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Abstract

Background Children with underlying kidney diseases display a mild course of SARS-CoV-2 infection, but they only
accounted for a minority of cases until the spread of the Omicron variant. Nonetheless, idiopathic nephrotic syndrome (INS)
has been advocated as a predictor of worse outcome.

Methods We investigated the spread, severity, and risk of relapse related to SARS-CoV-2 infection among children with
INS. The incidence and characteristics of SARS-CoV-2 infections, immunosuppression, and vaccination status were retro-
spectively collected from the beginning of the pandemic to May 31, 2022.

Results We enrolled 176 patients (73 females, median age 10.22 years); 28 had a steroid-resistant disease, and 108 (61.4%)
were on immunosuppressive therapy. Sixty-one (34.7%) patients reported a SARS-CoV-2 infection, with incidence peaking
between December 2021 and January 2022. No hospitalization or deaths were reported, and symptoms were absent or mild.
The rate of SARS-CoV-2 infection was similar in children with and without immunosuppression (33.8% vs 35.2%; p =0.85).
None of the 38 immunosuppressed patients discontinued the therapy, but they had a longer time to negativization (13.31
vs. 10.04 days; p=0.03). Proteinuria was detected in 7 patients, but only one had a relapse requiring steroid therapy, with
prompt remission and a mild course.

Conclusions After the spread of the Omicron variant, the rate of SARS-CoV-2 infection in children with INS was much
higher than previously reported. In this large cohort, symptoms were mild, even in immunosuppressed patients and those
with proteinuria. During the infection, transient proteinuria was common with a low rate of relapses.
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Introduction

Idiopathic nephrotic syndrome (INS) is the most common
glomerular disease in children, and it is usually character-
ized by a relapsing—remitting course, often requiring immu-
nosuppressive therapy [1]. Infectious diseases are one of the
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major complications, with viral upper respiratory tract infec-
tions being the most common trigger for relapses [2].

The SARS-CoV2 pandemic rapidly spread from China at
the end of 2019, causing more than 500 million cases and 6
million deaths worldwide, as of May 2022 [3].

Children display a milder clinical course as compared to
adults, with a rate of asymptomatic infections approaching
50% [4]. A benign SARS-CoV-2 infection has been reported
also in children with underlying kidney diseases, includ-
ing INS [5-7]. According to most of the literature, during
a SARS-CoV-2 infection, there is no need to preemptively
hospitalize or discontinue immunosuppression in children
with INS [8]. However, SARS-CoV-2-related disease onsets
and relapses have been reported [8], and two studies have
described a significant morbidity and mortality, particularly
during relapses [9, 10]. Children represented only a minority
of the reported SARS-CoV-2 cases until the spread of the
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Omicron variant in November 2021 [11], which caused a
marked increase of cases, specifically in the pediatric popu-
lation [12]. In Italy, new daily cases increased from 40,000
in November 2020 to a peak of 180,000 in January 2022,
with pediatric cases rising in the same period from 1-5%
up to 17.7% [13].

In light of the recent increase of SARS-CoV-2 cases in
children and relentless spreading of the infection, we aimed
to investigate the diffusion and severity of SARS-CoV-2
infection in pediatric patients with INS.

Methods

We performed a retrospective monocentric observational
study to assess the incidence and severity of SARS-CoV-2
infection among pediatric patients affected by INS and to
explore the risk of relapse associated with the infection.

The study was conducted at the Pediatric Nephrology,
Dialysis and Transplant Unit of Milan, the reference center
for Pediatric Nephrology in Lombardy, the most populous
region of Italy.

