
Vol.:(0123456789)1 3

Pediatric Nephrology 
https://doi.org/10.1007/s00467-022-05588-0

ORIGINAL ARTICLE

Outcomes and risk factors for death among hospitalized children 
and adolescents with kidney diseases and COVID‑19: an analysis 
of a nationwide database

Mariana A. Vasconcelos1 · Ana Carmen Q. Mendonça1 · Enrico A. Colosimo2 · Noureddin Nourbakhsh3 · 
Hercílio Martelli‑Júnior4 · Ludmila R. Silva5 · Maria Christina L. Oliveira6 · Clara C. Pinhati1 · Robert H. Mak3 · 
Ana Cristina Simões e Silva1,6 · Eduardo A. Oliveira1,6

Received: 18 January 2022 / Revised: 16 March 2022 / Accepted: 13 April 2022 
© The Author(s), under exclusive licence to International Pediatric Nephrology Association 2022

Abstract
Background  Patients with kidney diseases (KD) appear to be at particularly high risk for severe COVID-19. This study 
aimed to characterize the clinical outcomes and risk factors for COVID-19-related death in a large cohort of hospitalized 
pediatric patients with KD.
Methods  We performed an analysis of all pediatric patients with KD and COVID-19 registered in SIVEP-Gripe, a Brazilian 
nationwide surveillance database, between February 16, 2020, and May 29, 2021. The primary outcome was time to death, 
which was evaluated considering discharge as a competitive risk by using cumulative incidence function.
Results  Among 21,591 hospitalized patients with COVID-19, 290 cases (1.3%) had KD. Of these, 59 (20.8%) had a fatal 
outcome compared with 7.5% of the non-KD cohort (P < 0.001). Pediatric patients with KD had an increased hazard of death 
compared with the non-KD cohort (Hazard ratio [HR] = 2.85, 95% CI 2.21–3.68, P < 0.0001). After adjustment, the factors 
associated with the death among KD patients were living in Northeast (HR 2.16, 95% CI 1.13–4.31) or North regions (HR 
3.50, 95% CI 1.57–7.80), oxygen saturation < 95% at presentation (HR 2.31, 95% CI 1.30–4.10), and presence of two or 
more associated comorbidities (HR 2.10, 95% CI 1.08–4.04).
Conclusions  Children and adolescents with KD had a higher risk of death compared with the non-KD cohort. The higher 
risk was associated with low oxygen saturation at admission, living in socioeconomically disadvantaged regions, and pres-
ence of other pre-existing comorbidities.
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Introduction

The pediatric population has classically been viewed as 
highly vulnerable to infectious diseases. Somewhat unex-
pectedly, regarding the SARS-CoV-2 infection, there has 

been mounting evidence that the clinical outcomes in chil-
dren are much more favorable than in adults [1]. Neverthe-
less, a relatively small proportion of children might be at 
risk for severe disease and death [2, 3]. Among the risk fac-
tors for unfavorable outcomes in pediatric age, pre-existing 
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chronic conditions have emerged as strongly related with the 
severe spectrum of the disease [4, 5]. In a previous study, 
we reported that the presence and the number of pre-existing 
medical conditions, including kidney diseases (KD), exhib-
ited a step gradient effect significantly increasing the risk 
of death [6].

Data from the adult population suggested a higher inci-
dence of severe COVID-19 in individuals with chronic 
kidney disease (CKD) and a poor prognosis of the disease 
in kidney transplant recipients [7–10]. Nevertheless, infor-
mation on COVID-19 in children with underlying CKD is 
limited, with few reports from developed countries [11, 
12]. Recently, Krishnasamy et al. [13] reported a compre-
hensive analysis of the clinical course of SARS-CoV-2 
infection in children with CKD in India. The authors have 
shown that children with CKD presenting with moderate-
to-severe COVID-19 are at risk of complications, including 
severe acute kidney injury (AKI) and death. However, little 
is known about risk factors for mortality among pediatric 
patients with KD and COVID-19. Further understanding of 
these issues may provide important insights and guide devel-
opment of strategies for target pediatric groups.

We recently analyzed data in children and adolescents 
hospitalized with COVID-19 from the Influenza Epidemio-
logical Surveillance Information System (SIVEP-Gripe) 
database, a Brazilian national registry [6, 14]. We described 
clinical outcomes and risk factors for death related to the 
first and second waves of COVID-19 in the Brazilian pedi-
atric population. It is important to note that, in these studies, 
we found a significant additive effect related to the presence 
of comorbidities. In the present study, using these datasets, 
we aimed to describe the features and outcomes of pediatric 
patients with KD and to evaluate the risk factors for COVID-
19-related death in this population.

