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Abstract
Objective To report the experience with COVID-19 in children with cancer at the largest tertiary-cancer care and referral 
center in India.
Methods This study is a single tertiary center experience on COVID-19 in children with cancer and continuation of cancer-
directed therapy in them. Children ≤ 15 y on active cancer treatment detected with COVID-19 until September  15th, 2020 
were prospectively followed up in the study. Patients were managed in accordance with well-laid guidelines. Treatment was 
continued for children with COVID-19 who were clinically stable and on intensive treatment for various childhood cancers.
Results One hundred twenty-two children (median age 8 y; range 1–15 y, male:female 1.7:1) with cancer were diagnosed 
with COVID-19. Of 118 children, 99 (83.9%), 60 (50.8%), 43 (36.4%), 26 (22.0%), and 6 (5.1%) had RT-PCR positivity 
at 14, 21, 28, 35, and 60 d from diagnosis of COVID-19, respectively. Scheduled risk-directed intravenous chemotherapy 
was delivered in 70 (90.9%) of 77 children on active systemic treatment with a median delay of 14 d (range 0–48 d) and 
no increased toxicities. All-cause mortality rate was 7.4% (n = 9) and COVID-19 related mortality rate was 4.9% (n = 6). 
One hundred-fifteen (94.2%) children with COVID-19 did not require any form of respiratory support during the course of 
infection.
Conclusions COVID-19 was not a major deterrent for the continuation of active cancer treatment despite persistent RT-PCR 
positivity. The long-term assessment of treatment adaptations requires further prospective follow-up and real-time addressal.
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Introduction

The pandemic caused by severe acute respiratory syndrome 
coronavirus-2 (SARS-CoV-2), that causes coronavirus dis-
ease 2019 (COVID-19), has brought on an unprecedented 
challenge to medical care and potentially has far-reaching 
effects on children with cancer. Various aspects of cancer 
care including timely diagnosis and delivery of multimodal-
ity treatment have suffered a tremendous setback, especially 
in the resource-limited setting, the short- and long-term 
effects of which are yet to be quantified.

A higher all-cause mortality (13%–28%) during the pan-
demic has been reported in adults with cancer on active 
systemic therapy [1, 2]. COVID-19 in children with cancer 
did not lead to higher mortality in small cohorts reported 
earlier during pandemic [3–6]. However, the strategy of 
continuing intensive treatment in these children during 
ongoing COVID-19 infection has evolved and has not 
been studied systematically. In a 155-country survey in 
May 2020, 42% of countries have partially or completely 
disrupted cancer services, which is likely to affect the out-
comes of most childhood cancers, where timely diagno-
sis and treatment are of paramount importance [7]. The 
authors herein report their experience with COVID-19 in 
children with cancer at the largest tertiary-cancer care and 
referral center in India. * Girish Chinnaswamy 
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Material and Methods

The pediatric oncology department at the authors’ insti-
tute sees more than 2000 new registrations a year. As 
part of a proactive approach taken by the authors’ hos-
pital early on in the pandemic, patients were managed in 
accordance with well-laid guidelines and standard oper-
ating procedures (SOP) [8, 9]. SARS-CoV-2 infection 
was detected by reverse-transcriptase–polymerase-chain-
reaction (RT-PCR) assay done on nasopharyngeal sam-
ple in every patient. Testing in children were limited to 
three indications: symptomatic (fever ± other symptoms), 
preoperative/preprocedural (except bone marrow, lumbar 
puncture), high-risk contacts on day 10 of quarantine. 
Parents/caregivers of children with COVID were tested at 
the time of de-isolating the patient following a negative 
test or earlier, if symptomatic. All children with positive 
swabs were managed as inpatients in the COVID-isolation 
ward in anticipation of unexpected complications during 
the initial weeks of the pandemic and in later months given 
the option of isolation at home or at their accommodation 
facility, if stable and asymptomatic. A repeat sample to test 
conversion to RT-PCR negativity was initially being done 
within a week but later changed to 14 d and repeated every 
 5th d if positive, till negative. All children ≤ 15 y on active 
cancer treatment (chemotherapy, surgery, or radiotherapy) 
detected to have COVID-19 until September  15th, 2020 
were included and prospectively followed for 2 wk after 
RT-PCR negativity was attained or till October  5th, 2020 
if not yet attained. The all-cause mortality was defined as 
death due to any cause during the study period. COVID-
19–related mortality was defined as that attributed to the 
infection or its complication before RT-PCR negativity or 
immediately thereafter, if adjudged to be due to COVID-
19 as opposed to other causes. The time to RT-PCR nega-
tivity was calculated from the date of positivity to the date 
of first negative swab, with cases that had active COVID-
19 infection at the time of analysis censored at the last 
follow-up. Data were extracted from the electronic medical 
records, excel datasheets maintained by the department, 
and hospital COVID-19 database, after approval from the 
institutional ethics committee.

