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ABSTRACT
Background: Acute kidney injury (AKI) has been recognized as a significant risk factor for mortality
among adults with severe acute respiratory syndrome coronavirus infection.
Aim: The aim of this study is to assess the prevalence and risk factors for AKI and mortality in chil-
dren with coronavirus disease 2019 (COVID19) from a resource-limited setting.
Methods: Cross-sectional analysis of laboratory confirmed COVID19 children admitted from 1 March
to 30 November 2020 in a tertiary care hospital in New Delhi, India was done. Clinical features and asso-
ciated comorbidities of COVID19 were noted. Baseline serum creatinine (height-independent Hoste’s
equation) and peak serum creatinine were used for staging of AKI by the 2012 Kidney Disease
Improving Global Outcomes serum creatinine criteria. Univariate analysis and Kaplan–Meier survival
analysis were used to compare the overall outcome in the AKI vs. the non-AKI group.
Results: A total of 64 810 children between 1 month and 18 years visited the hospital; 3412 were
tested for suspected COVID19, 295 tested positive and 105 (54% boys) were hospitalized. Twenty-
four hospitalized children (22.8%) developed AKI; 8 in Stage 1 (33.3%), 7 in Stage 2 (29.2%) and 9
in Stage 3 (37.5%) respectively. Overall, three patients received KRT. Highest reported mortality
was (66.6%) in AKI Stage 3. Risk factors for AKI included associated sepsis (OR 95% CI, 1.22-
9.43, p< 0.01), nephrotic syndrome (OR 95% CI, 1.13-115.5, p< 0.01), vasopressor support (OR
3.59, 95% CI, 1.37–9.40, p value< 0.007), shock at presentation (OR 2.98, 95% CI, 1.16–7.60, p
value 0.01) and mechanical ventilation (OR 2.64, 95% CI, 1.04–6.71, p value< 0.03). Mortality
(25.71%) was higher in the AKI group (OR 95% CI, 1.14-8.35, p< 0.023) with shock (OR 45.92;
95% CI, 3.44–612.0, p value <0.004) and ventilation (OR 46.24; 95% CI, 1.6–1333.0 p value<
0.02) as significant risk factors for mortality.
Conclusion: AKI is an important modifiable risk factor for mortality in children with COVID19 in a re-
source-limited setting. Our study supports the strengthening of kidney replacement therapy and its timely
initiation to reduce the progression of AKI and thus mortality in children.
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I N T R O D U C T I O N
The World Health Organization (WHO) declared
the novel coronavirus disease outbreak as a pandem-
ic in March 2020 due to the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection.
Coronavirus disease 2019 (COVID19) has affected
millions of adults across the world. The pediatric
population also forms a small, but a significant
cohort which suffered this impact. The multisystem
involvement due to coronavirus has now been recog-
nized beyond the respiratory complaints. A recent
meta-analysis of 27 525 adult hospitalized patients
with COVID19 showed a pooled prevalence of AKI
as 28% and that of kidney replacement therapy
(KRT) as 9%. The pooled prevalence of AKI among
patients admitted to the ICU was 46% and 19% of
these patients required KRT. Acute kidney injury
(AKI) is a known complication in hospitalized sick
children and an independent risk factor for mortality
[1]. Initial reports from high-income countries
(HICs) have reported a prevalence of AKI ranging
from 29% to 44% among hospitalized sick children
[2, 3]. Urine output was not used to define AKI in
most studies during the pandemic, as the fluid bal-
ance was inaccurately recorded due to logistic rea-
sons. Hence, it is possible that the actual prevalence
of AKI might be even higher.

The mechanism of AKI due to SARS-CoV-2 is still
evolving as new findings are being reported. In the
podocytes (Bowman’s capsule), the SARS-CoV-2
causes an increased infiltration of lymphocytes and
macrophages along with the membrane attack complex
(C5b9 complex) deposition in the glomerular capilla-
ries [4]. Neutrophils and macrophages accumulate in
the distal convoluted tubules and renal interstitium,
leading to the release of cytokines like interleukin
10 (IL-10), granulocyte colony stimulating factor (G-
CSF) and tumor necrosis factor alpha (TNF-a) [5].
This initiates the cytokine storm causing acute tubular
injury and necrotic damage of the proximal tubules [6].