Methods

Study design

We performed a retrospective cohort study including all 
hospitalized pediatric cases recorded in the SIVEP-Gripe. 
Detailed information regarding this database, including 
reporting form and data dictionary, codes, and all de-iden-
tified data, are publicly available at https://​opend​atasus.​
saude.​gov.​br/​datas​et/​srag-​2020 and at https://​opend​atasus.​
saude.​gov.​br/​datas​et/​srag-​2021-e-​2022 for data of 2020 and 
2021, respectively.

Participants and case‑defining

We included all consecutively registered patients, aged 
less than 20 years, with a positive quantitative RT-PCR 

(RT-qPCR) test result for SARS-CoV-2 who were admit-
ted to the hospital. For the present study, we integrated two 
datasets. First, we downloaded the SIVEP-gripe database on 
January 10, 2021 (corresponding to the cases admitted from 
February 16, 2020, to December 31, 2020). The second data-
base was downloaded on May 29, 2021 (corresponding to 
the cases admitted from January 1, 2021, to May 29, 2021). 
For the purpose of analysis, we merged both datasets into 
a unique database and the cohort was divided into groups: 
wave 1 and wave 2. The rationale for separating the sample 
into two waves was due to the emergence of the Gamma var-
iant identified in January 2021 in the city of Manaus, Brazil 
[15]. This strain became predominant in Brazil in mid-Feb-
ruary 2021 and was characterized by greater transmissibility 
and a more severe spectrum of the disease in both adult and 
pediatric populations [14, 16]. Detailed information about 
included and excluded cases are displayed in the flowchart 
(Fig. 1). Over the entire period, a total of 1,976,367 hospi-
talized cases were registered in SIVEP-Gripe database. Of 
them, 133,565 (6.8%) were younger than 20 years at admis-
sion and 21,591 (1% of the total hospitalized cases and 16% 
of the pediatric age group) had a laboratory-confirmed result 
for SARS-CoV-2 infection and were included in the analysis.

We identified KD cases in the SIVEP-Gripe database by 
retrieving data from specific fields for comorbidities. In the 
database, information about comorbidities is provided in 
closed-end fields (yes/no). In addition to KD, the dataset 
provides data on the following comorbidities: asthma, obe-
sity, diabetes, and cardiovascular, lung, kidney, liver, auto-
immune, neurologic, and hematologic diseases. However, 
this information is provided without any detailed clinical 
data about the underlying condition. In order to minimize 
this important limitation, we carefully revised the string 
field “morb_desc,” an open-ended one, which included 
some relevant clinical information, especially related with 
comorbidities and other risk factors (for example, identifica-
tion of a specific disease). Then, we tried to retrieve more 
information regarding cases with KD by cross-checking the 
fields “comorbidities” and “morb_desc.” Unfortunately, only 
about half of the “morb_desc” fields provided more specific 
information concerning the KD (for example, “urinary tract 
anomaly,” “kidney transplantation,” and so on). Moreover, 
we had no access to hospital record data to include informa-
tion about pharmacotherapies, laboratory results, or detailed 
clinical course of the patients.

Covariates and definitions

Clinical, demographic, and epidemiological data recorded 
in SIVEP-Gripe are described elsewhere [6]. The clinical 
course of the disease was reported in terms of respiratory 
support (none, non-invasive oxygen support, and invasive 

https://opendatasus.saude.gov.br/dataset/srag-2020
https://opendatasus.saude.gov.br/dataset/srag-2020
https://opendatasus.saude.gov.br/dataset/srag-2021-e-2022
https://opendatasus.saude.gov.br/dataset/srag-2021-e-2022
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ventilation), admission to intensive care unit (ICU), dis-
charge, death, and ongoing clinical situation.

Missing data management

In the SIVEP-Gripe dataset, the following covariates had 
missing information: gender (0.08%), ethnicity (19.6%), oxy-
gen saturation at admission (24.7%), ICU admission (8%), 
the use of ventilatory support (5.5%), and primary outcome 
(0.8%). We used various strategies to partially overcome this 
problem. We describe these strategies in detail elsewhere 
[14]. Briefly, patients with missing information about the 
primary outcome were removed from the survival analyses. 
For those cases with missing data on a particular symptom 
or comorbidity, we assumed that the clinical condition was 
absent. Finally, we performed a multiple imputation using 

all predictors plus the cumulative incidence function for 
the primary outcome. Ten imputed data sets were gener-
ated using the multiple imputation chain equations (MICE) 
package from the R software (R Foundation for Statistical 
Computing, Vienna, Austria. Available on https://​cran.r-​
proje​ct.​org/​web/​packa​ges/​mice/​index.​html). We combined 
the results from analyses on each of the imputed values using 
Rubin’s rules to produce estimates and confidence intervals 
that incorporate the uncertainty of imputed values [17, 18].

