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Introduction 

Since its first outbreak in 2019, coronavirus disease 2019 

(COVID-19) has spread rapidly worldwide, affecting millions of 

people differently. South Korea has also been heavily affect-

ed by COVID-19, with 23.6 million confirmed cases and 27,149 

deaths reported as of September 5, 2022. Among the total 
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Purpose: Children with nephrotic syndrome may experience disease relapse or aggravation triggered by various viral infections. 
Limited studies on the clinical implications of the coronavirus disease 2019 (COVID-19) pandemic in children with nephrotic syn-
drome have been published worldwide. Therefore, this study aimed to investigate the effects of COVID-19 on the clinical course 
of nephrotic syndrome in children. 
Methods: The medical records of 59 patients with idiopathic nephrotic syndrome who visited our hospital between February and 
June 2022 were retrospectively analyzed. 
Results: Twenty of the total 59 patients with nephrotic syndrome were diagnosed with COVID-19 during the study period. The 
mean age at the time of the diagnosis of nephrotic syndrome and COVID-19 in all 20 patients was 4.6±3.5 and 8.9±3.9 years, re-
spectively. Three patients (15%) were diagnosed with nephrotic syndrome relapse during COVID-19 and the relapse rate was 
similar to them without COVID-19 (20.5%, 8/39 patients). At the time of the COVID-19 diagnosis, fever (85%) and cough (40%) were 
the most common symptoms. After the diagnosis of COVID-19, all patients showed improvement with symptomatic treatment, 
including antipyretic analgesics and cold medicine. None of the critical patients required hospitalization or oral antiviral medi-
cations. 
Conclusions: Despite the use of immunosuppressants, the clinical manifestations of COVID-19 in children with nephrotic syn-
drome were not severe and are expected to be similar to that in the general population. The relapse rate of nephrotic syndrome 
in children with COVID-19 was also not different from them without COVID-19. 
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number of confirmed cases, 5.67 million cases were reported in 

children aged <19 years, accounting for 24% of the total cases, 

with 46 deaths, indicating that the severity of COVID-19 in pedi-

atric patients was significantly lower than that in adults [1]. Sev-

eral reports have described de novo kidney involvement and 

aggravation of underlying renal diseases due to COVID-19 or 

vaccination in adult patients [2-6]. Recently, cases of renal com-
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plications due to COVID-19 or vaccination have been reported 

in pediatric patients [7-9]; however, the clinical significance of 

COVID-19 in pediatric patients with kidney disease is unclear. 

In addition, although nephrotic syndrome relapse is closely 

related to various viral infections, there are limited studies on 

the clinical implications of the COVID-19 pandemic in pediatric 

patients with nephrotic syndrome. Therefore, this study aimed 

to investigate the effect of COVID-19 on the clinical course of 

nephrotic syndrome in children. 

Methods 

The medical records of pediatric patients with idiopathic ne-

phrotic syndrome who visited our hospital between February 

and June 2022 were retrospectively analyzed. Patients aged <1 

year and >19 years and those with inadequate medical records 

were excluded. Finally, total 59 patients (20 pediatric patients 

diagnosed with COVID-19 and 39 pediatric patients who did not 

have COVID-19) were included in the study. Relapse of the ne-

phrotic syndrome within 2 weeks of COVID-19 was defined as 

a relapse caused by COVID-19. The diagnosis of COVID-19 was 

confirmed using real-time polymerase chain reaction or rapid 

antigen testing performed at a public health center hospital. 

Student t-test was performed to evaluate continuous variables. 

Statistical significance was set at a P-value of <0.05. All statisti-

cal analyses were conducted using the R software, version 3.4.3 

(R Foundation for Statistical Computing, Vienna, Austria). 

Results 

The baseline characteristics of 59 nephrotic syndrome patients 

who visited our hospital during the study period are as follows: 

mean age at the study period, 9.3±3.7 years; mean age at diag-

nosis of nephrotic syndrome, 4.8±3.1 years; male, 79.7%; ste-

roid-sensitive nephrotic syndrome, 81.4% (Table 1). 