In this study, the epidemiology of AKI in children
with COVID19 and the outcome of patients in a
resource-limited setting were investigated.

M E T H O D S
We conducted the study in the Department of
Pediatrics in a tertiary care teaching hospital in New

Delhi, India from 1 March 2020 to 30 November
2020. We retrospectively reviewed the records of
105 COVID19 positive children with moderate/se-
vere/critical illness admitted in our hospital. Patients
presenting with respiratory illness secondary to
COVID19 and/or COVID diagnosed in children
with other illnesses and systemic involvement were
included. The relevant data including the history,
clinical examination, hospital course, investigations
and treatment provided were retrieved. The primary
objective was to estimate the prevalence of AKI as
defined by the 2012 Kidney Disease Improving
Global Outcomes (KDIGO) criteria using serum
creatinine, in children with COVID19 [7].
Secondary objectives were to identify predictors for
the development of AKI and mortality in the study
population.

One nasopharyngeal swab was collected as per
the standard operating protocol for all patients at the
time of admission. After aliquoting and RNA extrac-
tion, reverse transcription polymerase chain reaction
or cartridge-based nucleic acid amplification test was
performed. Patients who were subsequently diag-
nosed as COVID19 positive were isolated in the
COVID ward of our hospital. Patients underwent
basic blood investigations including a hemogram and
metabolic profile at the time of admission and there-
after depending upon the clinical status. A bedside
chest X-ray was done for patients with respiratory
complaints. Creatinine estimation was done by en-
zymatic method using Erba Mannheim XL system
packs (Made in Germany). As baseline serum cre-
atinine (BSCr) and height was not available for
all patients, we estimated the BSCr by the height-in-
dependent method using the Hoste’s equation [8].
We used the age-based eGFR normative values for
children �2 years and eGFR¼ 120 ml/min/1.73 m2

for children >2 years [9]. The highest serum creatin-
ine achieved during the hospital stay was noted.
The stage of AKI was thus determined based on the
change in the serum creatinine from the baseline.
Urine output criteria were not used for diagnosing
AKI, as the accurate measurement was not available
due to logistic issues during the pandemic.

Patients presenting with different complications
were managed as per protocol. Shock was managed
as per the PALS guidelines [10]. Myocarditis was
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defined clinically based on ECG changes, chest
radiograph and cardiac biomarkers including creatine
kinase and troponin T [11]. Treatment included
supportive therapy, management of congestive
cardiac failure and immunomodulatory therapy.
Pneumonia in children was diagnosed as per the
updated WHO guidelines and treatment included
respiratory support and intravenous antibiotics
(Amoxyclav/Ceftriaxone) as per the hospital policy
[12]. Azithromycin was considered for suspicion of
atypical pneumonia. Sepsis in children was defined
as per the updated 2020 Surviving Sepsis Campaign
International Guidelines in Children and manage-
ment included appropriate IV antibiotics as per the
hospital policy [13]. Multisystem inflammatory syn-
drome in children (MIS-C) was diagnosed based on
the Centres for Disease Control and Prevention cri-
teria for cases enrolled after May 2020 and treated as
per the standard protocol [14]. Anti-inflammatory
measures with intravenous immunoglobulin as the
first line therapy was given at a dose of 2 g/kg
body weight by infusion with careful monitoring.
In case of persistence of clinical or biochemical
derangements, pulse therapy with methylpredniso-
lone was given. Treatment for COVID19 was largely
supportive and included routine oral supplementa-
tion of vitamin C, vitamin D and zinc to all patients.
No child received remdesevir, hydroxychloroquine
or any other specific drugs approved for adults in
COVID19. The outcome of all patients as death, dis-
charged or leave against medical advice was assessed
till 15 December 2020. This study was approved
by the Institutional Ethics Committee.