Treatment was continued for children with COVID-19 
on intensive treatment for various childhood cancers if they 
were clinically stable, 1 wk from RT-PCR positivity and 
asymptomatic for 3 d. For children with acute leukemias 
where intravenous chemotherapy could not be delivered, an 
interim course of oral chemotherapy was initiated [10, 11]. 
The treatment of children without COVID-19 was adapted 
to continue therapy with modifications, where interventions  
which had very minimal benefit, but significant toxicity 
necessitating frequent hospital visits were omitted or modi-
fied as detailed in an earlier report, best designed to balance 

cancer cure and pandemic control [10, 11]. Similarly, rou-
tine clinical visits were curtailed to prevent overcrowding 
with interim blood reports, where deemed necessary com-
municated over telephone or email. There were outpatient 
clinics operational in the accommodation centers to restrict 
footfall in the hospital and off-treatment follow-up con-
sults scheduled over video-conferencing platforms in these 
times. A day-care dedicated to the administration of intra-
venous chemotherapy was set up for children, who were 
diagnosed with COVID, in isolation at home or accommo-
dation center, and for those asymptomatic or in quarantine, 
to avoid interruptions in chemotherapy.

Conventional descriptive statistics was used to analyze 
the data. Kaplan–Meier analysis was used to identify risk 
factors predictive of time to PCR negativity using log-rank 
test. Chi-square test for association was used to test the asso-
ciation between the risk factors. Multivariate analysis was 
performed with SPSS software using binary logistic regres-
sion. Variables tending to be significantly affecting time to 
RT-PCR negativity were included as independent variables 
in the model. The p < 0.05 was considered significant.

Results

One hundred twenty-two children (median age 8 y; range 
1–15 y, male:female 1.7:1) with cancer were diagnosed with 
COVID-19 during the period. Eighty-four (68.9%) children 
with COVID-19 had hematological malignancies and 38 
(31.1%) had solid tumors (Tables 1 and 2).

Lymphopenia  [abso lu te  lymphocyte  count 
(ALC) ≤ 1.0 ×  109/l] at the time of positive COVID-
19 test was seen in 77 (64.7%) of 119 children on active 
treatment whose values were available, and neutropenia 
with ≤ 1.0 ×  109/l and ≤ 0.5 ×  109/l absolute neutrophil count 
(ANC) were seen in 40 (33.6%) and 32 (26.9%) children, 
respectively (Table 3).

One hundred-fifteen (94.2%) children with COVID-
19 did not require any form of respiratory support during 
the course of infection (Table 4). Only 7 (5.7%) received 
antiviral therapy for COVID-19 (remdesivir - 5, lopina-
vir + ritonavir - 1, hydroxychloroquine + azithromycin - 1). 
Immunomodulatory treatment was administered in 8 (6.6%) 
children (dexamethasone - 5, methylprednisolone - 2, toci-
lizumab - 1). Three children received low-molecular weight 
heparin for 5 d in this cohort.