Comparison of the group with and without COVID-19

Twenty of the total 59 patients with nephrotic syndrome were 

diagnosed with COVID-19 during the study period (Table 2). The 

mean age at the time of the diagnosis of nephrotic syndrome 

of 20 patients confirmed with COVID-19 during the study pe-

riod was 4.6±3.5 years. Their mean age at the time of COVID-19 

diagnosis was 8.9±3.9 years, and the mean period from the 

diagnosis of nephrotic syndrome to that of COVID-19 was 4.6 

years. In study population, most COVID-19 cases occurred in 

April 2022, similar to the general trend of COVID-19 cases in 

South Korea (Fig. 1). The ratio of patients with steroid-sensitive 

nephrotic syndrome to those with steroid-resistant nephrotic 

syndrome was 14:6. All patients visited the hospital for regular 

follow-up within a month before contracting COVID-19, and the 

urinalysis results at that time showed no proteinuria. The drugs 

used for the treatment of nephrotic syndrome during COVID-19 

included patients receiving corticosteroid therapy alone (n=5), 

cyclosporine therapy alone (n=4), corticosteroid and cyclospo-

rine combination therapy (n=3), rituximab therapy within 1 year 

(n=3), tacrolimus therapy alone (n=1), and corticosteroid and 

tacrolimus combination therapy (n=1). The mean daily dose for 

patients receiving steroids was 0.7±0.6 mg/kg. The mean dose 

of tacrolimus was 0.05±0.01 mg/kg/day, while that of cyclospo-

rine was 5.3±0.4 mg/kg/day. The rate of immunosuppressant 

use was significantly lower in patients without COVID-19 than 

in patients with COVID-19 (P<0.01). However, the other baseline 

characteristics were similar between the groups. At the time 

of COVID-19 diagnosis, fever (85%) and cough (40%) were the 

most common symptoms. Other symptoms, such as abdomi-

nal pain, diarrhea, and headache were also present. Two of the 

20 patients (10%) diagnosed with COVID-19 were vaccinated 

before diagnosis. Three of the 20 patients with COVID-19 were 

treated with CD20 monoclonal antibody (rituximab) within 1 

year before being diagnosed with COVID-19. In all of them, the 

administration effect was confirmed by measuring complete 

depletion of B cells (<1% of lymphocytes) immediately after 

CD20 monoclonal antibody (rituximab) therapy. However, be-

cause they were diagnosed with COVID-19 at the local medical 

centers and none of them experienced nephrotic syndrome 

relapse or severe COVID-19 clinical manifestations, they did not 

visit our hospital and recovered without antiviral medications. 

Table 1. Baseline characteristics of patients with nephrotic syndrome

Characteristic Value (n=59)
Age at the study period (yr) 9.3±3.7
Age at diagnosis of nephrotic syndrome (yr) 4.8±3.1
Male sex 47 (79.7)
SSNS:SRNS 48:11
Frequent relapse 31 (52.5)
Perform a renal biopsy 14 (23.7)
  Minimal change disease 11
  Focal segmental glomerulosclerosis 3

Values are presented as mean±standard deviation or number (%).
SSNS, steroid-sensitive nephrotic syndrome; SRNS, steroid-resistant 
nephrotic syndrome.
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Table 2. Comparison of clinical characteristics between the patients with and without COVID-19

Characteristic COVID-19 (+) COVID-19 (–) P-value
No. of patients 20 39
Male sex 17 (85.0) 30 (76.9) 0.47
Age at diagnosis of NS (yr) 4.6±3.5 4.9±2.9 0.71
Age at the study period (yr) 8.9±3.9 9.5±3.6 0.62
SSNS:SRNS 14:6 34:5 0.11
Frequent relapse 11 (55.0) 20 (51.3) 0.79
Performed renal biopsy 5 (25.0) 9 (23.1) 0.87
  Minimal change disease 3 8
  Focal segmental glomerulosclerosis 2 1
History of relapse triggered by URI 13 (65.0) 22 (56.4) 0.52
eGFR at the study period (mL/min/1.73 m2) 117.3±21.9 126.2±20.0 0.12
Period from the diagnosis of NS to study (yr) 4.6±3.1 4.4±3.6 0.83
Drugs being taken at the study period
  Corticosteroid alone 5 (25.0) 3 (7.7)
  Cyclosporine alone 4 (20.0) 8 (20.5)
  Corticosteroid + cyclosporine 3 (15.0) 0
  Tacrolimus alone 1 (5.0) 1 (2.6)
  Corticosteroid + tacrolimus 1 (5.0) 0
  Mycophenolate mofetil + tacrolimus 0 1 (2.6)
  Rituximab (within 1 yr) 3 (15.0) 5 (12.8)
  Rituximab (within 1 yr) + corticosteroid 0 1 (2.6)
  None 3 (15.0) 20 (51.3) <0.01
Patient number with NS relapse during study period 3 (15.0) 8 (20.5) 0.61