Outcome

The primary outcome was time until death (in-hospital-
mortality). The survival time was defined from the day of 
admission until the event (death or discharge). In the SIVEP-
Gripe database, outcome is classified into four categories: 

Fig. 1   Flow diagram of cohort 
selection

https://cran.r-project.org/web/packages/mice/index.html
https://cran.r-project.org/web/packages/mice/index.html
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(1) recovered, (2) death, (3) death from other causes, and 
(4) unknown. For analysis purposes, we considered only 
the cases registered as COVID-19-related death as the main 
outcome. Hospital discharge (recovered in the database) 
and death from other causes were considered concurrent 
events (using the date of discharge or date of death for other 
causes). The remaining cases were considered as an ongoing 
clinical situation and were censored on the last date recorded 
in the field.

Statistical analysis

We used medians and interquartile ranges (IQRs) or means 
and standard deviations (SDs) to summarize continuous 
variables and calculated frequencies and proportions for 
categorical variables. We compared means and proportions 
using F test and the chi-squared test. All statistical tests 
were two tailed, and statistical significance was defined 
as P < 0.05.

Mortality was evaluated by competing risks analysis, 
using cumulative incidence function (CIF) [19]. Discharge 
and death for other causes were analyzed as competing 
events in the competing-risk analysis. Complete data were 
not available for all variables, especially ethnicity and oxy-
gen saturation. We carried out multiple imputations using all 
predictors plus the CIF for the primary outcome. This pro-
cedure creates multiple copies of the data and allows impu-
tations of the missing values for each dataset with sensible 
values randomly selected from their predicted distribution. 
Ten imputed values were generated using the multiple impu-
tation chain equation (MICE) package of the software R. We 
combined the results from analyses on each of the imputed 
values using Rubin’s rules to produce estimates and confi-
dence intervals that incorporate the uncertainty of imputed 
values [17, 18]. For comorbidities, we assumed missing val-
ues as the absence of the clinical condition.

Ethical aspects

We accessed data in SIVEP-Gripe, which are de-identified 
and publicly available. Following ethically agreed principles 
on open data, this analysis did not require ethical approval 
in Brazil. We reported our findings following the guideline 
STROBE for observational cohort studies [20].

Results

Baseline demographic, clinical characteristics, 
and outcomes

The entire cohort comprised 21,591 cases. Of them, 
290 (1.3%) were reported with KD in the database. The 

demographic and clinical characteristics of the cohorts 
according to the presence of KD are shown in Table 1. The 
comparison of proportions showed that the groups were 
clinically and demographically distinct. Children and ado-
lescents of the KD cohort were older at admission, were 
admitted more frequently in the first wave, and had more 
associated comorbidities than the non-KD cohort. The KD 
cohort also presented with greater proportion of respiratory 
symptoms and oxygen saturation < 95% at baseline.

The clinical outcomes are also shown in Table 1. Overall, 
patients with KD had higher prevalence of the severe spec-
trum of COVID-19, considering ICU admission, invasive 
ventilation, and death. Regarding critical support, 120 cases 
with KD (45.1%) were admitted to ICUs compared with 
24.1% of patients of the non-KD cohort (P < 0.0001). Of 
290 children and adolescents with KD, 63 (23.4%) required 
invasive ventilatory support as opposed to 9.7% of those 
without KD (P < 0.0001). Regarding mortality, 59 patients 
of the KD cohort (20.8%) died as compared with 7.5% of 
cases without KD (P < 0.0001).

The CIF of death for the groups is shown in Fig. 2A. The 
estimated probability of fatal outcome for the first 10, 20, 30, 
and 50 days of hospitalization for pediatric patients without 
KD was 4.5%, 6.3%, 7.3%, and 7.6% respectively, whereas 
for cases with KD was 11.2%, 15.9%, 18.9%, and 21.3%, 
respectively. According to the Fine–Gray model, children 
and adolescents with KD had a significantly increased haz-
ard of death compared with pediatric patients without KD 
(HR = 2.85, 95% CI, 2.21–3.68, P < 0.0001).

