Twenty-eight patients were on
KRT, including 14 patients on maintenance hemodialy-
sis, one on automated peritoneal dialysis and 13 recipi-
ents of kidney transplantation. Supplementary Table 1 and

Table 1 Baseline characteristics

. 1 . Parameter N (%)
of patients with kidney disease
and SARS-CoV-2 infection Boys 67 (76.1)
(n=388) Age, years 10 (6-15)
Presentation
Asymptomatic 27 (30.7)
Symptomatic 61 (69.3)
Fever 52 (59.1)
Cough 34 (38.6)
Respiratory distress 14 (15.9)
Diarrhea 9(10.2)
Clinical severity of COVID-19 [16]
Asymptomatic 27 (30.7)
Mild 51(57.9)
Moderate 8(9.1)
Severe 2(2.3)
Underlying disease
Patients not on kidney replacement therapy 60 (68.2)
Nephrotic syndrome (relapse/remission) 44 (24/20)
Steroid sensitive (relapse/remission) 27 (14/13)
Steroid resistant (relapse/remission) 17 (10/7)
CAKUT (Reflux nephropathy/pelviureteric junction obstruction/PUV) 5(2/2/1)
Others (HUS, cystic kidneys, Lowe syndrome, Takayasu aortoarteritis, lupus) 11 (3/3/2/2/1)
Patients on kidney replacement therapy 28 (31.8)

Chronic kidney disease 5D (CAKUT/HUS/FSGS/IgA nephropathy/unknown)

Chronic kidney disease 5 T (CAKUT/neurogenic bladder/chronic GN/familial
hypomagnesemia hypercalciuria and nephrocalcinosis / unknown)

Current immunosuppression
Prednisolone
Mycophenolate mofetil
Calcineurin inhibitors (<3 months back)
Cyclophosphamide (< 4 weeks back)
IV rituximab (< 6 months back)
Estimated glomerular filtration rate (¢GFR), ml/minute per 1.73 m?

15 (5/3/2/2/3)
13 (5/2/2/1/3)

50 (56.8)
40

17

25

3

2

81.9 [39.8-104.1]

Data is shown as n (%) or median [interquartile range]; CAKUT congenital anomalies of the kidney and
urinary tract; FSGS, focal segmental glomerulosclerosis; GN, glomerulonephritis; HUS, hemolytic uremic

syndrome; IV, intravenous; PUV, posterior urethral valves

“Excluding 15 patients already on dialysis; eGFR at presentation calculated using modified Schwartz for-

mula based on serum creatinine at diagnosis of SARS-CoV-2 infection
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Supplementary Figs. 2 and 3 provide details of underlying
disease in relation to COVID-19 severity at presentation.

Fifty (56.8%) patients were either receiving, or had
recently discontinued immunosuppressive drugs (Table 1).
Medications included prednisolone (n =40), CNI (n=25),
or mycophenolate mofetil (n=17); three patients had discon-
tinued therapy with CNI <2 months back (Supplementary
Table 2). Patients included 32 with nephrotic syndrome and
13 allograft recipients, transplanted more than 1 year pre-
viously and on stable immunosuppression (Supplementary
Table 2). Two of three patients with anti-factor H associated
hemolytic uremic syndrome on hemodialysis were receiving
oral prednisolone and IV cyclophosphamide, while the third
was on maintenance oral prednisolone and mycophenolate
mofetil. One patient with steroid-resistant nephrotic syn-
drome on maintenance hemodialysis had received rituximab
4 months prior for desensitization in preparation for living
related kidney transplantation. One patient with severe flare
of lupus, while on therapy with mycophenolate mofetil and
prednisolone, had received high dose methylprednisolone,
intravenous immunoglobulin (IVIG) and one dose of rituxi-
mab (750 mg/m?) 2 weeks prior to admission. Seven patients
treated with IV rituximab 2—4 years prior were not deemed
immunosuppressed.

Course and complications

Twenty-nine patients with COVID-19 symptoms and 18
asymptomatic patients were managed at home (Supplemen-
tary Figs. 2 and 3). Thirty-two patients were admitted for
monitoring of symptomatic COVID-19 and nine were admit-
ted for complications of the underlying illness, including
five patients with nephrotic syndrome and anasarca, and two
patients each with severe anemia and asymptomatic allo-
graft dysfunction. Admission to the intensive care unit was
indicated in 18 patients for moderate to severe COVID-19
(n=28), monitoring for AKI (n=6) or anasarca (n=3), and
respiratory distress due to pulmonary tuberculosis (n=1).
Five of the eight patients who presented with moderate to
severe COVID-19 and admitted to the intensive care unit
had underlying CKD 1-4, while two were kidney allograft
recipients and one patient had relapse of steroid-dependent
nephrotic syndrome. Seven patients with nephrotic syn-
drome in relapse were admitted with asymptomatic or mild
COVID-19 and evolved to moderate or severe COVID-19
during hospital stay (Supplementary Figs. 3—4; Supplemen-
tary Tables 1 and 3).