Statistical analysis
Data were entered on excel and analyzed on SPSS
version 22. Median (inter-quartile range) and mean
(standard deviation) were calculated for the quanti-
tative data and proportions for the qualitative data.
Test of normality was used to see the Gaussian
pattern of data in different groups. Based on that
parametric and non-parametric tests were applied
wherever applicable. Mann–Whitney U-test for
skewed data and unpaired t-test for normally distrib-
uted data was used to compare the difference in
the means in unrelated data. Chi-square test and
Fisher’s exact test was used to compare difference in

proportions in various clinical findings between AKI
vs. Non-AKI and survived vs. died. Kaplan–Meier
survival analysis was done to estimate cumulative
probability of survival between AKI and Non-AKI.
Log-rank test was applied to see the difference in the
cumulative probability of survival among the two
groups. A p value <0.05 was considered significant.
Binary logistic regressions were done to compute the
adjusted odds ratio for the predictors of mortality
among COVID19-positive patient. The omnibus test
of model coefficients was highly significant
(p¼ 0.000) indicating that the regression model was
statistically significant. The goodness of fit of the lo-
gistic regression model was seen using the Hosmer
and Lemeshow test (p¼ 0.799) which indicated a
good fit. Cox and Snell R2 (0.562) and Negelkerke
R2 (0.814) indicated a strong correlation between
the dependent variable and the set of independent
variables included. The explained variation in the
dependent variables based on our model ranged
from 55.5% to 81.0%. The overall prediction score
was 92.9%.

R E S U L T S

Baseline characteristics
A total of 64 810 patients attended the hospital dur-
ing the study period of which 3412 patients were
suspected of infection. Two hundred and ninety-five
patients were confirmed positive SARS CoV-2 infec-
tion and 105 (54% boys) hospitalized patients were
included in the study (Fig. 1). None of the children
had any preexisting renal developmental disorder.
The median age was 6 years with majority (47.6%)
in the 5–13-year group. The most common present-
ing clinical feature was fever (73.3%) followed by
vomiting (37.1%). Diarrhea was also noted in 12
children (11.4%) with no significant association to
AKI. Majority of children (76.2%) had an associated
comorbidity at the time of presentation, of which 47
patients (44.8%) had sepsis followed by pneumonia
(20%), tuberculosis (18%) and hematological disor-
ders/malignancy (15%) (Table 1). The total leuco-
cyte count (TLC) was significantly higher and the
platelet count was lower in children with AKI. The
difference in the peak serum creatinine among the
AKI and non-AKI group was statistically significant
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(p value < 0.0001). Proteinuria (þ3/þ4 by dip-
stick) and gross hematuria was seen in 4.76% and
1.9% cases, respectively.

Risk factors for AKI
Out of the 105 hospitalized patients, 24 children
(22.8%) developed AKI; 8 children progressed to
Stage 1 (33.3%), 7 to Stage 2 (29.2%) and 9 to AKI
Stage 3 (37.5%). Three patients subsequently
required hemodialysis. The presence of sepsis (OR

3.394, 95% CI, 1.22-9.43, p< 0.01) and patients
with nephrotic syndrome (NS; OR 12.8, 95% CI,
1.13-115.5, p< 0.01) were significant risk factors for
development of AKI. Risk factors associated with
AKI included vasopressor support (OR 3.59, 95%
CI, 1.37–9.40, p value< 0.007), shock at the time of
presentation (OR 2.98, 95% CI, 1.16–7.60, p value
0.01) and the need for mechanical ventilation (OR
2.64, 95% CI, 1.04–6.71, p value< 0.03). Mortality
was significantly higher in patients with AKI (OR
2.65,p< 0.01) (Table 2). A total of 70 patients

Total patients in triage from 
March-November 2020 

n=64810 

Suspected COVID patients 
                n=3412 
           Flu ER = 2072 
          SARI ward= 940 
          Non COVID= 400 

Laboratory confirmed COVID    
positive patients n=295 

      Admitted in COVID ward 
n=105 

AKI 
   n=24 

Non-AKI 
n = 81 

n=61398 cases excluded 
presenting to the routine 

OPD/ER 

n=190 cases excluded with 
mild covid infection for 

home isolation  

3 patients received 
hemodialysis 

n= 27 deaths 

Fig. 1. Flow chart of the study population. Laboratory confirmed patients with moderate/severe/critical illness were
included in the study. Flu ER, flu emergency room; SARI ward, severe acute respiratory illness ward; OPD, outpatient
department; AKI, acute kidney injury.
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TABLE 1. Baseline characteristics of the study population