Among 290 children and adolescents with KD, data 
regarding the specific illness were available only for 143 
patients (49.3%). The demographic and clinical charac-
teristics of these cases are shown in Table 2. The catego-
ries were divided in glomerular disease (8.6%), kidney 
transplant recipients (KTR, 8.6%), congenital anomalies of 
kidney and urinary tract (CAKUT, 4.1%), CKD (27.9%), 
and those cases without information regarding the specific 
disease (50.7%). The main differences were age, associ-
ated comorbidities, and clinical outcomes. KTRs were 
older and had more associated comorbidities. CAKUT 
patients had a small proportion of ICU admission and 
invasive ventilatory support and none died during hospi-
tal stay (Table 2). The CIF of death for the KD is shown 
in Fig. 2B. The estimated probability of in-hospital death 
for children with CKD was 32.8%, for patients with glo-
merular disease 30.5%, for non-specified kidney disease 
17.5%, and for KTR patients, 13%.

Risk factors of fatal outcome

Risk factors were assessed among the 287 children and 
adolescents with KD with complete information regard-
ing the primary outcome. In the competing-risk univariate 
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analysis, using the Fine–Gray model-to-model mortality, 
female sex, patients from the poorest regions of the country 
(Northeast and North), presence of respiratory symptoms 
at baseline, oxygen saturation < 95%, and presence of other 

comorbidities were significantly associated with higher haz-
ard of death.

After adjustment by the competing-risk multivariate 
regression analysis, three covariates remained significantly 

Table 1   Demographic, clinical 
characteristics, and outcomes of 
children and adolescents with 
laboratory-confirmed COVID-
19 according to presence of 
kidney diseases (n = 21,591)

Overall (%)
21,591 (100)

Non-kidney 
disease cohort 
(%)
21,301 (98.7)

Kidney disease cohort (%)
290 (1.3)

P

Age (years)
  Median (Interquartile 

range)
  Mean (SD)

4.7 (0.8–14.6)
7.4 (7.0)

4.6 (0.8–14.5)
7.4 (7.0)

10.7 (3.7–16.3)
10.3 (6.4)

 < 0.0001
 < 0.0001

Age group (years)
  0.0–9.9
  10–19.9

13,856 (64.2)
7735 (35.8)

13,719 (64.4)
7582 (35.6)

137 (47.2)
153 (52.8)

 < 0.0001

Gender (n = 21,573)
  Female
  Male

10,411 (48.3)
11,162 (51.7)

10,267 (48.2)
11,016 (51.8)

144 (49.7)
146 (50.3)

0.63

Wave
  First
  Second

11,574 (53.6)
10,017 (46.4)

11,395 (53.5)
9906 (46.5)

179 (61.7)
111 (38.3)

0.005

Region
  Southeast
  South
  Central-West
  Northeast
  North

8075 (37.4)
2204 (10.2)
2293 (10.6)
5748 (26.6)
3271 (15.1)

7949 (37.3)
2177 (10.2)
2268 (10.6)
5669 (26.6)
3238 (15.2)

126 (43.4)
27 (9.3)
25 (8.6)
79 (27.2)
33 (11.4)

0.13

Ethinicity
  White
  Black/Brown
  Asian
  Indigenous

8047 (37.2)
13,107 (60.7)
181 (0.84)
256 (1.2)

7933 (37.2)
12,934 (60.7)
179 (0.84)
255 (1.2)

114 (39.3)
173 (59.7)
2 (0.70)
1 (0.30)

0.53

Signs and symptoms at baseline
  Fever
  Cough
  Respiratory distress
  Oxygen saturation < 95%
  Dyspnea
  Odynophagia
  Diarrhea
  Vomit
  Abdominal pain

14,140 (65.5)
12,971 (60.1)
9733 (45.1)
9580 (44.4)
10,470 (48.5)
3590 (16.6)
3187 (14.8)
3629 (16.8)
1454 (6.7)

13,966 (65.6)
12,826 (60.2)
6993 (42.5)
6674 (40.6)
7472 (45.4)
2859 (17.4)
2524 (15.4)
2804 (17.1)
1129 (6.9)

174 (60.0)
145 (50.0)
126 (43.4)
136 (46.9)
136 (46.9)
38 (13.1)
53 (18.3)
52 (17.9)
19 (6.6)

0.053
0.001
 < 0.001
 < 0.001
 < 0.001
 < 0.001
 < 0.001
0.15
0.38

Number of comorbidities
  None
  1
  2
   > 3

16,441 (76.2)
4313 (20.0)
693 (3.2)
144 (0.67)