The median time from date of first RT-PCR positiv-
ity to first negative sample in the evaluable children  
with COVID-19 (excluding death - 2, defaulted before 
14 d - 2) was 21 d (range 5–90 d). Of 118 children, 99 
(83.9%), 60 (50.8%), 43 (36.4%), 26 (22.0%), 6 (5.1%) had 
RT-PCR positivity at 14, 21, 28, 35, 60 d from diagnosis 
of COVID-19, respectively. Time to RT-PCR negativity 
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(< 21 d vs. ≥ 21 d) was significantly associated with nadir 
ANC (OR 1.51, 95% CI 1.13–2.02, p = 0.006) during the 
course of COVID-19 infection and showed a trend with 
ALC-nadir during the course of infection (OR 1.63, 95% 
CI 0.99–2.70, p = 0.057) on univariate analysis. The varia-
bles of age (p = 0.80), gender (p = 0.22), presence of symp-
toms (p = 0.26), recent steroid intake (p = 0.71), type of 
malignancy (hematological versus solid tumors, p = 0.20), 
ANC at admission (p = 0.45), ALC at admission (p = 0.70) 

did not affect the time to RT-PCR negativity on univariate 
analysis. On multivariate analysis which included ANC 
and ALC during admission and nadir ANC and ALC dur-
ing the course of infection, both ANC at admission (OR 
0.65, 95% CI 0.44–0.96, p = 0.03) and ANC-nadir dur-
ing the course of infection (OR 2.20, 95% CI 1.29–3.73, 
p = 0.004) affected time to RT-PCR negativity. Higher 
ANC at admission and lower ANC-nadir values were asso-
ciated with delay in RT-PCR negativity.

Table 1  Demographic and 
clinical characteristics of 
children with COVID-19

PJP Pneumocystis jirovecii pneumonia; RSV Respiratory syncitial virus

Demographic or clinical characteristics (n = 122) Number of patients
n (%)

Age
  ≤ 5 y 46 (37.7)
  6–9 y 22 (18.0)
  ≥ 10 y 54 (44.3)
Gender
  Male 77 (63.1)
  Female 45 (36.9)
Intent of treatment of cancer
  Curative 115 (94.3)
  Palliative 7 (5.7)
H/o steroids in previous 2 wk (10 mg/m2/d for ≥ 5 d of dexamethasone or equivalent 

doses of other steroid)
58 (47.5)

Reason for testing
  Symptomatic 100 (82.0)
  Contact history 10 (8.2)
  Preprocedure 12 (9.8)
Presenting clinical symptoms (n = 100)
  Fever 100 (100.0)
  Cough 1 (1.0)
  Breathlessness 1 (1.0)
  Coryza 1(1.0)
  Sore throat 2 (2.0)
  Vomiting 1 (1.0)
  Headache 1 (1.0)
Complications due to COVID-19 infection
  COVID Pneumonia 5 (4.1)
  Pediatric inflammatory multisystem syndrome-temporally associated with
  SARS-CoV2(PIMS-TS) or multisystem inflammatory syndrome in children
  (MIS-C)

0

  Thrombosis 0
  Cardiac complications 3 (2.5)
  Hemophagocytic Lympho-histiocytosis 1 (0.8)
Associated infections and complications
  Bacterial sepsis 3 (2.5)
  Ventilator-associated pneumonia 2 (1.6)
  Parvo viremia (existing even prior to COVID-19 diagnosis) 1 (0.8)
  Fungal pneumonia 1 (0.8)
  PJP, RSV pneumonia 1 (0.8)
  Miliary Tuberculosis 1 (0.8)
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At the time of analysis, 105 children had recovered and 
were alive, 4 had active infection (defined as SARS-CoV-2 
RT-PCR positive, with/without symptoms), 9 died (6 with 

active infection, 3 after recovery), 2 developed reinfection 
and had recovered, 2 had defaulted before recovery.

All-cause mortality rate was 7.4% (n = 9) with death 
due to progressive disease in 3. COVID-19–related mortal-
ity rate was 4.9% (n = 6). COVID-pneumonia with severe 
ARDS was the cause of death in 4 (3.3%, 2 children also had 
ventilator-associated pneumonia, 1 child had klebsiella sep-
sis). Cardiac abnormalities were seen in 3 of these expired 
patients (decreased ejection fraction - 2, myocarditis with 
raised troponin - 1). Two children (1.6%) died post attain-
ment of RT-PCR negativity. One of them presented 11 d 
after a negative RT-PCR test with sudden-onset status epi-
lepticus, cardiac dysfunction with acute renal and liver fail-
ure and died within 12 h of admission. Her cranial imaging 
could not be done due to rapid progression of events. The 
second patient had fever even after attainment of RT-PCR 
negativity and developed pancytopenia post RT-PCR nega-
tivity with hemophagocytic lymphohistiocytosis (HLH). 
He was treated with dexamethasone, etoposide, and cyclo-
sporine but succumbed to refractory HLH.