Pulmonary, hemodynamic, and/or renal complications
were observed in 30 (34.1%) patients. Pulmonary disease,
observed in 16 (18.2%) cases, included 14 patients with
COVID pneumonia; 7 of whom were in relapse of nephrotic
syndrome with five requiring mechanical ventilation and two
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non-invasive ventilation, 3 were CKD 1-4 with one each
receiving invasive and non-invasive ventilation and face
mask oxygen, 2 were CKD 5T on non-invasive ventilation
and 2 patients with CKD 5D managed on supplemental oxy-
gen (Table 2, Supplementary Table 3 and Supplementary
Fig. 4b). One patient with steroid-dependent nephrotic syn-
drome with severe AKI and fluid overload was mechanically
ventilated for pulmonary edema while another with CKD 5D

Table2 Outcomes of children with kidney diseases affected by
COVID-19 (n=288)

Parameter N (%)
Hospital admission” 41 (46.6)
Admission to intensive care unit 18 (20.4)
Maximal clinical severity of COVID-19

Asymptomatic 25 (28.4)

Mild 46 (52.3)

Moderate 9(10.2)

Severe 8(9.1)
Maximal respiratory support required

Oxygen by face mask 5

High flow nasal cannula 5
Mechanical ventilation 6
Vasopressor support 4.(4.5)
Acute kidney injury” 25(34.2)

Stage 1 138

Stage 2 2

Stage 3 10

Need for kidney replacement therapy 8
Outcome

Discharge; well at home (not admitted) 38; 48

Death 3(34)

Re-admission 2

Duration of hospital stay, days 10 (7-15)

Outcomes in patients with AKI n=25)
Continued need for kidney replacement therapy 2
Estimated GFR*, ml/min/1.73 m> 65.6 [40-84.3]

Hypertension; proteinuria (new onset)® 2;2
Retesting for clearance of infection 33

Time to negative test result, days 15 (8-24)

Persistent positive for > 14 days 18 (54.5)

Persistent positive for >21 days 11 (33.3)

Persistent positive for > 6 weeks 309.1)

Data reported as n (%) or median [interquartile range]

#Included 9 admissions for problems apparently unrelated to COVID-
19 (anasarca in 5 patients with nephrotic syndrome; asymptomatic
allograft dysfunction and severe anemia in two patients each);
“assessed only in patients not already on dialysis; *4 patients were not
admitted and recovered with oral hydration at home; *eGFR calcu-
lated using modified Schwartz formula [25] based on serum creati-
nine at discharge in patients not on dialysis; ®hypertension defined as
per clinical practice guidelines of the American Academy of Pediat-
rics 2017 [24]
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and pulmonary tuberculosis received supplemental oxygen.
Although they were SARS-CoV-2 positive, the respiratory
worsening appeared unrelated to COVID-19.

Shock was noted in four patients, including three with
nephrotic syndrome in relapse and one with CKD 4. A
6-year-old patient with steroid-dependent nephrotic syn-
drome presented with seizures and encephalopathy and
developed shock within 6 h of admission; shock recovered
and sensorium improved following aggressive inotropic sup-
port, mechanical ventilation and antibiotics. Two patients
with steroid-resistant nephrotic syndrome and with persis-
tent viral shedding developed refractory shock on days 7
and 66 of hospital stay and died within hours; shock was
considered secondary to fulminant bacterial sepsis in the
latter patient. A 15-year-old girl with CKD 4 secondary to
reflux nephropathy was mechanically ventilated at presenta-
tion with severe ARDS and shock; the child died 6 days later
due to ARDS and refractory shock.