16,441 (77.2)
4165 (19.5)
599 (2.8)
96 (0.45)

0 (0.0)
148 (51.0)
94 (32.4)
48 (16.6)

 < 0.0001

ICU admission (n = 19,867)
  Yes
  No

5243 (26.4)
14,624 (73.6)

5123 (24.1)
14,472 (75.9)

120 (45.1)
152 (55.9)

 < 0.0001

Ventilatory support (n = 20,396)
  None
  Non-invasive
  Invasive

11,272 (55.3)
6994 (34.3)
2130 (10;4)

11,145 (52.3)
6909 (32.4)
2067 (9.7)

127 (46.2)
85 (30.9)
63 (23.4)

 < 0.0001

Death
  Yes
  No

1661 (7.7)
19,930 (92.3)

1602 (7.5)
19,699 (92.5)

59 (20.3)
231 (79.7)

 < 0.0001
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associated with the hazard of COVID-19-related death 
among KD pediatric patients: living in Northeast (HR 2.16, 
95% CI 1.13–4.31) or North regions (HR 3.50, 95% CI 
1.57–7.80), oxygen saturation < 95% at presentation (HR 
2.31, 95% CI 1.30–4.10), and presence of two or more asso-
ciated comorbidities (HR 2.10, 95% CI 1.08–4.04).

Interestingly, the North region exhibited the higher hazard 
of death, even greater than any clinical feature. To assess 
this issue further, we examined the associations between 
regions, cohorts, and the main outcome. First, stratifying 
by the cohorts, in the pediatric population without KD, 
the death rates for North region and other regions were, 
respectively, 8.1% and 7.4% (P = 0.18). Conversely, in 
the pediatric patients with KD, the respective values were 
36.4% and 16.3% (P < 0.0001). Stratifying by regions, in 
the North region, the death rate for pediatric patients with 
KD and those without were, respectively, 8.1% and 36.4% 
(P < 0.0001). In the other regions, the respective values were 
7.4% and 18.5% (P < 0.0001).

Discussion

We describe the outcomes of SARS-CoV-2 infection in 
290 pediatric patients with KD included in a large cohort 
of hospitalized children and adolescents with laboratory-
proven diagnosis of COVID-19 in Brazil. Our findings show 
that children and adolescents with KD had a higher risk of 

severe COVID-19 and a significantly increased hazard of 
death compared with the non-KD cohort. Among pediatric 
patients with KD, after adjustment by the competing-risk 
survival analysis, the risk factors significantly associated 
with a higher hazard of death included clinical and social 
demographic covariates.

In a large systematic review and meta-analysis includ-
ing 348 studies (382,407 participants with COVID-19 and 
CKD; 1,139,979 total participants with CKD), Chung et al. 
[9] found that individuals with CKD are at higher risk of 
COVID-19 than the general population and are at higher 
risk of death than patients with CKD but without COVID-
19. On the other hand, there is a paucity of data in pediatric 
patients with CKD. In addition, the data reported are from 
high- or upper middle-income countries, which may limit 
the generalizability of the findings. Preliminary data from 
developed countries have shown that COVID-19 appears to 
have a benign clinical course in children with underlying 
KD [21–23]. For instance, Mastrangelo et al. [24] reported 
findings of the COVID-19 Task Force of the Italian Society 
of Pediatric Nephrology. Among 1572 children with CKD 
included in the study, swab tests were performed in 84 
patients, mostly symptomatic children. Only three patients 
(0.19%) tested positive for SARS-CoV-2, all living in the 
worst affected Italian region (Lombardy), and no patients 
fulfilled the criteria for the presence of severe COVID-19. 
Similarly, Plumb et al. [12] reported data from all 13 UK 
pediatric nephrology centers. Between March 26 and July 

Fig. 2   Cumulative incidence function of death according to (A) the overall presence of kidney diseases and (B) specific kidney diseases and non-
kidney disease cohorts
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Table 2   Demographic, clinical characteristics, and outcomes of children and adolescents with kidney diseases and laboratory-confirmed 
COVID-19 (n = 290)

KTR kidney transplant recipients, CAKUT congenital anomalies of kidney and urinary tract, CKD chronic kidney disease

Overall (%)
290 (100)

Nephrotic syndrome
25 (8.6)

KTRs (%)
25 (8.6)

CAKUT (%)
12 (4.1)

CKD (%)
81 (27.9)

Non-specified (%)
147 (50.7)

P

Age (years)
  Median (Inter-

quartile range)
  Mean (SD)

10.7 (3.7–16.4)
10.3 (6.5)

