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Abstract

Background Coronavirus Disease 2019 has spread from China as a global pandemic, Italy being one of the earliest affected
countries. The infection displays a more complicated and often fatal course in adults with a history of kidney disease, while
it does not seem to affect children in the same way. Pediatric patients with idiopathic nephrotic syndrome (INS), with or
without chronic immunosuppressive therapy, are at greater risk of infections which may also trigger relapses.

Objectives We performed a systematic review of the literature to identify all articles on SARS-CoV-2 infections in children
with INS in order to describe the severity of all SARS-CoV-2 infections reported in children with INS, to evaluate the risk
of new onset and relapses associated with SARS-CoV-2 infection, and to draw recommendations on their management and
vaccination. The search was conducted on the following databases: MEDLINE (via Pubmed), Google Scholar, and Web
of Science. The search methodology used with the selected free text terms or MesH was (“nephrotic syndrome” OR “idi-
opathic nephrotic syndrome”) and (“covid 19” OR "severe acute respiratory syndrome coronavirus 2" OR "2019-nCoV"
OR "SARS-CoV-2").

Results The literature search provided 36 records. After screening for their relevance to the topic, 11 studies were selected.
Two additional publications were identified through the reference list of all included articles and 13 articles were included in
the review. A total of 43 cases of children with INS and SARS-CoV-2 infection have been reported; the course of the disease
was mild for most patients with low need of respiratory support and no death in high income countries. In 5 patients, the
infection was complicated by relapse, which anyway showed a good response to steroids. Two children had a new onset of
INS during a SARS-CoV-2 infection.

Conclusions Children with INS, with or without immunosuppression, are not at higher risk of severe SARS-CoV-2 infec-
tion. Relapse is a possible complication, but steroid treatment is safe and effective. After summarizing the evidence, we have
suggested recommendations for the management of children with INS during the pandemic and the vaccination campaign.
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Introduction

Coronavirus Disease 2019 (COVID-19), caused by the
newly emerged SARS-CoV-2 virus, has abruptly spread
from China as a global pandemic, Italy being one of the
earliest affected countries [1].

As of August 11, 2021, 4,409,090 cases have been
confirmed in Italy, of which 689,248 (15.6%) were in the
0-19 years old group [2]. Compared to adults, children are
more often either asymptomatic or display milder manifes-
tations with a much lower mortality rate [3]. Despite ear-
lier studies suggesting pediatric infection as mainly being
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characterized by self-limiting upper respiratory symptoms
[3], exceptions have emerged, such as the multi-system
inflammatory syndrome in children (MIS-C) [4]. While a
history of kidney disease is a risk factor for poorer outcomes
in adults, it does not seem to affect children in the same way
[5, 6].

Idiopathic nephrotic syndrome (INS) is the most com-
mon pediatric glomerular disease, affecting 1.15-16.9 per
100 000 children [7]. In the majority of patients, the clinical
course is characterized by frequent relapses, often related
to infectious events. Most INS children require chronic
immunosuppressive therapy to control disease activity [7].
Immunosuppressed children are at greater risk of infectious
diseases, including viral infections [8].

We have reviewed the existing literature on the diffusion
and severity of SARS-CoV-2 infections in children with
INS, with the intention to suggest indications for the man-
agement of such patients during the pandemic. Even though
the pandemic is regressing in most European countries and
in the USA, we believe these recommendations could be
helpful for pediatric nephrologists and pediatricians, due to
the continuous spread in countries with scarce economic
resources, the uncertainties about the vaccination campaign,
as well as the possible emergence of new variants partially
covered by vaccines.

Methods

For the main objectives of this project, a working group of
pediatric nephrologists from three main centers of the most
affected area during the pandemic in Italy was established,
including five members.

The panel conducted a systematic search of the published
literature to identify all the articles relevant for this review
through a search and selection process in the following data-
bases: MEDLINE (via Pubmed), Google Scholar, Web of
Science. The search methodology used with the selected free
text terms or MesH was: (“nephrotic syndrome” OR “idi-
opathic nephrotic syndrome”) and (“covid 19” OR "severe
acute respiratory syndrome coronavirus 2" OR "2019-
nCoV" OR "SARS-CoV-2").