One of the 2 children with reinfection had undifferenti-
ated pelvic sarcoma on chemotherapy, developed fever with 
repeat RT-PCR positivity for SARS-CoV-2, 1.5 mo after 
recovery from initial COVID-19, and attained RT-PCR 
negativity in 32 d during reinfection. The other child with 
high-risk B-cell ALL on delayed-intensification phase devel-
oped fever with repeat positive test 26 d after recovery and 
recovered in 15 d. Both children had not received any anti-
viral treatment at first infection, had only fever at reinfection 
and were stable.

The scheduled risk-directed intravenous chemotherapy 
was delivered in 70 (90.9%) of 77 children on active sys-
temic treatment with a median delay of 14 d (range 0–48 
d) and no increased toxicities. This included 7 children on 
induction therapy for ALL, in whom chemotherapy was con-
tinued as per schedule in 4. There was a delay of 2 wk in 
starting consolidation in 3 patients who were near comple-
tion of induction at the time of COVID-19 diagnosis, due to 
delay in bone marrow studies and low counts. This cohort 
also included 14 patients on high-dose methotrexate infu-
sion chemotherapy who received it at a median delay of 24 
d (range 6–48 d). These children received oral 6-MP in the 

Table 2  Underlying malignancies in children with COVID-19

Malignancy n (%)

Hematolymphoid
Leukemias
  B cell-Acute lymphoblastic leukemia 42 (34.4)
    Standard risk 6
    Intermediate risk 9
    High risk 27
  T cell-Acute lymphoblastic leukemia 15 (12.3)
  Relapsed acute lymphoblastic leukemia 8 (6.6)
  Acute myeloid leukemia 6 (4.9)
  Mixed phenotypic acute leukemia (relapse-1) 2 (1.6)
  Chronic myeloid leukemia in blast crisis 1 (0.8)
  Relapsed acute promyelocytic leukemia 1 (0.8)

Lymphomas
  T-lymphoblastic lymphoma 2 (1.6)
  Burkitt lymphoma 3 (2.5)
  Anaplastic large cell lymphoma (relapse-1) 5 (4.1)
Solid
Osteosarcoma (relapse-1) 8 (6.6)
Ewing sarcoma 6 (4.9)
Giant cell tumor 1 (0.8)
Undifferentiated sarcoma 2 (1.6)
Rhabdomyosarcoma 2 (1.6)
Neuroblastoma 2 (1.6)
Hepatoblastoma 3 (2.5)
Wilm tumor 3 (2.5)
CCSK 1 (0.8)
Embryonal sarcoma of liver 1 (0.8)
Relapsed retinoblastoma (CNS relapse) 1 (0.8)
Germ cell tumor 1 (0.8)
Low-grade glioma 3 (2.5)
Ependymoma 1 (0.8)
Pineoblastoma 1 (0.8)
Medulloblastoma 1 (0.8)
Nasopharyngeal carcinoma 1 (0.8)

Table 3  Laboratory 
characteristics of children with 
COVID-19

Characteristics Median (range)

Absolute lymphocyte count at start of infection (×  109 /L) 0.66 (0.002–7.50)
Absolute neutrophil count at start of infection (×  109 /L) 1.18 (0.01–17.50)
Nadir absolute lymphocyte count during infection (×  109 /L) 0.55 (0.0002–3.83)
Nadir absolute neutrophil count during infection (×  109 /L) 0.63 (0.0002–11.83)
Serum ferritin levels (ng/mL) (n = 17 patients) 2590 (136–63,340)
CRP levels (mg/dL) (n = 19 patients) 3.41 (0.03–31.7)
D-dimer levels (n = 23 patients) 540 (228–24,605)
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interim. There were 5 children with ALL in whom mainte-
nance chemotherapy was started or continued without delay. 
Intravenous chemotherapy was delivered in 19 children with 
solid tumors with a median delay of 12 d (range 3–35 d). The 
remaining 25 of 70 included mainly children with ALL on 
consolidation, interim maintenance and delayed intensifica-
tion phases, and children with lymphomas. Of the 7 children 
who did not receive the planned intravenous chemotherapy, 
oral metronomic chemotherapy was started in 2 children 
with acute myeloid leukemia, interim oral chemotherapy 
was started in a child with early relapsed acute lympho-
blastic leukemia (postinduction having developed hepatic 
candidiasis during salvage induction), autologous stem-cell 
transplantation was cancelled in a patient with high-risk 
neuroblastoma, chemotherapy was deferred in a child with 
stable low-grade glioma, last cycle of chemotherapy was 
abandoned in a child with osteosarcoma (good histological 
necrosis) due to COVID-19, and one child defaulted after 
discharge from hospital. Both the children with reinfection 
also received their scheduled chemotherapy without delay 
and adverse reactions.