10.1 (3.1–16.1)
10.0 (6.5)

14.4 (10.4–17.5)
14.0 (4.4)

2.2 (0.9–10.9)
6.1 (6.5)

7.2 (1.1–15.3)
8.3 (6.9)

12.0 (6.0–12.5)
11.2 (6.1)

 < 0.001
 < 0.001

Age group (years)
  0.0–1.9
  2.0–9.9
  10–19.9

48 (16.6)
89 (30.7)
153 (52.8)

4 (16.0)
8 (32.0)
13 (52.0)

0 (0.0)
5 (20.0)
20 (80.0)

5 (41.7)
4 (33.3)
3 (25.0)

26 (32.1)
22 (27.2)
33 (40.7)

13 (8.8)
50 (34.0)
84 (57.1)

 < 0.001

Gender (n = 21,573)
  Female
  Male

144 (49.7)
146 (50.3)

12 (48)
13 (52)

18 (72)
7 (28)

3 (25)
9 (75)

40 (49.4)
41 (50.6)

71 (48.3)
76 (51.7)

0.09

Wave
  First
  Second

179 (61.7)
111 (38.3)

14 (56)
11 (44)

15 (60)
10 (40)

9 (75)
3 (25)

48 (59.3)
33 (40.7)

93 (63.3)
54 (36.7)

0.80

Region
  Southeast
  South
  Central-West
  Northeast
  North

126 (43.4)
27 (9.3)
25 (8.6)
79 (27.2)
33 (11.4)

9 (36)
3 (12)
3 (12)
6 (24)
4 (16)

20 (80)
1 (4)
2 (8)
2 (8)
0 (0)

4 (33.3)
1 (8.3)
2 (16.7)
4 (33.3)
1 (8.3)

36 (44.4)
3 (3.7)
7 (8.6)
26 (32.0)
9 (11.1)

57 (38.8)
19 (12.9)
11 (7.5)
41 (27.9)
19 (12.9)

0.08

Ethnicity
  White
  Non-White

114 (39.3)
176 (60.7)

10 (40.0)
15 (60.0)

18 (72.0)
7 (28.0)

8 (66.7)
4 (33.3)

25 (30.9)
56 (69.1)

53 (36.0)
94 (63.4)

0.001

Signs and symptoms at baseline
  Fever
  Cough
  Respiratory 

distress
  Dyspnea
  Oxygen satura-

tion < 95%
  Odynophagia
  Diarrhea
  Vomit
  Abdominal pain

174 (60.0)
145 (50.0)
126 (43.4)
136 (46.9)
136 (46.9)
38 (13.1)
53 (18.3)
52 (17.9)
19 (6.6)

15 (60)
15 (60)
9 (36)
11 (44.0)
13 (52.0)
3 (12.0)
5 (20.0)
2 (8.0)
2 (8.0)

17 (68.0)
9 (36.0)
2 (8.0)
6 (24.0)
9 (36.0)
2 (8.0)
5 (20.0)
6 (24.0)
3 (12.0)

9 (75.0)
6 (50.0)
5 (41.7)
6 (50.0)
4 (33.3)
1 (8.3)
7 (58.3)
3 (25.0)
0 (0.0)

59 (72.8)
36 (44.4)
43 (53.1)
40 (49.4)
40 (49.4)
10 (12.3)
11 (13.6)
18 (22.2)
8 (9.9)

74 (50.3)
79 (53.7)
67(45.6)
73 (49.7)
70 (47.6)
22 (15.0)
25 (17.0)
23 (15.6)
6 (4.1)

0.011
0.31
0.002
0.196
0.632
0.857
0.006
0.374
0.281

Number of comorbidities
  1
  2
  3

148 (51.0)
94 (32.4)
48 (16.6)

19 (76.0)
4 (16.0)
2 (8.0)

1 (4.0)
10 (40.0)
14 (56.0)

10 (83.3)
1 (8.3)
1 (8.3)

46 (56.8)
17 (21.0)
18 (22.2)

72 (49.0)
62 (42.2)
13 (8.8)

0.001

ICU admission (n = 272)
  Yes
  No

120 (44.1)
152 (55.9)

10 (41.7)
14 (58.3)

9 (36.0)
16 (64.0)

3 (27.3)
8 (72.7)

41 (55.4)
33 (44.6)

57 (41.3)
81 (58.7)

0.14

Ventilatory support (n = 275)
  None
  Non-invasive
  Invasive

127 (46.2)
85 (30.9)
63 (22.9)