Inclusion criteria were as follows: (1) clinical diagno-
sis of INS; (2) age between 1 and 20 years; (3) a follow-
up of at least 6 months at the time of data collection. Data
were retrospectively collected from June 1, 2022 to June
15, 2022 by a phone-based questionnaire performed by the
same author (F.V.) and submitted to caregivers; patients
were directly interviewed only if > 18 years old. Families
were asked to report any previous SARS-CoV-2 infection
documented either by a molecular or antigenic nasal swab
from the beginning of the pandemic until May 31, 2022.
SARS-CoV-2-related symptoms (fever, upper respiratory
or gastrointestinal involvement, rash), the duration of infec-
tion, the need for hospitalization or respiratory support, and
the occurrence of relapse or self-limiting proteinuria were
collected. Anonymized patients’ demographics, disease
characteristics, ongoing immunosuppressive treatment, and
vaccination status were also recorded.

The incidence and severity of SARS-CoV-2 infection and
the related relapse rates were correlated to ongoing immu-
nosuppressive treatment and vaccination status. The risk of
SARS-CoV-2 related relapse was assessed only in patients
for whom a previous remission had been documented.

The study was approved by the local ethics committee,
and informed consent was obtained from patients or legal
guardians.

Definitions
INS was defined according to the international guidelines

and classified as infrequent relapsing nephrotic syndrome
(IRNS), frequent-relapsing nephrotic syndrome (FRNS),
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steroid-dependent nephrotic syndrome (SDNS), or steroid-
resistant nephrotic syndrome (SRNS) [1, 14]. Relapse was
defined as a persistent proteinuria (urinary dipstick >3 +or
urinary protein/creatinine ratio (uPr/uCr) > 2 g/g) for 3 con-
secutive days requiring steroid therapy [15]. Self-limiting
proteinuria was defined as a positive urinary dipstick (>2+)
with spontaneous resolution within 7 days. Short-term ster-
oid prophylaxis was defined as the prophylactic use of a
low prednisone dose (0.5 mg/kg) for up to 5 days, during
an upper respiratory infection. SARS-CoV-2 infection was
defined as a positive molecular or antigenic nasal swab.
Duration of infection was defined as the time elapsed until a
negative nasal swab, as required to end the isolation period
in Italy during the entire study period.

Statistical analysis

Categorical data are expressed as proportions. Continuous
data are expressed as mean (SD) when normally distributed,
otherwise as median (interquartile range [IQR]). Categorical
variables were compared by using the y* test, and continuous
variables were compared using the 7-test (normally distrib-
uted) or the Mann—Whitney U test (not normally distrib-
uted). For all the statistical analyses, p-values < 0.05 were
considered significant.

All statistical analyses were performed using the open
source software R (R Core Team, 2014. R: A language and
environment for statistical computing, R Foundation for Sta-
tistical Computing, Vienna, Austria).

Results

From the review of the digital medical records, 215 patients
affected by INS were identified. Seventeen young adults
and 6 patients with a clinical follow-up <6 months were
excluded, while 16 patients could not be reached for the
analysis. A total of 176 children (73 females) with a median
age of 10.22 years (IQR, 6.71-14.01) were enrolled in the
study (Fig. 1).

Forty-one enrolled patients (23.3%) were affected by
IRNS, 107 (60.8%) by SDNS/FRNS, and 28 (15.9%) by
SRNS. One hundred and eight (61.4%) patients were on
immunosuppressive therapy: among them, 85 patients were
receiving a single drug, while 23 patients were treated with
a combined therapy. Among SRNS patients, 10 (35.7%)
had a persistent proteinuria, 7 for a multidrug resistant INS
(MDR), and 3 for a genetic form.

Eighty-two (46.6%) patients were vaccinated against
SARS-CoV-2 with at least 2 doses of an mRNA vaccine,
5 of them after the infection, 7 (4%) patients had received
the first dose only, and 87 were not vaccinated for parental
choice (n=61) or because they were below the age limit
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215 INS patients
identified

39 patients excluded:

- 17 patients >20 years

- 6 with follow-up <6 months
- 16 patients not reached

176 INS children
enrolled

61 (34.7%) SARS-CoV-2
INFECTIONS

Fig.1 Study flow diagram. The figure summarizes the number of
children and young adults identified, excluded and enrolled in the
study. INS, idiopathic nephrotic syndrome

(n=26). The main characteristics of the enrolled population
are summarized in Table 1.