Baseline characteristics COVID19 case,
n¼ 105

AKI,
n¼ 24 (22.8%)

Non-AKI,
n¼ 81 (77.2%)

p value

Age group (years)
Infants 0–1 24 (22.9) 2 (8.3) 22 (27.2) 0.91
Toddlers 1–5 20 (19.0) 7 (29.2) 13 (16.1)
Children 5–13 50 (47.6) 14 (58.3) 36 (44.4)
Adolescents �13 11 (10.5) 1 (4.2) 10 (12.3)

Median age (years) (IQR) 6 (1.04–10) 6.5 (3–9.5) 5 (0.87–10.0) 0.57
Sex

Male 57 (54.3) 13 (54.2) 44 (54.3) 0.98
Female 48 (45.7) 11 (45.8) 36 (45.7)

All comorbidity 80 (76.2) 19 (79.2) 61 (75.3) 0.69
Common comorbidities

CNS 10 (9.5) 2 (8.3) 8 (9.9) 0.82
Tuberculosis 18 (17.1) 1 (4.2) 17 (21.0) 0.05
Hematological disorders/

malignancies
15 (14.3) 5 (20.8) 10 (12.3) 0.28

Rheumatological 5 (4.8) 2 (8.3) 3 (3.7) 0.35
Surgical conditions 4 (3.8) 1 (4.2) 3 (3.7) 0.91
Liver abscess 10 (9.5) 2 (8.3) 8 (9.9) 0.82
Bacterial pneumonia 21 (20.0) 5 (20.8) 16 (19.8) 0.90
Severe acute malnutrition 3 (2.9) 1 (4.2) 2 (2.5) 0.66
GI/hepatic disorders 4 (3.8) 1 (4.2) 3 (3.7) 0.91
Sepsis 47 (44.8) 18 (75.0) 38 (46.9) 0.01
Skin conditions 2 (1.9) 0 2 (2.5) 0.437
Storage disorder 1 (1.0) 0 1 (1.2) 0.584
Nephrotic syndrome 4 (3.8) 3 (12.5) 1 (1.2) 0.01

Laboratory findings
Hemoglobin (g/dl) 9.5 6 2.6 9.17 6 2.67 9.60 6 2.68 0.49
Total leukocyte count 17 267 6 18 832 25 193 6 31 496 14 918 6 12 305 0.01
Absolute neutrophilic count 9076 6 9009 11 404 6 12 426 8333 6 7579 0.16
PMN (%) 57.19 6 22.9 56.38 6 27.7 57.4 6 32.4 0.84
Lymphocyte (%) 32.2 6 20.8 30.5 6 23.5 32.8 6 20.1 0.65
PMN/lymphocyte ratio (IQR) 2.16 (1.12–5.1) 2.56 (1.19–6.04) 2.1 (0.98–4.81) 0.57
Platelet count 1 296 000 6 259 514 178 130 6 166 839 282 623 6 22 3068 0.04
CRP 86.48 6 92.4 94.12 6 98.0 80.0 6 91.2 0.67
Baseline serum creatinine

(mg/dl), median IQR
0.38 (0.33–0.48) 0.37 (0.31–0.45) 0.4 (0.33–0.48) 0.21

Peak serum creatinine (mg/dl),
median IQR

0.36 (0.25–0.60) 0.95 (0.66–1.74) 0.3 (0.22–0.40) 0.001

Duration of hospital stay
<14 days

78 (75.0) 20 (83.3) 58 (71.6) 0.28

Duration of hospital stay
�14 days

26 (25.0) 4 (16.7) 22 (27.2)
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(66.7%) were exposed to nephrotoxic medications
(NMs; most commonly vancomycin, amikacin) dur-
ing the hospital stay. The mean number of NMs
used in the AKI group was 1.238 (SD 1.10) and in
the non-AKI group was 1.245 (SD 1.11). A total of
20 (19.0%) children were diagnosed with MIS-C, of
which 7 (29.2%) developed AKI.