The articles included had no time frame. Only articles
concerning pediatric patients were considered for the analy-
sis. Grey literature was excluded. Searches were carried out
on the 15th of July 2021 and rerun on the 5th of August
2021. The search was particularly focused on the following
aspects: severity of SARS-CoV-2 infection in children with
INS, new onset and relapse of INS related to SARS-CoV-2
infection, SARS-CoV-2 vaccination in children with INS.
To reduce selection bias, two independent reviewers (F.A.V.,
E.P.) screened titles and abstracts to identify potential arti-
cles for inclusion. An additional manual search was also
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carried out over the references of the main chosen articles
to collect information about the studies deemed relevant. A
third reviewer (W.M.) later revised and verified the extracted
information. Any discrepancy about inclusion was resolved
through discussion. The PRISMA flowchart for article inclu-
sion is displayed in Fig. 1.

Once the final list of articles was selected, all data were
reviewed and analyzed by the full panel of experts.

After data extraction, the working group summarized the
existing evidence and formulated recommendations covering
the main aspects of the management of children with INS
during SARS-CoV-2 pandemic and COVID-19 vaccination
campaign. Due to the paucity of data on the topic, we did
not consider it needful to formally evaluate the methodo-
logical quality of the studies included. To draw up specific
recommendations, the authors combined the preexisting
knowledge about the disease with the available evidence
from literature.

Results

The literature search provided 36 records. After removing
duplicates and screening titles and abstracts for their rel-
evance to the topic, a total of 11 articles were selected. The
reference list of all included articles was screened to identify
papers potentially related to the topic. Two additional pub-
lications were added, for a total of 13 articles included in
the review. Figure 1 describes the article selection process
and Table 1 summarizes the main findings of all included
articles.

Summary of the evidence

SARS-CoV2 spreading among children with idiopathic
nephrotic syndrome

To date, only 3 studies, all performed in Italy, have addressed
the diffusion of SARS-CoV-2 among children with INS [5,
9, 10].

At the end of April 2020, in the context of the Italian
Society of Pediatric Nephrology (ISPN), a national study
involving 1572 pediatric patients, with either chronic kidney
disease or on immunosuppression, was performed in order
to assess the impact of COVID-19 in this population [5].
The incidence of SARS-CoV-2 infection was retrospectively
assessed by means of a phone interview, with no case of
severe COVID-19 reported Among the 652 children with
INS included in the study, none reported a previous SARS-
CoV-2 infection, documented by a nasal swab test.

After the first wave, a seroprevalence study was per-
formed on the same population by the ISPN [9]. 178
randomly selected patients together with their family
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Fig. 1 PRISMA 2020 flow diagram

members, and 161 children with a history of symptoms
suggestive for a viral infection, included in the previous
study [5], were tested. The seroprevalence among chil-
dren with kidney diseases was low and did not differ
from that of the pediatric healthy Italian population. 110
patients with INS were included, of whom 58 had previ-
ously reported nonspecific infectious symptoms. Among
these, only 2/110 (1.8%) patients tested positive for
SARS-CoV-2 IgG. The first had an asymptomatic SARS-
CoV-2 infection and the other one presented upper airway
symptoms (published and unpublished data). Moreover,
four children with INS tested negative, even if they had
at least one positive family member.

The third study performed during the first wave by
Angeletti et al. investigated, through a phone-based
inquiry, the diffusion of SARS-CoV-2 among a pediatric
population of 159 children affected by INS on immuno-
suppressive therapy with anti-CD20 monoclonal antibod-
ies [10]. No patients reported symptoms compatible with
COVID-19, even in the six families in which there was an
infected member, like the ISPN study.

According to these studies, pediatric patients with INS
on immunosuppressive treatment are not at increased risk
of SARS-CoV-2 infection.