A total of 61/176 (34.7%) patients reported a previous
SARS-CoV-2 infection documented by nasal swab at a
median age of 10 (IQR, 6.08-13.22) years: 4 patients in
2020, 21 in 2021, and 36 in the first 5 months of 2022. The
trend of SARS-CoV-2 infections is summarized in Fig. 2A.
One patient reported a previous infection documented by
seroconversion, and 1 patient developed mild symptoms sug-
gestive for SARS-COV-2 after a close positive contact, but
no diagnostic test was performed. These 2 patients were not
included in the final analysis. The cumulative rate of SARS-
CoV-2 infections was comparable to that reported in the
healthy age-matched Italian population (34.7% vs. 35.8%;
p=0.82) with a similar trend over time (Fig. 2) [13, 16].

Table 2 summarizes the main characteristics of patients
with SARS-CoV-2 infection. Among the 61 SARS-CoV-
2-infected patients, 13 were affected by IRNS, 38 by SDNS/
FRNS, and 10 by SRNS. Fifty-seven children were in remis-
sion at the time of infection, while 4 patients affected by
either a MDR or genetic SRNS had a persistent proteinuria.
The characteristics of the population with SARS-CoV-2
infection were comparable to those of non-infected chil-
dren, except for the higher proportion of Caucasian patients
(Table 2).

All patients had an indolent course of the infection:
12/61 (19.7%) were completely asymptomatic, while 49/61
(80.3%) had mild symptoms only. Upper respiratory tract
symptoms and fever were the most prevalent complaints,
reported respectively in 32/61 (52.4%) and 33/61 (54%)

patients, while only 7 (11.4%) patients had gastrointestinal
involvement. In no case was specific treatment, respira-
tory support, or hospitalization for SARS-CoV-2 infection
required. The clinical course of the infection was mild also
in the 4 patients with proteinuria affected by MDR or genetic
SRNS and in the one experiencing a concomitant relapse
(see below).

One patient affected by an IRNS and not undergoing any
kind of chronic immunosuppression experienced a reinfec-
tion 7 months after the first episode: the first SARS-CoV-2
infection was characterized by flu-like symptoms, while the
second had a completely asymptomatic course.

The rate of SARS-CoV-2 infection was similar in immu-
nosuppressed and not immunosuppressed patients (33.8%
vs. 35.2%; p=0.85). Of all 61 children and young adults
with SARS-CoV-2 infection, 38 (62.3%) were on immu-
nosuppressive drugs at the time of SARS-CoV-2 infection,
and 14 (22.9%) were treated with a combination therapy.
Immunosuppression was not associated with a more severe
course of the disease, 10 were completely asymptomatic,
and 28 were paucisymptomatic, with no hospitalizations. No
patient needed a modification or a temporary withdrawal of
the ongoing immunosuppressive therapy during the infec-
tion. SARS-CoV-2 infections had a mean (SD) duration of
12 days (6.43) in the entire cohort, and it was slightly but
significantly longer in patients receiving immunosuppressive
drugs (13.31 vs. 10.04 days; p=0.03).

Among the 77 patients previously vaccinated with at
least 2 doses, 20 reported a SARS-CoV-2 infection after
a median time of 73 days from the last dose. The rate of
SARS-CoV-2 infection was lower but not significantly dif-
ferent in vaccinated vs. non-vaccinated children (25.9% vs.
40.2%; p=0.067), with a similar time required to negativiza-
tion (12.35 (7.36) vs. 12.78 (5.28) days; p=0.82). All had
an indolent course, and the rate of symptomatic patients was
similar in vaccinated and non-vaccinated patients (85% vs.
78%; p=0.41).