Predictors of mortality
The overall mortality in our study was 25.71% (27/
105). Mortality was significantly higher in children
developing AKI compared with the non-AKI patients
(OR 3.088, 95% CI, 1.14-8.35, p< 0.023). Other
predictors on univariate analysis were, hypoxia at ad-
mission (OR 3.843, p< 0.003), need for respiratory
support (OR 33.01, p< 0.001) requirement of vaso-
pressors (OR 56, p< 0.001), pneumonia (OR 3.684,
p< 0.004), shock (OR 169, p< 0.001), encephalitis
(OR 6.785, p< 0.001) and myocarditis (OR 13.4,
p< 0.001) (Table 3). Binary logistic regression was
done to compute the adjusted odds ratio for the pre-
dictors of mortality. Out of all, presence of shock
(OR 45.92; 95% CI, 3.44–612.0, p value <0.004)
and the need for ventilation (OR 46.24; 95% CI,
1.6–1333.0, p value< 0.02) were found to be

statistically significant. On Kaplan–Meier survival
analysis, the cumulative probability of survival was
zero and 39% between AKI and non-AKI patients re-
spectively after 25 days of follow up. The difference
in curves was found to be statistically significant [p
value< 0.03 (log-rank test)] (Fig. 2). Detailed ana-
lysis of characteristics of children with AKI Stage 3
showed mortality in 66.6% patients (Table 4).
Overall KRT was done in three patients.

D I S C U S S I O N
The initial focus of COVID19 was primarily on the
respiratory complications. With more and more stud-
ies being reported from across the globe, AKI has
been recognized as a common manifestation in chil-
dren with COVID19. We found an incidence of
22.8% based only on the serum criteria (KDIGO) in
our patients, with more than one third developing
AKI Stage 3. AKI is a frequent complication occur-
ring in critically ill non-COVID19 children. Our
study revealed hemodynamic instability and mechan-
ical ventilation as important risk factors for the devel-
opment of AKI. The risk of mortality in the AKI
group was also significantly higher compared with
the non-AKI group. Therefore, AKI appears to be an

TABLE 2. Risk factors for AKI

COVID19 case,
n¼ 105

AKI,
n¼ 24 (22.8%)

Non-AKI,
n¼ 81 (77.2%)

p value Odds
ratio

Reason for admission,n (%)
Hypoxia 41 (39.0) 8 (33.3) 33 (40.7) 0.51 0.727
Pneumonia 35 (33.3) 7 (29.2) 28 (34.6) 0.62 0.779
Shock 36 (34.3) 13 (52.2) 23 (28.4) 0.01 2.980
Encephalitis 16 (15.2) 6 (25.0) 10 (12.3) 0.13 2.367
Myocarditis 9 (8.6) 4 (16.7) 5 (6.2) 0.10 3.040
Sepsis 47 (44.8) 18 (75.0) 38 (46.9) 0.01 3.394
Nephrotic syndrome 4 (3.8) 3 (12.5) 1 (1.2) 0.01 12.8
Exposure to nephrotoxic drugs 70 (66.7) 16 (66.7) 54 (66.7) 1.0 1.0

Respiratory support, n (%)
None 52 (50.0) 9 (37.5) 43 (53.1)
Need for oxygenation 53 (51.0) 15 (62.5) 38 (47.5) 0.19 1.842
Invasive 36 (34.3) 13 (54.2) 25 (30.5) 0.03 2.647
Vasopressor support 34 (33.3) 13 (56.5) 21 (25.6) 0.007 3.590
Mortality 27 (25.7) 10 (41.7) 17 (20.9) 0.01 2.650
MIS-C 20 (19.0) 7 (29.2) 13 (16.0) 0.15 2.154
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important modifiable risk factor for mortality in
COVID19 patients in a resource-limited setting.