Values are presented as number (%) or mean±standard deviation.
COVID-19, coronavirus disease 2019; NS, nephrotic syndrome; SSNS, steroid-sensitive nephrotic syndrome; SRNS, steroid-resistant nephrotic 
syndrome; URI, upper respiratory infection; eGFR, estimated glomerular filtration rate.

Fig. 1. Comparison of trends in the cumulative number of confirmed coronavirus disease 2019 (COVID-19) cases in South Korea and our study 
subjects by month. Data from: Korea Disease Control and Prevention Agency (September 5, 2022) [1].
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After the diagnosis of COVID-19, all 20 patients experienced im-

provement with symptomatic treatment, including antipyretic 

analgesics and cold medicine. None of the patients developed 

critical conditions requiring hospitalization or the administra-

tion of oral antiviral medications such as Paxlovid.  

Clinical characteristics of three patients relapsed during 

COVID-19

Three (15%) of the 20 patients with COVID-19 were diagnosed 

with nephrotic syndrome relapse while COVID-19 was ongoing 

(Table 3). Patients with nephrotic syndrome who visited our 

hospital during the study period but did not contract COVID-19 

had a relapse rate of 20.5% (eight of 39 patients). All three pa-

tients diagnosed with nephrotic syndrome relapse complained 

of fever and abdominal pain during COVID-19, and none of the 

three patients diagnosed with nephrotic syndrome relapse 

during COVID-19 were vaccinated. One of the three patients 

diagnosed with nephrotic syndrome relapse during COVID-19 

was not receiving immunosuppressants. Of the other two pa-

tients, one received steroids at a dose of 0.4 mg/kg/day, and the 

other received cyclosporine at a dose of 5.5 mg/kg/day. In these 

two patients, the dose of immunosuppressants was not higher 

than that in patients without relapse during COVID-19. All pa-

tients who relapsed during COVID-19 responded well to corti-

costeroid treatment at the time of relapse. 

Discussion 

The number of COVID-19 cases in the pediatric age group was 

low during the early stages of the pandemic, but it gradually 

increased as the unprecedented COVID-19 pandemic contin-

ued to spread worldwide [10]. A systematic review published in 

Pediatric Pulmonology in 2020 reported that >50% of pediatric 

patients with COVID-19 complained of asymptomatic or mild 

symptoms, and approximately 1% of patients complained of 

critical clinical symptoms [11]. The most common symptoms 

were fever, cough, nasal symptoms, diarrhea, and nausea/

vomiting [11-13]. COVID-19 may also cause various pulmonary, 

gastrointestinal, cardiovascular, neurological, and renal com-

plications [11,14-16]. In addition to possibly increasing risks of 

new kidney disease, COVID-19 may also worsen the course of 

patients with underlying kidney disease. Acute kidney injury 

is an important complication of COVID-19, and several cases of 

acute tubulointerstitial nephritis and acute glomerulonephritis 

in pediatric patients have been reported [4,5]. Shah et al. [17] 

first reported on a new-onset nephrotic syndrome associated 

with COVID-19 in an 8-year-old boy, followed by Alvarado et al. 