Severity of SARS-CoV2 infection in children with INS

Eight studies reported a total of 43 cases of children affected
by INS with SARS-CoV-2 infection (Table 2). The course
of the disease was mild for most affected children. Marlais
et al. described the severity of the infection in 18 pediatric
patients with a kidney disease, including three with INS [6].
None was admitted to the intensive care unit or died. Non-
invasive ventilation was required only for 3/18 patients, but
the underlying disease was not specified. A similar clini-
cal course of SARS-CoV-2 infection was also reported in
an additional 10 children with INS described in other case
series [9, 11-15]: symptoms were mostly absent or mild and
only one needed oxygen therapy. The ongoing immunosup-
pressive therapy was not reduced, while an increased dose of
steroids was required after relapse in five patients [11-14]. In
September 2020, Marlais et al. described the widest cohort
of children treated with immunosuppressive medications for
kidney diseases affected by COVID-19 [16]. 30/113 (27%)
of the reported patients were affected by INS. The outcome
of SARS-CoV-2 infection was compared between the immu-
nosuppressed population and a cohort of 582 children from
21 European countries. There was no significant difference
for the main items, such as admission to the hospital (60%
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Table 1 Summary of studies included

Author Patients with INS

Main findings

Mastrangelo et al. [5] 652 children with INS

Angeletti et al. [10] 127 patients on therapy with anti-CD20 antibodies

Marlais et al. [6] 3 patients with INS and SARS-CoV-2 infection on IS
therapy

Melgosa et al. [12] 4 patients with INS SARS-CoV-2 infection on IS therapy

Morello et al. [9] - 110 INS patients on IS therapy tested for SARS-CoV-2
IeG

- only 2 INS patients (1.8%) with a previous SARS-CoV-2
infection

30/113 patients with INS on IS therapy and SARS-CoV-2
infection

Marlais et al. [16]

Meshram et al. [15] 1 patient with INS on IS therapy and SARS-CoV-2 infec-
tion

Basalely et al. [11] 1 patient with INS off-therapy and SARS-CoV-2 infection

Enya et al. [13] Relapse in a 3 years old INS patient on low-dose steroid

treatment with SARS-CoV-2 infection

Al Yazidi et al. [14]  Relapse in a 10 years old INS patient with SARS-CoV-2

infection

Harambat et al. [17]  Comparison between INS relapses rate from March 16 to

August 30, 2020 and the same period in 2019 in France

Onset of INS in a 15 years old patient with SARS-CoV?2
infection

Alvardo et al. [20]

Shah et al. [21] Onset of INS in an 8 years old patient with SARS-CoV-2

infection

- None reported a previous SARS-CoV-2 infection docu-
mented by a nasal swab test

- No patients reported symptoms compatible with COVID-
19

- No admission to intensive care unit
- No death

- 2/4 asymptomatic
- 2/4 INS relapse treated with steroids

- Benign clinical course in both patients (1 asymptomatic; 1
with mild upper airways symptoms)
- No IS therapy modifications needed

- Mild clinical course for most patients

- 4/113 cases of deaths (all from low-income countries;
underlying disease not specified)

- Mild course of disease

- IS therapy was stopped

- INS relapse during SARS-CoV-2 infection—oxygen
therapy required
- Remission in 7 days with oral steroids

- Relapse during steroid tapering after a recent onset of
steroid sensible INS

- Mild SARS-CoV-2 infection

- Remission after full-dose steroid treatment

- Hospitalization and albumin infusions for worsening
edema

- Discharged after 48 h with steroid treatment

- Mild clinical course

- Similar relapse rate during the first wave in 2020 and the
corresponding period of 2019

- Respiratory involvement

- Typical INS onset (anasarca, hypoalbuminemia, proteinu-
ria, hyperlipidemia)

- Treatment with chloroquine, azithromycin and methylpred-
nisolone pulses for 5 days with clinical improvement

- No available information about remission

- No viral symptoms

- Typical onset (oedema, proteinuria, hypoalbuminemia,
hyperlipidemia)