AKI was present in 25 children, 21 of whom were admit-
ted. Sixteen children had AKI at admission, including seven
patients with nephrotic syndrome in relapse, four patients
with CKD 1-4 and five transplant recipients. Four patients,
including two each with steroid-sensitive nephrotic syn-
drome in relapse and CKD 1-4, developed AKI after a
median 3 (IQR 2.75-3.5) days of hospital stay; one patient
with steroid-resistant nephrotic syndrome developed AKI
6 weeks after admission secondary to bacterial sepsis and
multiorgan dysfunction. Two transplant recipients and two
patients with steroid-resistant nephrotic syndrome who were
isolated at home developed stage 1 AKI, which resolved
spontaneously. Supplementary Fig. 4c and Supplementary
Table 4 indicate the evolution of AKI based on disease cat-
egory and disease severity at presentation. Twelve patients
had severe AKI (stages 2-3), including seven patients with
relapse of nephrotic syndrome, and five with CKD 1-4
(Table 2, Supplementary Table 4). Eight of these 12 patients
required KRT (seven hemodialysis, one peritoneal dialysis).
For patients not already on dialysis, the prevalence (95%
CI) of AKI, severe AKI and KRT were estimated at 34.2%
(24.4-45.7%), 16.4% (9.7-26.6%), and 11% (5.7-20.2%),
respectively. Similarly, the prevalence (95% CI) of AKI,
severe AKI and KRT for patients admitted to the intensive
care unit were 83.3% (60.8-94.2%), 55.6% (33.7-75.4%),
and 38.9% (20.3-61.4%), respectively.

Immunosuppression and specific
management

Immunosuppression was modified for 30 patients, including
stress dosing of corticosteroids (n=23), reduction or discon-
tinuation of mycophenolate mofetil (n = 6), stopping therapy
with calcineurin inhibitors (n=4), and cyclophosphamide

(n=3). Thirty-six patients received empiric therapy for
SARS-CoV-2 infection, including azithromycin (n=28),
ivermectin (n="7), remdesivir (n=15), hydroxychloroquine
(n=3), and convalescent plasma and IV tocilizumab (one
each).

Outcomes

Three out of 88 patients, two with steroid-resistant nephrotic
syndrome in relapse and one with CKD 1-4, died, leading
to an estimated mortality of 3.4% (95% CI 1.2-9.6%) (Sup-
plementary Fig. 4d). Death was attributed to ARDS due to
COVID-19 in two children; the third patient, in addition to
being SARS-CoV-2 positive until death, had superadded
bacterial sepsis. The remaining 38 patients were discharged
after median stay of 10 (7-15) days without any cardiopul-
monary sequelae (Supplementary Figs. 2—4 and Supplemen-
tary Tables 3—4). Of the 47 patients isolated at home, four
developed AKI stage 1, which resolved spontaneously; oth-
ers recovered without complications.

The median time to SARS-CoV-2 RT-PCR negative test
result, in 33 patients, was 15 (8-24) days. Eleven patients,
four with relapse of steroid-resistant nephrotic syndrome,
three each with CKD 5D and CKD 5T, and one with Lowe
syndrome showed viral shedding beyond 3 weeks; eight of
these were immunosuppressed. Persistent viral shedding
beyond 6 weeks was seen in one patient each with steroid-
resistant nephrotic syndrome, CKD 5T and CKD 5D; the
latter was not on immunosuppression. Two patients with
steroid-resistant nephrotic syndrome were readmitted for
anasarca and severe AKI with positive RT-PCR; while one
had tested negative by RT-PCR at prior discharge on day 14,
the test was persistently positive in the other patient until his
death on day 66.

For admitted patients not already on dialysis, the eGFR
increased from 81.9 (39.8-104.1) ml/min/1.73 m? at presen-
tation to 90.2 (56.3-109.4) ml/min/1.73 m? at last follow-up
(P=0.008) (Table 1). Similarly, the eGFR in patients with
AKI increased from 33.3 (25.5-56.5) to 65.6 (40—84.3) ml/
min/1.73 m? at last follow-up (P=0.0001) (Table 2). Six of 8
patients who required KRT during admission could discon-
tinue dialysis; two patients died while on dialysis.

Determinants of outcomes

The duration of hospital stay (n=41) and viral shedding
(n=33) were unrelated to sex, age, COVID-19 symptoms,
underlying disease, immunosuppression or presence of com-
plications. Univariate logistic regression suggested that pres-
entation with moderate to severe COVID-19 or in relapse of
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nephrotic syndrome were associated with occurrence of AKI
and severe complications (Table 3).