Among the 57 patients in clinical remission, proteinuria
was detected in 7 (12.3%) by urine dipstick during the infec-
tion, but only one had a clinical relapse requiring prednisone
therapy, with a prompt remission in 7 days. As mentioned
before, also in this patient, the clinical course of SARS-
CoV-2 infection was mild, and ongoing immunosuppressive
therapy was not discontinued. In the remaining 6 patients,
the proteinuria was transient and underwent spontaneous
remission within the resolution of the infection. In two cases,
a short-term low-dose steroid prophylaxis was performed.
The risk of developing proteinuria during SARS-CoV-2
infection was not significantly different in children with or
without immunosuppressive therapy (9% vs. 25%; p=0.19)
and in patients vaccinated or not (10% vs. 15.6%; p=0.63).

Finally, from March 2020, 4 patients with a median age
of 2.5 years had their INS onset during a SARS-CoV-2
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Table 1 Clinical characteristics of enrolled children

All patients n=176 SARS-CoV-2 Infection n=61  No infection n=115 p-value
Age at enrollment in years, median (IQR)  10.22 (IQR, 6.71-14.01)  10.5 (IQR, 6.46-14.10) 10.09 (IQR, 7.04-13.95)  0.67
Gender, N (%) 0.58
Males 103 (58.5%) 34 (55.7%) 69 (60%)
Females 73 (41.5%) 27 (44.3%) 46 (40%)
INS subtype, N (%) 0.9
IRNS 41 (23.3%) 13 (21.3%) 28 (24.3%)
SDNS 107 (60.8%) 38 (62.3%) 69 (60%)
SRNS 28 (15.9%) 10 (16.4%) 18 (15.7%)
Immunosuppressive treatment, N (%) 0.85
No 68 (38.6%) 23 (37.7%) 45 (39%)
Yes 108 (61.4%) 38 (62.3%) 70 (61%)
MMF 96 31 65
CNI 26 14 12
Steroid 3 2
Rituximab 4
Monotherapy 85 24 61
Combined therapy 23 14 9
SARS-CoV-2 vaccination, N (%) 0.067
No 92 (52.3%) * 37 (60.7%)* 55 (47.8%)
At least 2 doses 77 (43.8%) 20 (32.8%) 57 (49.6%)
Incomplete schedule 7 (3.9%) 4(6.5%) 3(2.6%)
Ethnicity 0.02
Caucasian 122 (69.3%) 50 (82%) 72 (62.6%)
African 22 (12.6%) 4 (6.6%) 18 (15.7%)
Hispanic 9 (5.1%) 4 (6.6%) 54.3%)
Asian 23 (13%) 3 (4.8%) 20 (17.4%)

IRNS infrequent relapse nephrotic syndrome, SDNS steroid-dependent nephrotic syndrome, SRNS steroid-resistant nephrotic syndrome, MMF

mycophenolate mofetil, CNI calcineurin inhibitors

*5 patients were vaccinated after the infection

infection. All of them had a typical course, with no compli-
cations and a rapid remission after steroid therapy.

Discussion

Here, we report the outcome and the detailed characteristics
of the largest cohort of children and young adults with INS
infected by SARS-CoV-2, during the whole course of the
pandemic up to May 2022. Indeed, all previous studies were
performed before the emergence of the Omicron variant,
which is responsible for most of the pediatric SARS-CoV-2
cases [12].

While initial studies reported a limited number of cases
and a mild course of the infection in this population [8],
contradictory results have emerged from two recent reports,
describing a worse outcome including 9 deaths [9, 10].

In a population of 176 children with INS, we identified a
total of 61 SARS-CoV-2 infections documented by a swab
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test, with a rate of infection of 34.7%, much higher than pre-
viously reported [6, 7]. In the early stages of the pandemic,
two Italian nationwide studies documented a low prevalence
of SARS-CoV-2 infection in children with kidney diseases,
with an infection rate of 0.19% and 2% by swab test or serol-
ogy, respectively [6, 7]. In our population, the incidence had
a growing trend through the 2 years of the pandemic, with
4 cases occurring between October and December 2020, 21
throughout 2021 and 36 between January and May 2022.
This is in line with the spreading of the infection in the
general pediatric population, with an incidence of pediatric
cases 6—8 times higher during the Omicron-predominant
period [12].