While initial studies from China reported a lower
incidence (7.09%), a recent systematic analysis on
30 639 hospitalized patients, across all age groups
with COVID19 reported the pooled prevalence of
AKI as 28% and that for KRT as 9%. This figure was
higher (46% for AKI, 19% for KRT) in critically ill
patients requiring ICU admission [15, 16]. Data
from the pediatric population are rather limited and
variable. Initial studies from China with 238 children

reported the development of AKI in only critically ill
patients (1.2%), all of who required continuous renal
replacement therapy (CRRT) [17]. A study con-
ducted on 52 hospitalized children from UK
reported the prevalence of AKI as 29% (British
Association of Pediatric Nephrology criteria for AKI)
which was similar to our study [2]. A multicenter
cross-sectional analysis on critically ill children from
41 centers with COVID19 reported nearly half
(44%) of the children with AKI, however none
required KRT [3]. In a multicenter study on 89

TABLE 3. Predictors of mortality

Predictors of mortality Non-survivor
(n¼ 27)

Survivor
(n¼ 75)

p value Odds ratio

Hypoxia at admission 17 (63.0) 23 (30.7) 0.003 3.843
Need for ventilation 27 (100.0) 11 (14.7) 0.001 –
Need for oxygen 26 (96.3) 27 (36.0) 0.001 33.01
Comorbidity 19 (70.4) 58 (77.3) 0.407 0.696
Shock 26 (96.2) 10 (13.3) 0.001 169
Pneumonia 15 (55.6) 19 (25.3) 0.004 3.684
Encephalitis 10 (37.0) 6 (8.0) 0.001 6.785
Myocarditis 7 (25.9) 2 (2.7) 0.001 13.4
AKI 10 (37.0) 12 (16.0) 0.023 3.088
Inotropes 24 (88.9) 9 (12.5) 0.001 56.0

Fig. 2. Kaplan–Meier survival analysis. The x axis depicts the duration of follow up in days and y axis depicts the
cumulative survival. Cumulative probability of survival in AKI patients was zero and 39% among non-AKI patients after
25 days of follow up; log-rank p< 0.03.
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admitted children in a tertiary care hospital from the
middle east, 21% developed AKI (32% in PICU
admissions) [18].

Out of the 24 children developing AKI, 9
(37.5%) progressed to AKI Stage 3, of which 6
(66.6%) children expired and 3 were discharged.
Among the six deceased patients, only one received
KRT. KRT could not be done in the remaining, as
three had severe thrombocytopenia with active
bleeding, one patient had local site infection and one
parent refused consent for PD. Overall three patients
received KRT (hemodialysis) and two survived.
We believe that early initiation peritoneal dialysis
(PD) could have prevented progression of AKI,
thus, improving the overall outcome. A recent
study from a low middle-income country (LMIC)
reported the need for KRT in 66% of critically ill
children with AKI due to non-COVID19 sepsis
[19]. Due to the limited availability of hemodialysis
services and CRRT services for children in hospi-
tals, PD can be a feasible option in children with

COVID19 with severe AKI. Recent reports have
shown successful application of PD in patients
with COVID19 induced AKI, including children
[20–22]. A prospective cohort study conducted on
50 children from LMIC also suggested that early
initiation of PD in sepsis associated AKI, results in
better outcome when compared with the standard
indications [23]. The judicious use of fluids and in-
tensive hemodynamic monitoring are imperative
for prevention of AKI. The ‘cytokine storm’
induced by the SARS-CoV-2 is a pro inflammatory
state with high level of circulating cytokines includ-
ing IL-1, IL-6, TNF and interferon [24]. Animal
models have shown the effective clearance of mole-
cules including dialysate urea, IL-6 and TNF via
PD fluid, thus reducing their systemic levels [25].
This concept may be extrapolated to humans.
Thus, timely initiation of PD in patients with AKI
may help in reducing the multisystem inflammatory
response and systemic complications as seen in
COVID19.