Planned surgery was delayed in 9 children due to 
COVID-19; of which, 2 (recurrent adrenocortical carci-
noma - 1, germ-cell tumor - 1) defaulted, interim cycles 
of intravenous chemotherapy were given in 2 till recovery 
(operated later), and rest were operated once recovered  
from infection. Two patients with brain tumors (epend-
ymoma - 1, pineoblastoma - 1) had delay of 28 d in delivery 
of radiotherapy.

Discussion

The limited earlier data on outcomes of COVID-19 in 
children with cancer show no increased vulnerability 
to COVID-19 or associated morbidity/mortality when 
compared with normal children [4, 5, 12]. The reasons 
for decreased incidence and milder infection in children 
remains elusive [13, 14] and in Mumbai as of October 
 12th, 2020, 12,602 of total 231,070 confirmed COVID-19 
cases (5.4%) and 44 of total 9,466 deaths (0.46%) were 
in < 20 y of age [15]. The cohort of children with COVID-
19 reported from Europe, including 25 children who were 
on or received chemotherapy in the previous 6 mo also 
showed a favorable outcome of COVID-19, with a case-
fatality rate of 0.69% [3]. The authors herein describe 
the largest cohort of children with cancer from a single 
center on active treatment (chemotherapy, surgery and or 
radiotherapy) with 82.7% on intravenous chemotherapy 
and another 9.0% having received it in the last 3 mo. 
COVID-19–related mortality in the present cohort (4.9%) 
is relatively higher than reports from China and Europe, 
which had showed rates less than 1% in children (< 19 y) 
and that of the otherwise healthy children (< 20 y) from 
Mumbai (0.46%) [3, 4, 15, 16], which may be attributed 
to the higher incidence of bacterial infections in the pre-
sent cohort where 4 of the 6 children dying of COVID-
pneumonia had superadded bacterial VAP and sepsis. 
However, the COVID-related mortality rate is similar to 
that reported in a review of 226 pediatric cancer patients 

Table 4  Children with COVID-19 who received respiratory support

AML Acute myeloid leukemia; B-ALL B cell acute lymphoblastic leukemia; CCSK Clear cell sarcoma of kidney; CML-BC Chronic myeloid 
leukemia-blast crisis; LMWH Low molecular weight heparin; MPAL Mixed phenotypic acute leukemia; NEC Necrotizing enterocolitis; RSV 
Respiratory syncytial virus; VAP Ventilator-associated pneumonia

Diagnosis Age (y) Phase of treatment Type of respiratory 
support

Drugs
(COVID directed)

Associated compli-
cations

Outcome

CML-BC 16 Palliative oral 
therapy

O2 via face mask Nil Leukostasis Alive

Relapsed retinoblas-
toma

4 Palliation O2 via face mask Nil Nil Dead (due to disease)

B-ALL (high-risk) 1 Delayed intensifica-
tion

Mechanical ventila-
tion

Dexamethasone VAP, Cardiac dys-
function

Dead

Relapsed B-ALL 12 Palliation O2 via face mask Nil Pseudomonas sepsis, 
Fungal pneumonia

Dead (due to disease)