In our study, all patients had a benign course of the infec-
tion with no severe cases, no hospitalizations or deaths, even
in patients with a relapse or new onset, or those with per-
sistent proteinuria. This is consistent with what has been
previously reported in most of the available literature. In our
systematic review, the 43 cases of SARS-CoV-2 infections in
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Trend of SARS-CoV-2 cases in children with INS
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Fig.2 The figure shows the comparable trend of SARS-CoV-2 infections over the time in our population of children with INS (A) and in the
general Italian pediatric population (B) [13, 16]. INS, idiopathic nephrotic syndrome

children with INS, reported in high income countries up to
August 2021, were characterized by a mild disease course,
with low need of respiratory support and no deaths [8]. A
retrospective study performed by Weinbrand and colleagues
on children with kidney diseases including INS, in the rela-
tively low-income area of Jerusalem, has confirmed the
benign course of SARS-CoV-2 infection also in this subset
of patients, with 37% asymptomatic infections and no severe
cases [17]. Conversely, Krishnasamy et al. reported higher
rates of severe COVID-19 in pediatric INS patients from the
area of New Delhi, with 15% of patients requiring invasive
ventilation and a mortality rate of 4.5%. Relapse was a risk
factor for severity [9]. Moreover, in a Brazilian study, Vas-
concelos and colleagues described a mortality rate of 28%

in children with INS, hospitalized during the first year of
the pandemic. Geographical origin was associated with the
highest risk of death, overcoming any other clinical charac-
teristic and supporting the hypothesis that socio-economic
factors are extremely relevant in determining the natural his-
tory of SARS-CoV-2 infection in a vulnerable population,
such as children with INS [10]. We were not able to sys-
tematically assess socio-economic status, but our population
had a heterogeneous background and ethnicity. Anyway, the
study was performed in a high-income country with uni-
versal health care. In addition to socio-economic factors, a
different severity of the Omicron variant could have played
a role in the better outcome of our patients. However, the
completely benign course of the infection during all waves of
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Table 2 Clinical characteristics of INS children infected by SARS-
CoV-2

SARS-CoV2 infected patients (n=61)

Remission at the time of infection

Yes 57 (93.5%)

No 4 (6.5%)
Immunosuppressive therapy

Yes 38 (62.3%)

No 23 (37.7%)
Symptoms, N (%)

Yes 49 (80.3%)

No 12 (19.3%)
Reported symptoms, N

Fever 28

Flu-like symptoms 10

Rhinitis 30

Gastrointestinal symptoms 4

Skin rash 0

MIS-C 0

Dyspnea or respiratory failure 0

Hospitalization 0
Proteinuria

Relapse 1

Transient proteinuria 6
Infection duration in days, mean (SD) 12 (6.43)

Immunosuppressed 13.31

Not immunosuppressed 10.04

MIS-C multisystem inflammatory syndrome in children

pandemic and the large size of our cohort allow us to support
the favorable evolution of SARS-CoV-2 infection in children
and young adults with INS, reinforcing our published recom-
mendations on the management of these patients indicating
no need for additional restrictions, therapy discontinuation,
or pre-emptive hospitalization [8].

Among 57 children who were in remission at the time of
the infection, only 1 (1.7%) developed a clinically relevant
relapse requiring steroid therapy, while 6 additional patients
had a self-limiting proteinuria, which resolved with no ster-
oid treatment. Different case reports have highlighted the
association between SARS-CoV-2 infection and INS relapse
[8], but this is the first study that could assess the real rate
of relapse in a cohort of SARS-CoV-2-infected patients.
According to our data, while a correlation between SARS-
CoV-2 infection and relapse is possible, the rate seems to
be low.