[18], who reported on a case of COVID-19 associated with the 

onset of nephrotic syndrome in a 15-year-old boy. COVID-19 

has various effects on the clinical courses of patients with 

underlying diseases. Recently, a number of reports related to 

nephrotic syndrome relapse have been published, with some 

focusing on pediatric patients. Moreover, the incidence of ne-

phrotic syndrome relapse is increasing in children with upper 

respiratory tract infections. According to previous studies, at 

least 50% of nephrotic syndrome relapses are caused by upper 

respiratory tract infections [19,20]. The mechanism by which 

infection leads to nephrotic syndrome relapse is unclear, but it 

may be related to a non-specific host response, such as cyto-

kine release in response to infection [20]. It has been hypothe-

Table 3. Clinical characteristics of three patients diagnosed with nephrotic syndrome relapse during the COVID-19 illness

Characteristic Patient 1 Patient 2 Patient 3
Sex Male Male Female
Age at diagnosis of NS (yr) 3.0 3.3 4.5
Age at the time of COVID-19 (yr) 5.7 10.5 7.8
Steroid responsiveness Steroid-resistant Steroid-sensitive Steroid-sensitive
Frequent relapse No Yes No
Performed renal biopsy (result) No Yes (MCD) No
History of relapse triggered by URI No Yes Yes
Duration from the diagnosis of NS to COVID-19 (yr) 2.7 7.2 3.3
Drug being taken at the time of COVID-19 (dose, mg/kg/day) Cyclosporine (5.5) Corticosteroid (0.4) None
Duration from diagnosed COVID-19 to relapse (day) 5 3 0
Time to remission (day) 9 6 12
Follow-up period after remission (mo) 4 2 4
Relapse during follow-up after remission None None None

COVID-19, coronavirus disease 2019; NS, nephrotic syndrome; URI, upper respiratory infection; MCD, minimal change disease.
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sized that infection-induced nephrotic syndrome relapse can 

be caused by podocytopathy based on the concepts of immune 

dysregulation and increased glomerular permeability [21]. In 

pediatric patients, the symptoms of COVID-19 vary, and the in-

fection severity is not as high as that reported in adult patients 

[12,13]. The pediatric patients with nephrotic syndrome includ-

ed in this study also had various symptoms, and all complained 

of only mild symptoms that improved spontaneously without 

hospital treatment. An original article published by Crane et 

al. [22] and a systematic review published by Morello et al. [23] 

found that pediatric nephrotic syndrome did not increase the 

severity of COVID-19 and that the relapse rate of nephrotic syn-

drome triggered by COVID-19 was low. In the present study, only 

three of the 20 patients (15%) were diagnosed with nephrotic 

syndrome relapse due to COVID-19, all of whom responded well 

to steroid treatment. The long-term use of immunosuppressive 

agents in pediatric patients with nephrotic syndrome did not 

adversely affect the severity of COVID-19, consistent with find-

ings of previous studies [23-25]. The association between ritux-

imab and COVID-19, which has a significant effect on immune 

response, also showed similar results. Recently, the frequency 

of rituximab administration is increasing for the treatment of 

pediatric nephrotic syndrome since the public health insurance 

benefits were applied in South Korea. Although there has been 

a substantial debate about the administration of rituximab in 

children concerning infection associated with the COVID-19 

pandemic, several studies have demonstrated that rituximab 

has no significant effect on the incidence, clinical severity, or 

antibody production in pediatric patients with COVID-19 [26,27]. 

In the present study, four patients received rituximab treat-

ment 4 to 9 months before the study period, none of whom 

were diagnosed with nephrotic syndrome relapse or other 

severe complications of COVID-19. Therefore, pediatric pa-

tients with nephrotic syndrome requiring immunosuppressive 

agents such as rituximab can receive treatment, even in the 

special situation of the COVID-19 pandemic.  

However, this study has some limitations. First, the small 

number of included patients owing to the short observation 

period. Therefore, information on later complications could not 

be confirmed. Second, it cannot be ruled out that patients who 

were not diagnosed with COVID-19 during the study period had 

asymptomatic COVID-19. However, to the best of our knowl-

edge, this study is the first study to report the clinical features of 

COVID-19 in Korean children with nephrotic syndrome. These 

findings provide valuable evidence for determining the clinical 

prognosis of pediatric patients with nephrotic syndrome diag-

nosed with COVID-19. 

In conclusion, the clinical manifestations of COVID-19 in chil-

dren with nephrotic syndrome were not severe in spite of re-

ceiving the immunosuppressant medications and are expected 

to be similar to that in the general population. Further, the 

relapse rate of nephrotic syndrome in children with COVID-19 

was not different from them without COVID-19. 
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