- Treatment with oral steroids

- Remission in 7 days

Table 2 Summary of reported patients with INS and SARS-CoV-2 infection

Patients with INS and SARS-CoV-2 infection n=43 » Mild clinical course for most patients

* Low need of respiratory support

* No deaths reported in high income countries
Patients with SARS-CoV-2 infection complicated by INS relapse n= * Good response to steroids

Patients with new onset of INS during SARS-CoV-2 infection

« Typical clinical presentation

« Sensitivity to steroids in one patient

* No available information about remission for
the other patient
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vs. 62%), fever (65% vs. 65%) and mechanical ventilation
(4% vs. 4%). In contrast with all previous studies, 4 deaths
due to COVID-19 in immunosuppressed children were
reported; the underlying kidney diseases of these patients
were not specified. It must be noted that all deaths were
reported from low-income countries. Therefore, to date, no
cases of death due to SARS-CoV-2 infection are reported
among pediatric patients with INS in Western countries,
symptoms are mostly mild, and the need of intensive care
is low.

Relapses of INS related to SARS-CoV-2 infection

To date, 5 cases of relapse during a documented SARS-
CoV-2 infection are reported in pediatric patients with INS
(Table 2). Melgosa et al. described the course of SARS-
CoV-2 infection in 16 pediatric patients with kidney dis-
eases [12], of whom four had a steroid-dependent INS on
chronic immunosuppression. In all patients the viral infec-
tion was mild; no child needed intensive care admission or
died. Two of the 4 INS patients experienced a relapse during
the SARS-CoV-2 infection; both were easily managed with
oral steroids. Enya et al. reported the case of a 3-year-old
Japanese boy who developed SARS-CoV-2 infection with a
progressive increase of proteinuria five weeks after the onset
of a steroid-sensitive NS, during steroid tapering [13]. Fever
and periorbital oedema were present at the time of relapse.
A full dose steroid treatment allowed for prompt remis-
sion, within one week. A similar benign course with a good
response to steroid therapy was reported in a 10-year-old
boy from Oman [14]. Basaley et al. described a relapse in a
febrile child affected by both SARS-CoV-2 and Streptococ-
cus Agalactie [11]. He needed oxygen therapy, antibiotic and
diuretic treatment and albumin infusion. Prophylactic enoxa-
parin was administrated for the increased risk of thrombosis
related to INS relapse and SARS-CoV-2 infection. Remis-
sion was achieved 7 days after oral steroids initiation.

In a French national study by Harambat et al. retrospec-
tively comparing the number of relapses in children with
INS from March 16 to August 30, 2020 (0.78 relapse/
patient-year), with the same period in 2019 (0.91 relapse/
patient-year), the risk of relapse was not increased during
the COVID-19 pandemic [17]. Nonetheless, no SARS-
CoV-2 infections were identified. It has been reported that
the restrictions in place during the lockdown period have
reduced the diffusion of many infectious diseases among
children [18] and this may have had a positive effect on the
total number of INS relapses, counteracting the risk related
to SARS-CoV-2 infection itself, moreover the ongoing
immunosuppression could have played a role in mitigating
the incidence of relapse in these children.

Infectious diseases, especially viral upper respira-
tory infections, trigger INS relapses [19]. Thus, from the

beginning of the pandemic, main concerns were related to
the possible effect of SARS-CoV-2 infection on the activ-
ity of the disease in children with INS. According to the
literature, relapse is a possible complication of SARS-CoV?2
infection in children with INS, steroid treatment is safe and
effective, but the incidence of relapses seems unchanged
during the pandemic, when compared to previous years.