Immunosuppressed patients in our cohort (n=108) were
not at higher risk of developing SARS-CoV-2 infection; as
compared to untreated patients, the infections were not asso-
ciated with a more severe course and did not require the
discontinuation of the ongoing immunosuppressive therapy.
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This finding is consistent with the global survey performed
by Marlais and colleagues on SARS-CoV-2-infected chil-
dren receiving immunosuppressive therapies for kidney
diseases (30/113 affected by INS) until July 2020, describ-
ing a mild disease course in the majority of patients, with
no association between the number of immunosuppressive
medications and COVID-19 severity. This is also in line
with a more recent review of the literature carried out by
Connelly et al. on the impact of SARS-CoV-2 infection in
pediatric patients undergoing immunosuppression for vari-
able diseases: among them, immunosuppressed patients for
kidney disease reported low rates of severe complications,
while increased morbidity and mortality was documented
in oncologic and rheumatologic patients, mostly due to
decreased access to care [18]. Nonetheless, in our cohort,
the infection had a slightly but significantly longer course
in children undergoing immunosuppressive therapy (13 vs.
10 days). This is consistent with previous reports in immu-
nocompromised adults and children, and a matter of concern
for the emergence of more virulent variants [19, 20].

Despite a good compliance to the vaccination campaign,
in our cohort, the rate of SARS-CoV-2 infection was lower
but not significantly different in vaccinated children. Among
the 77 patients who had received at least 2 doses, 20 (26%)
reported a SARS-CoV-2 infection after a median time of
73 days from the last dose. Our study was neither planned
nor powered to assess the impact of vaccination on SARS-
CoV-2 infection in children with INS; however, two main
factors may justify this finding. Firstly, a recent systematic
review of the literature in the general population by Ssen-
tongo et al. [21] has demonstrated how vaccine effective-
ness against all SARS-CoV-2 infections declined from 83%
in the first month after completion of the original vaccina-
tion series to 22% at 5 months, while effectiveness against
severe COVID-19 remained as high as 90% at 5 months or
longer at all ages. Moreover, SARS-CoV-2 infections in our
cohort peaked between December 2021 and January 2022.
A reduced effectiveness of mRNA vaccines against the Omi-
cron variant, particularly in children, has been reported by
different clinical and biological studies [22, 23]. The inci-
dence of SARS-CoV-2 infections in our cohort could there-
fore be explained by both the incomplete and time-dependent
effectiveness of vaccines in protecting against asymptomatic
or mild infections and by the concomitant spread of higher
virulence variants, namely, the Omicron variant, which
increasingly hit the pediatric population. Further evidence
is needed about the effectiveness of currently available vac-
cines against newly emerging SARS-CoV-2 variants; how-
ever, the high safety profile and efficacy against severe forms
of SARS-CoV-2 [24] still justify large-scale vaccination in
the pediatric population, including children with INS.

This study has some limitations. Firstly, the retrospective
and monocentric nature of the study may have introduced
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unknown bias. Moreover, data accuracy could have been
affected by self-reporting. Finally, the relatively small num-
bers may have not been able to identify rare events. Nonethe-
less, up to now, this is the largest case series of children and
young adults affected by INS with SARS-CoV-2 infection
during the whole course of the pandemic.

Conclusions

Considering the homogeneity of this cohort and the total
number of collected cases, the results of our study support
the generally benign course of SARS-CoV-2 infection in
children and young adults with INS, with no severe compli-
cations, even in patients with immunosuppressive therapy
or proteinuria. Self-limiting proteinuria is a common find-
ing during the infection, but the risk of clinically relevant
relapses appears to be low. Our results support our previous
recommendations on the management of children with INS
during the pandemic, unless different variants with unex-
pected behaviors will emerge.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00467-022-05736-6.
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