Discussion

We describe the presentation and outcomes of SARS-CoV-2
infection in 88 pediatric patients with CKD managed at four
academic centers in New Delhi over a period of 14 months.
The incidence of cases corresponded to the peaks of the two
waves of the pandemic in 2020 and 2021 (Supplementary
Fig. 1). The chief underlying illness was nephrotic syndrome
in half the patients and included children in remission as
well as relapse. Half the patients were immunosuppressed
and one third were either receiving chronic dialysis or had
received a kidney allograft in the past. Two thirds of patients
were symptomatic, chiefly with fever or respiratory symp-
toms, and one-fifth required respiratory support. Although
one-third of patients not already on maintenance dialysis
developed AKI, only one-third of those who developed AKI
required KRT. While the majority of patients with CKD
recovered from SARS-CoV-2 infection, three patients died,
secondary to multiorgan failure and systemic sepsis. Our
findings suggest that patients with CKD who present with
moderate to severe COVID-19 or with relapse of nephrotic
syndrome were at risk of severe complications, including
AKI and mortality.

Systematic reviews describe more severe COVID-19 dis-
ease and higher rates of adverse outcomes, including AKI
and mortality, in adult patients with CKD [4, 24-27]. In con-
trast, studies in children with CKD, summarized in Table 4,
indicate a relatively milder course of illness [5—11]. These
children, predominantly boys (49-74%) had median age of

9-12 years, and the most common underlying diagnosis
was nephrotic syndrome. Kidney allograft recipients and
patients on dialysis constituted 11-100% and 14-47% cases,
respectively. The rates of symptomatic COVID-19 (8-81%)
and hospitalization (31-60%) were similar to those in pop-
ulation-based studies [28—30]; severe respiratory illness
(9-12%) and mortality (3.5-4%) were also infrequent. Since
previous reports chiefly included children from Europe, UK,
and North America, this report from India underscores the
similarities in severity of SARS-CoV-2 infection and dis-
ease presentation in patients with CKD across geographic
regions.

Available reports emphasize the relatively low incidence
of SARS-CoV-2 infection in immunosuppressed patients [8,
10, 31, 32]. Our experience was similar, although patient
contact has been limited and chiefly through telecon-
sultations. Regular teleconsultations at one center, over
14 months, resulted in documentation of SARS-CoV-2 infec-
tion in thirteen of 80 allograft recipients, ten of ~350 patients
with nephrotic syndrome administered rituximab previously,
and seventeen of almost 800 patients with nephrotic syn-
drome enrolled in longitudinal cohorts or in randomized
studies. However, the limitations imposed by such consul-
tations and lack of opportunities for viral testing might have
underestimated the prevalence of SARS-CoV-2 infection in
these patients. In the absence of high mortality or morbidity,
continuing immunosuppression in standard doses appears
rational. In view of concerns of intense immunosuppression,
we have refrained from using I'V rituximab since the begin-
ning of the pandemic [33]. Similar to the course in a patient
with granulomatosis with polyangiitis [34], one patient
with lupus nephritis in the present report developed severe
COVID-19 following therapy with rituximab, but improved

Table 3 Risk factors for AKI

R Baseline variable
and severe complications

Univariate logistic regression

(severe é;cute kidney injury, Outcome: AKI (n/N =25/73)* Odds ratio  95% CI P

iiﬁff:&?iﬁﬂﬁﬁiipamy Age, years 0.91 0.81, 1.04 0.16

shock or death) Sex, boys 0.56 0.11,2.85 0.49
Nephrotic syndrome in relapse 3.62 1.01, 12.99 0.048
Estimated glomerular filtration rate, ml/min per 1.73 m?" 1.00 0.99, 1.02 0.66
Recent or current immunosuppression 0.49 0.14, 1.70 0.47
Moderate or severe COVID-19 4.58 1.06, 19.86 0.042
QOutcome: Severe complications (n/N =19/88) Odds ratio 95% CI1 P
Age, years 0.96 0.87, 1.06 0.43
Sex, boys 0.82 0.24,2.79 0.75
Nephrotic syndrome in relapse 5.92 1.99, 17.66 0.001
Estimated glomerular filtration rate, ml/min per 1.73 m>" 1.00 0.98, 1.02 0.81
Recent or current immunosuppression 1.87 0.64, 5.50 0.25
Moderate or severe COVID-19 61.2 6.99, 536.01 <0.001

“Patients with CKD 5D were excluded from analysis

APre-illness, in last <3 months
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Table 4 Findings in studies on children with kidney diseases and SARS-CoV-2 infection

Author [ref]

Marlais [8] Marlais [5] Melgosa [7] Schwierzeck [11] Plumb [6] Mastrangelo [10] Basalely [9] Present work