New onset of INS during SARS-CoV-2 infection

The onset of a de novo INS in association with a SARS-
CoV2 infection has been reported in 2 pediatric patients [20,
21] aged 8 and 15 years, respectively (Table 2). While, the
8-year-old patient did not have the typical symptoms of a
viral infection, the 15-year-old patient presented with fever,
myalgias, worsening dyspnea and bilateral pleural effusion,
with reticular interstitial opacity at the chest X-ray. In both
patients, the clinical picture was complicated by progres-
sive generalized oedema and weight gain. Urine and blood
tests showed proteinuria, hypoalbuminemia and hypercho-
lesterolemia, as expected at INS onset. The first patient was
treated with oral steroids and remission was achieved in
7 days. The older one was treated with chloroquine, azithro-
mycin and boluses of methylprednisolone for 5 days with
clinical improvement, but no information about remission
is available.

Onset of INS during SARS-CoV-2 infection is not a com-
mon event and it seems to have a regular clinical course
with no complications related to the administration of steroid
therapy during the infection.

Vaccination against SARS-CoV-2 in children with INS

Specific data on vaccination against SARS-CoV-2 in pae-
diatric patients with INS are lacking, nonetheless we were
able to review general information on available vaccines and
the evidence from adults and immunocompromised patients.

The four EMA-approved COVID19 vaccines have shown
clinical efficacy against SARS-CoV-2 [22-25]. Both the
mRNA-1273 (Spikevax) and BNT162b2 (Comirnaty) vac-
cines are composed of lipid-nanoparticles encasing pieces of
non-replicating single-stranded nucleoside-modified mRNA
encoding for the spike protein of the SARS-CoV-2 [22, 23].
The ChAdOx1 (Vaxzevria) and Ad26.COV2.S (Jannsen)
vaccines are based on recombinant, replication-deficient
adenovirus vectors, modified to express the spike protein
of SARS-CoV-2 on the surface of the cells, allowing for the
immune response [24, 25].

Both mRNA vaccines have shown a proven efficacy, with
a good safety profile, and have been approved in children
aged 12-17 years old [26, 27]. The EMA-authorized replica-
tion-deficient adenovirus vaccines (Vaxzevria and Janssen)
are yet to be approved in the paediatric age groups.
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The possibility of INS relapse due to the vaccine seems
unlikely, nonetheless a few cases have been reported in the
adult population. Bomback et al. [28] collected 5 described
cases of minimal change disease (MCD) relapses, following
the first dose of SARS-CoV-2 vaccination (3 Comirnaty, 2
Vaxzevria), in adults, aged 22-60 years old. All achieved a
complete remission after immunosuppressive treatment. It
must be noted that 1 out of the 4 patients who completed
the vaccination schedule had a second relapse following the
second dose.

Five patients with de novo MCD related to SARS-CoV-2
vaccination with mRNA vaccines (4 Comirnaty, 1 Spikevax)
were also reported by the same author [28]. Another case of
MCD onset was described after Janssen vaccination [29].
All patients were above 50 years old and manifested symp-
toms around the first week from the first dose of vaccination.
Steroid treatment led to partial or complete recovery in all
patients. One patient was given the second dose followed by
a relapse of proteinuria.

Even if the vaccination campaign in children is only at the
beginning, to date, no relapses have been reported in pedi-
atric patients with INS, following anti-SARS-CoV-2 vac-
cination. Moreover, recent data from a prospective cohort
study of 80 children and young adults with INS did not show
a difference in relapse rate during the 24-month follow-up
between 19 patients who had received a vaccination and 61
who had not, even though this study did not include anti-
SARS-CoV-2 vaccinations [30].

Recent studies have shown that immunocompromised
patients have a higher risk of developing persistent SARS-
CoV-2 infections [31, 32]. This may create either more path-
ogenic or more transmissible SARS-CoV-2 variants, which
would have many public health and medical implications.
Such patients should be prioritized for vaccination not only
to protect them from SARS-CoV-2 but also to reduce per-
sistent infections, a dangerous source of new variants [33].
Pediatric patients with INS on immunosuppressive treatment
are not an exception. Nonetheless, a lower antibody response
in a heavily immunosuppressed cohort of patients has been
reported and a three dose schedule has been proposed to
increase vaccine immunogenicity in this population [34].