TABLE 4. Characteristics of COVID19 patients with AKI Stage 3

Characteristics Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9

Age (months) 18 132 156 120 24 144 9 36 132
Sex M F M M F F M F M
Hb (g/dl) 10 8.3 5.7 11.5 6.2 6.9 7.4 5.1 6
TLC (/mm3) 2400 19 000 97 800 9400 20 700 42 000 16 700 118 000 750
Platelet (/109/l) 20 000 98 000 31 000 70 000 67 000 78 000 527 000 8000 6000
BS. Cr (mg/dl) 0.33 0.48 0.56 0.45 0.32 0.50 0.31 0.28 0.48
PS. Cr (mg/dl) 3.4 1.5 2.8 1.83 3.05 3.92 0.93 0.97 2.5
Shock Yes Yes Yes Yes Yes Yes No No Yes
Vasopressor Yes Yes Yes Yes Yes Yes No No Yes
Ventilation Yes Yes Yes Yes Yes No No No Yes
Co-morbidity Yesa Yesb Yesc Yesd Yese Yesf Yesg Yesh Yesi

MIS-C No Yes Yes Yes No No No No Yes
Outcome Death Death Death Death Death Death Disch Disch Disch

Dich., discharge; MIS-C, multisystem inflammatory syndrome in children; BS. Cr, baseline serum creatinine; PS.Cr, peak serum creatinine; Hb, hemo-
globin; TLC, total leukocyte count.
aSevere acute malnutrition with sepsis.
bToxic shock syndrome.
cB cell ALL/tumor lysis syndrome/Invasive pulmonary aspergillosis.
dSevere dengue with shock/MODS.
eTubercular meningitis (Stage 3).
fLiver abscess/pneumonia/sepsis/MODS.
gAbdominal cystic mass/sepsis.
hB cell ALL.
iSevere aplastic anemia/hepatitis B/neutropenic enterocolitis/secondary HLH.
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In our study, 44.8% of all the patients had associ-
ated sepsis at the time of presentation which
increased the risk of development of AKI. An elabor-
ate review recently, suggests the use of the term
‘COVID19 sepsis’ as most patients presenting with
COVID illness also fulfill the criteria for sepsis, mak-
ing the distinction between the two difficult [26].
This concept may be extended to AKI as well. This
would help in streamlining the management strat-
egies for both sepsis and COVID19 induced AKI.
Hospitalized children with NS have a preexisting
propensity to develop AKI and COVID19 appears to
potentiate this risk. Even though we had a small
number of patients with NS, the development of
AKI in this high-risk cohort suggests the need for
intensive monitoring.

A total of 66.7% of children received NM in our
study. The mean number of NM in patients develop-
ing AKI was 1.23 (SD 1.105) and those without AKI
was 1.24 (SD 1.11). Since their use was equitable in
both the groups, it did not ascertain the risk for
development of AKI in our study. However, as it is
a modifiable risk factor for development of AKI,
judicious use of NM is necessary.

The pathological findings on biopsy in patients
with COVID19 have shown both glomerular and
acute tubular injury. An observation from autopsy
performed on 42 COVID19 patients confirmed the
presence of acute tubular injury as one the mecha-
nisms causing AKI in adults [27]. Another study on
14 patients with COVID19 suggested variable forms
of glomerulopathy including collapsing type, minimal
change disease, membranous glomerulopathy, cres-
centic transformation of lupus nephritis, anti-GBM
nephritis and few cases of acute tubular injury as well
[28]. Apolipoprotein L1 allele has also been identi-
fied as a high-risk genotype in these patients [29].
While most studies from the West suggest that the
clustering of this high-risk allele is in the African des-
cent, data from LMIC are still lacking [30]. Future
research for identification of this genotype may help
in prognostication of these cases for development
of kidney injury.

This study was limited by the retrospective de-
sign, being from a single center and lack of utility
of urine output monitoring and weight gain that
could have resulted in missing out on cases of AKI.

Nevertheless, it demonstrates that significant propor-
tion of hospitalized children with COVID19 devel-
ops AKI and that it is challenging to manage severe
AKI in resource-limited setting in this pandemic.
After the recent introduction of the highly infectious
mutant B.1.1.7 or SARS-CoV-2 VUI 202012/01
(Variant Under Investigation, year 2020, month 12,
variant 01), there has been a resurgence in the
pandemic. The 14 mutations that define this new
mutant, increase the risk of transmission overall and
also raise a possibility of affecting children more than
they did previously, by the non-mutant virus [31].
Our report provides important insights of AKI in
children with COVID19 and will help in better pre-
paredness of KRT services in the COVID19 wards.
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