CCSK 3 Adjuvant chemo-
therapy

Mechanical ventila-
tion

Methylprednisolone VAP, myocarditis, 
RSV pneumonia

Dead

AML 15 Consolidation 
chemotherapy

Mechanical ventila-
tion

Dexamethasone Klebsiella sepsis, 
NEC

Dead

Relapsed MPAL 7 Palliative oral 
therapy

O2 via face mask Dexamethasone, 
remdesivir, 
LMWH

Nil Dead
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with COVID from various countries [17]. Nevertheless, 
they warrant close follow-up during the course of infec-
tion and shortly thereafter. A sizeable proportion (23%) 
of patients in the aforementioned review were managed 
at home, and therefore, patients who are non-neutropenic, 
asymptomatic/mildly symptomatic, and not on intensive 
chemotherapy are best managed as outpatients with a sys-
tem for regular technology-based follow-up and early flag-
ging of warning signs [18].

In a descriptive study from Wuhan comprising all ages, 
the median period from symptoms onset to negative SARS-
CoV-2 RT-PCR test result was 20 d [17]. Though the median 
time to RT-PCR negativity was 21 d in the present cohort, 
one-half and one-fifth of the children had RT-PCR positivity 
at 3 wk and 5 wk of diagnosis of COVID-19, respectively. 
Higher ANC at admission and lower ANC-nadir during the 
course of infection were associated with delay in attainment 
of RT-PCR negativity. This may be partly due to the fact that 
those children with higher ANC at admission would have 
received the scheduled intensive systemic chemotherapy. 
This could have contributed to lower nadir-ANC and immu-
nosuppression, which coupled with the immunosuppression 
due to cancer seemed to have played a role in the delayed 
clearance of virus as evidenced by the increased time taken 
to attain negativity in 50.8% of the children with COVID-19 
and symptomatic reinfection in two of them. The reinfections 
in the present cohort were so adjudged as they were sympto-
matic at second episode, had a significant time elapsed since 
primary infection that had documented clearance, and were 
reconfirmed on RT-PCR with lower cycle threshold values 
compared to the last negative report. However, a limitation is 
that this could not be validated by simultaneous viral cultures.

Immunosuppression in children with cancer on active 
treatment is a concern for serious complications with 
COVID-19, and the present study showed slightly increased 
mortality in this selected population compared to previous 
reports. As reported by previous studies [17], majority of the 
infected children were only mildly symptomatic and stable, 
and COVID-19 positivity was not a major deterrent to the 
continuation of planned active therapy with or without modi-
fications. A systematic review has reported delay in planned 
chemotherapy in nearly three quarters of the patients [17]. 
The initial paucity of information and resultant uncertainties 
in the understanding of this new pandemic did cause some 
delay in the treatment in the present cohort of children in the 
early phase, which was offset by timely execution of planned 
SOPs and guidelines.

For pragmatic delivery of cancer care, a strategy with 
following goals was evolved at the authors’ institute early 
into the pandemic: to maintain low inpatient and daycare 
burden, to maintain low-resource utilization while not 
compromising on the curative intent and expected surviv-
als [9–11, 19]. The steps in this direction helped in the 

care of patients with and without COVID-19. The out-
comes of treatment deferrals and modifications will need 
to be measured over time.

While screening for COVID-19, though guidelines issued 
by the government and national advisory bodies were fol-
lowed, there is a selection bias in the study in that only those 
who were symptomatic or had a high-risk contact were 
tested, vis-à-vis universal testing of all patients with cancer. 
This together with false-negative RT-PCR test results, could 
have underestimated the true incidence. In contrast, a New 
York study had showed no increased incidence when asymp-
tomatic children with cancer were screened for COVID-19 
[5]. Only a few required ICU admissions or received anti-
viral, immunomodulatory treatment in this cohort, which 
limits any further conclusions regarding severe infection and 
COVID-19 directed therapy. Despite these limitations, this 
represents a comprehensive review of a large single-center 
cohort of children with cancer on active treatment diagnosed 
with COVID-19 and provides compelling grounds for unin-
terrupted cancer-directed treatment in this population.

Conclusions

In the present cohort of children with cancer, COVID-19 
was not a major deterrent to the continuation of active 
cancer treatment despite persistent positivity, and occa-
sional reinfection. The long-term assessment of treatment 
adaptations requires further prospective follow-up and 
real-time addressal.
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