7 (31.8)
10 (45.5)
5 (22.7)

14 (58.3)
7 (29.2)
3 (12.5)

7 (58.3)
4 (33.3)
1 (8.3)

27 (35.1)
20 (26.0)
30 (39.0)

72 (51.4)
44 (31.4)
24 (17.1)

0.01

Death
  Yes
  No

59 (20.3)
231 (79.7)

7 (28.0)
18 (72.0)

3 (12.0)
22 (88.0)

0 (0.0)
12 (100.0)

25 (30.9)
56 (69.1)

24 (16.3)
123 (83.7)

0.017
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15, 2020, five UK children with CKD who tested positive for 
SARS-CoV-2 infection were reported; none died. Melgosa 
et al. [11] reported data from 16 children with CKD and 
COVID-19 in Spain. All patients had a mild spectrum of the 
disease, none required oxygen therapy, and 7 could be man-
aged as outpatients. Interestingly, Angeletti et al. [25] have 
shown that patients with nephrotic syndrome under chronic 
immunosuppression including B cell-depleting therapies 
seem not to be at increased risk of COVID-19 even in areas 
of high incidence of SARS-CoV-2 infection.

Data from developing countries instead revealed a more 
severe spectrum of the disease and worse outcomes. For 
instance, recently, Krishnasamy et al. [13] reported detailed 
data of 88 children with CKD and SARS-CoV-2 infection 
from four pediatric nephrology centers in New Delhi. Seven-
teen (19.3%) patients developed moderate or severe COVID-
19. Systemic complications were observed in 30 patients 
(34.1%), including AKI (34.2%), COVID-19 pneumonia 
(15.9%), and shock (4.5%). Nineteen (21.6%) had severe 
complications (AKI stage 2–3, encephalopathy, respiratory 
failure, shock). Three (3.4%) patients died due to respiratory 
failure. Unfortunately, our dataset did not provide detailed 
information on the clinical course, but the overall mortality 
rate was much higher in our cohort (20.8%).

We believe that this unforeseen mortality rate should be 
interpreted in the broad context of the pandemic crisis expe-
rienced in Brazil [26–28]. We recently reported an overall 
mortality rate of 7.7% (1661/21591) for the general pedi-
atric population with COVID-19 in Brazil. Interestingly, a 
recent study by Nachega et al. [29] corroborated our gen-
eral findings on the mortality rate in children in developing 
countries. The authors reported an overall mortality rate of 
8.3% (39/469) in pediatric patients with COVID-19 hospital-
ized in six sub-Saharan African countries. Taken together, 
the COVID-19 results from low-income regions exhibited 
a marked difference from data from developed countries 
that reported an overall mortality rate of 1% or even less in 
hospitalized pediatric patients [1]. We believe that this dis-
parity in mortality rates between developed and developing 
countries is largely driven by socioeconomic and environ-
mental factors. Therefore, in this scenario, the high mortal-
ity observed in children with KD in our study was certainly 
associated, in part, with the profound social inequalities and 
healthcare disparities in Brazil.

In this context, it is important to highlight the significantly 
different mortality rates among the specific KDs evaluated 
in our cohort. The mortality rate ranged from no death for 
patients with CAKUT to about 30% for children with CKD. 
Interestingly, this finding may reinforce some of the aspects 
mentioned above. For example, children with CKD who gen-
erally require more advanced support had the most unfa-
vorable outcome in our analysis. On the other hand, KTRs 
had a lower mortality rate (12%) compared to children with 

nephrotic syndrome (28%) and CKD (30.9%). However, 80% 
of KTRs are from the Southeast region, which is the most 
developed region in Brazil. This finding may be partially 
responsible for the lower mortality rate among patients with 
KTRs and again highlights the role of socioeconomic char-
acteristics on outcomes in our cohort. Importantly, recent 
studies on children with nephrotic syndrome and SARS-
CoV-2 infection have contributed to our understanding of 
the results in this scenario. For example, recently Morello 
et al. [30] published a systematic review of COVID-19 in 43 
patients with idiopathic nephrotic syndrome, mostly from 
developed countries. The authors reported that the disease 
in this group is generally mild, rarely requiring respiratory 
support, and with favorable outcomes. On the other hand, in 
the Indian cohort reported by Krishnasamy et al. [13, 31], 
among 44 patients with nephrotic syndrome, 10 (22.7%) 
developed moderate-to-severe COVID-19 during hospi-
talization, seven (15%) required non-invasive or mechani-
cal ventilation, three (6.8%) required vasopressor support, 
nine (20.4%) had AKI at presentation, and three later devel-
oped AKI. Two (4.5%) patients, both with steroid-resistant 
nephrotic syndrome who presented during a relapse, suc-
cumbed to respiratory failure and shock. In our cohort, there 
were 25 children with nephrotic syndrome, of which seven 
had a COVID-19-related death. Again, the lack of detailed 
clinical data in our epidemiological dataset precludes a more 
robust comparative analysis. Nevertheless, taken together, 
these data highlight the need for further studies in low- and 
middle-income regions to provide us with a comprehensive 
picture of the prognosis of SARS-CoV-2 infections in chil-
dren with KD.