N (countries) 113 (30) 18% (11) 16 (Spain) 13 (Germany) 5 (UK) 3 (Italy) 2 (USA) 88 (India)
Boys, % 49 61 56.3 NA 80 NA 100 76.1
Median age, years 11 11.5 12.3 ~10 11 NA 1, NA 10
Underlying disease, % NA

Nephrotic syndrome (% 27 (NA) 17 (NA) 31.3(125) 0 0 50 (NA) 50 (52.3)

in relapse)

Other glomerular CKD 23.9 17 50 0 333 0 4.5

Non-glomerular CKD 2.6 0 50 0 66.7 0 13.6

CKD 5D 10.6" 6 18.8 100 0 50 17

CKD 5T 47 61 18.8 0 0 0 14.8
Immunosuppressed, % 100 100 56.3 NA NA 333 0 56.8
Symptoms of COVID- 81.4 NA 81.3 7.7 NA 66.7 100 68.2

19, %
Admitted, % 60.2 61 50 NA NA NA 100 46.6
Respiratory support, % 22.1 17 0 NA NA 0 50 18.2
Acute kidney injury, % NA NA 18.8 NA NA 0 0 342
Death, % 35 NA 0 0 NA 0 0 34
Predictors of severe None*! NA NA NA NA NA NA Reported™

complications

NA not available

“These patients were also included in the study in column 1

“Includes children with glomerular or non-glomerular CKD or CKD5T on dialysis

#1 All 4 deaths were reported in low-n-income countries; #Risk factors included moderate or severe COVID-19; nephrotic syndrome in relapse

rapidly. While biologicals might favorably influence the
interplay of infectious and inflammatory mechanisms [35,
36], the trends of higher respiratory morbidity and mortality
[37-39] emphasize that such therapies be used cautiously.

The experience with COVID-19 in immunosuppressed
recipients or solid organ transplants is varied [40-42]. A
systematic review including 1,500 kidney transplants among
2,772 solid organ recipients, indicated high rates of admis-
sion to intensive care units (29%) and higher mortality
(18.6%) [42]. In contrast, outcomes in pediatric transplant
recipients appear satisfactory [8, 10], with low rates of
symptomatic infections [10], mild symptoms, few compli-
cations, and similar time to viral clearance as non-immu-
nosuppressed children [7, 8]. Persistent viral excretion in
11 patients in the present report was unrelated to ongoing
immunosuppression but was related to COVID-19 severity,
as was reported previously [43].

Systematic reviews suggest that AKI affects 11% of
patients admitted with COVID-19 and that 6.8% of admitted
patients require KRT [4]. Furthermore, severe AKI and the
need for KRT are reported to be more frequent in patients
with CKD [26, 27]. Unsurprisingly, therefore, AKI was the
chief extrapulmonary complication of SARS-CoV-2 infec-
tion in the present series, and affected 40% patients who
were previously not on KRT. The presence of nephrotic

syndrome in relapse appears to be associated with an almost
five-fold risk of severe AKI, perhaps due to associated hypo-
volemia and/or use of diuretics, ACE-inhibitors and other
nephrotoxic medications [44]. Similarly, patients with
nephrotic syndrome in relapse have higher risk of mechani-
cal ventilation and mortality probably due to edema and
respiratory distress. While presentation with moderate to
severe COVID-19 and relapse of nephrotic syndrome might
be associated with severe complications and death, the
wide confidence intervals of these estimates and inability to
demonstrate independent association or causality, caution
against over-emphasizing these risks. More data is required
to explore these findings further.

The present report is one of the larger studies of the
impact of COVID-19 on children with CKD, and the first
from a developing country. Strengths of the study were the
inclusion of consecutive patients diagnosed at four centers in
New Delhi, robust diagnosis relying chiefly on RT-PCR, and
information on course and complications during a minimum
follow-up of 4 weeks. However, the extent of evaluation var-
ied based on whether patients were admitted or isolated at
home, and there was heterogeneity in policies on manage-
ment and documentation of viral clearance. As guidelines
for retesting evolved, it was not performed in all patients.
Finally, contributions of stress dosing of steroids, ongoing

@ Springer



856

Pediatric Nephrology (2022) 37:849-857

hydroxychloroquine intake, relapse of nephrotic syndrome
and cytokine responses in certain population groups on
disease course are unclear. While these findings replicate
the experience from other regions, patients presenting with
moderate to severe COVID-19 or with relapse of nephrotic
syndrome appear to be at risk of complicated COVID-19,
indicating the need for close monitoring.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00467-021-05218-1.
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