Infections are one of the most common complications in
children with INS and patients are recommended to follow
the schedule of the healthy population for inactive vaccines
[35]. However, live vaccines are generally contraindicated
under immunosuppressive treatment [36].

Due to the paucity of data, there is no strong evidence on
SARS-CoV-2 vaccination in children with INS, therefore
the following conclusions are based on the panel’s expert
opinion. While SARS-Cov-2 infection shows a mild disease
course in pediatric patients with INS on immunosuppressive
drugs [16], with an incidence and severity of the disease
comparable to that of the general pediatric population [5, 6,
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9], the vaccination of patients affected with INS, whether on
immunosuppressive therapy or not, would appear to be an
effective choice in both lowering the spread of the virus and
preventing possible severe disease. In the pediatric popula-
tion the hypothetical risk of relapse following the vaccina-
tion, even if present, could be offset by the more concrete
chance of relapse related to SARS-CoV-2 infection itself
[11-14, 37].

We believe that anti-SARS-CoV-2 vaccination should be
performed in children with INS with or without immunosup-
pressive therapy, monitoring signs of potential relapse. Since
both Adenovirus vaccines are not yet approved in children
and have a warning note on patients taking immunosuppres-
sive therapies, our advice is to use mRNA vaccines. This
recommendation is also based on the overall preference of
inactivated vaccines over live or attenuated ones in immu-
nocompromised patients.

We would furthermore like to emphasize the importance
of including pediatric patients with INS in prospective clini-
cal trials in order to verify both the immunogenicity and
risks of vaccination in this population.

Recommendations

After reviewing the available literature, the panel drew up
the following recommendations. Considering the lack of
controlled data in this area, the recommendations are mostly
based on expert opinions.

Management of immunosuppression during the pandemic

I) We suggest continuing the ongoing chronic IS ther-
apy in patients with INS, regardless of the pandemic
situation, while patients and parents should be taught
to report to their doctors any SARS-CoV-2 infection
or related symptoms.

II) Immunosuppressive therapy should be initiated
or intensified with no COVID-related concerns, if
required for the management of INS.

Restrictions

III) We recommend that children affected by INS do not
require more stringent protection measures compared
to healthy peers, during the pandemic.

SARS-Cov-2 infection in children with INS

IV) We suggest to adopt the management protocol of
healthy children, in the event of a SARS-CoV-2
infection in INS children in remission and treatment
free. There is no need for pre-emptive hospitalization.
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V)

Signs of disease relapse should be monitored closely
(i.e., urine dipstick). In the case of a severe SARS-
CoV-2 infection, hospitalization and reduction of the
IS therapy should be considered.

We suggest to continue the ongoing treatment and
to avoid immediate hospitalization, in the event of
an asymptomatic or mild SARS-CoV-2 infection in
INS children, undergoing IS therapy. Signs of disease
relapse should be monitored closely (i.e., urine dip-
stick). In the case of a severe SARS-CoV-2 infection,
hospitalization and reduction of the IS therapy could
be considered.

Relapse

VI)

VII)

We suggest INS relapses to be treated with steroid
therapy, following the standard guidelines and the
good clinical practice. There is no reason to delay the
initiation of steroid therapy during the pandemic.
We suggest to handle SARS-CoV-2-related INS
relapses according to the current clinical guidelines
for the management of INS.

Vaccinations

VIII) We recommend vaccination against COVID-19 in all

IX)

X)

XT)

XII)

INS patients, following the age limits established by
the drug control agencies (EMA/FDA).

The vaccination should be preferentially performed
with an mRNA vaccine, according to the age restric-
tions of adenovirus vector vaccines and especially in
patients undergoing IS therapy.

In case of an ongoing anti-CD20 therapy (i.e., rituxi-
mab), vaccination should be postponed at least six
months after the suspension of the treatment to
allow for B-cell reconstitution and to maximize the
response.

After vaccination, relapse signs should be closely
monitored (i.e., urine dipsticks).

Vaccination should not be performed during relapses.
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