We assessed the risk factors of death among pediatric 
patients with KD by competing-risk survival analysis. In 
the COVID-19 setting, because patients may recover, die, 
or are still in an ongoing clinical situation, survival data 
analysis faces a competing-risk issue [32]. After adjustment 
by the competing-risk survival analysis, patients from the 
poorest Brazilian geographic macro-regions (North and 
Northeast), those with low oxygen saturation at admission, 
and the presence and number of other associated comor-
bidities beyond KD exhibited a higher hazard of death. 
Regarding the regions of the country, Brazil is geopoliti-
cally divided into five macro-regions: North, Northeast, 
Central-West, Southeast, and South. These macro-regions 
have historical differences in social, economic, and health 
system capacity and coverage. For instance, recently, Rocha 
et al. [15] reported, in a comprehensive analysis of the health 
system in Brazil, that among other social vulnerabilities, 
the figures of public ICU beds were significantly smaller 
in North and Northeast regions. It is important to highlight 
that, in our analysis, the North region exhibited the highest 
risk of death in the multivariate analysis of survival, even 
greater than any clinical characteristic. Interestingly, when 
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analyzed separately, the impact of living in the North region 
was observed only for the cohort of pediatric patients with 
KD. This finding certainly reflects the huge disparities in 
health care in Brazil, affecting a vulnerable population that 
much more frequently needs access to specialized treatment 
like children with CKD. Of particular interest, in a series of 
important studies, Koch-Nogueira and colleagues [33–35] 
highlighted the inequalities in access to adequate treatment 
for pediatric CKD in Brazil, especially regional disparities 
with the North and Northeast as the most vulnerable regions. 
Another covariate independently associated with the main 
outcome was the presence of comorbidities. Pre-existing 
medical conditions were strongly related with the prognosis 
of COVID-19 in the general population of all age groups 
[36]. However, few studies have evaluated the role of comor-
bidities in the context of KD and COVID-19. Nevertheless, 
data from adult KTRs suggest that severity of COVID-19 in 
this group is mainly related to the associated comorbidities 
and not to chronic immunosuppression [37, 38].

The strength of this study is the size of the cohort, allow-
ing the analysis of clinical characteristics, risk factors, and 
outcomes of hospitalized children and adolescents with KD 
and laboratory-confirmed COVID-19. On the other hand, 
several limitations must be acknowledged in the current 
study. First, we should point out that our sample is com-
prised only of hospitalized patients with certainly a more 
severe spectrum of the disease. The major limitation of our 
study is clearly the absence of the fundamental information 
regarding the specific KD for about half of the cases regis-
tered in the dataset. In this sense, we were unable to make 
a more robust analysis and therefore this fact prevented us 
from assessing whether this increased risk of a severe course 
of COVID-19 differs among the heterogeneous group of dis-
eases. Moreover, due to the nature of the database, we were 
unable to assess some relevant information regarding treat-
ment and management of these patients. Indeed, we had no 
access to hospital record data to include laboratory results or 
detailed clinical course of the patients. Therefore, we were 
not able to include some important issues in the analysis, 
such as data regarding the use of immunosuppressants or 
other treatments. Missing data is another inherent issue due 
to the nature of a registry based on point-of-care case report 
forms. In this regard, the covariable “ethnicity” had overall 
20% of missing information. To try to overcome the limita-
tions of missing variables, we used a multiple imputation 
technique for relevant predictors.

In conclusion, in this analysis of a large nationwide data-
base of hospitalized patients with laboratory-confirmed 
COVID-19, we found that children and adolescents with 
KD had more severe spectrum of the disease and higher 
risk of death than patients without KD. The higher hazard 
of death was associated with living in a socioeconomically 
disadvantaged region, low oxygen saturation at admission, 

and other associated comorbidities. Our findings support the 
need of specific preventive measures for pediatric patients 
with KD, considering the high risk for severe COVID-19 
and outcomes.
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