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ABSTRACT 
Background: Considering the widespread COVID-19 pandemic and its impact, especially on children, 
particularly those with cancer, in terms of transmission risk, mortality, and the occurrence of the disease based 
on various studies in different countries, we decided to conduct this study to improve the care of children with 
cancer regarding COVID-19. 
Materials and Methods: A descriptive cross-sectional study with a confirmed diagnosis of COVID-19 consisted 

of obtaining 20 mL of blood samples from the participants in a random manner. Diagnostic examinations, 
including CT scans, chest X-rays, and a range of hematologic and blood tests, such as complete blood count, 
ESR, CRP, and D-Dimer, were performed on all patients. 
Results: This study contains 26 males and 12 females. The mean age of the patients was 3.81 ± 6.35 years. 
The majority of cancer patients with COVID-19 were diagnosed with Acute Lymphoblastic Leukemia (ALL) 
(47.7%). The most common symptoms of COVID-19 in the patients were fever (73.7%), cough (39.5%), and 
nausea/vomiting (21.1%). 40.4% of the patients had pathological findings suggestive of COVID-19 on their 

chest CT scans. 60.52% of the patients had an elevated Erythrocyte Sedimentation Rate (ESR), and 73.68% 

had an elevated C-reactive protein (CRP) level.  
Conclusion: Despite the outcomes of COVID-19 in most children with cancer in this study, children with cancer 
still experience risks from COVID-19, and it is unclear how delays and interruptions in cancer treatment and 
direct damage from the virus may impact long-term outcomes in these patients. 
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INTRODUCTION 
  Coronaviruses are single-stranded RNA-enveloped 
viruses belonging to the Corona viridae family, 
divided into four genera: Alpha, Beta, Delta, and 
Gamma. The membrane protein (M protein) and the 
envelope protein (E protein) are involved in virus 
morphogenesis. In contrast, the spike protein (S 
protein) facilitates virus entry into host cells and is a 
key target in vaccine development. SARS-CoV-2 uses 
the ACE2 receptor in various tissues such as the 
lungs, heart, liver, kidneys, and more to enter human 
cells. ACE2 is crucial in lung injury, heart function, 
and blood pressure regulation, and its levels 
correlate with interleukin 6, which is significant in 

cytokine storm syndrome. The clinical spectrum of 
symptoms is highly variable and can impact both 
mental and physical health, ranging from 
asymptomatic forms to severe respiratory failure 
requiring specialized care. Children with moderate to 
severe immune deficiencies, severe genetic, 
neurological, metabolic disorders, severe asthma, 
chronic respiratory diseases, and severe cardiac 
conditions are at higher risk for severe disease 
progression and leading to harm to human mental 
and physical health. 
COVID-19 in children generally presents with similar 
clinical features and pathogenesis as in adults, 
though asymptomatic and mild cases are more 
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common among children. Respiratory complications 
can include croup and bronchiolitis, and some 
children may develop multisystem inflammatory 
syndrome (MIS-C) after the acute infection phase, 
which can be dangerous despite its rarity. Children 
generally have a better prognosis and lower 
mortality rates compared to adults, though 
newborns and children under five are more 
susceptible to severe disease manifestations.  
Cancer continues to be a major worldwide 
contributor to mortality, with its incidence steadily 
increasing, leading to a significant surge in death 
rates. Pediatric cancer patients infected with COVID-
19 tend to experience more severe symptoms and 
worse outcomes, with about 20% of cases becoming 
severe or critical. Chemotherapy further weakens 
their immune systems, leading to delays in cancer 
diagnosis and treatment due to the pandemic. 
The effects of COVID-19 on pediatric cancer patients, 
including risk factors and clinical symptoms, are not 
fully understood, particularly in Iran. More 
information is needed to manage and plan treatment 
for this vulnerable group effectively. This study 
aimed to evaluate the prevalence of COVID-19 in 
cancer patients under 18 years old and analyze their 
clinical and laboratory characteristics to improve 
treatment outcomes and quality of care for this 
vulnerable population. 
 
Materials and Methods 
Study description 
We conducted a descriptive cross-sectional study on 
38 patients under the age of 18 with a confirmed 
diagnosis of COVID-19. Using a simple random 
sampling method, we selected patients hospitalized 
at Rasoul Akram or Ali Asghar hospitals, affiliated 
with the Iran University of Medical Sciences in 
Tehran, Iran, between April and September 2020. 
 
Study design 
The study involved collecting 20 mL of blood samples 
from each participant. A questionnaire was created 
to gather demographic and clinical details, including 
gender, age, presence of fever, and history of 
chemotherapy. Diagnostic procedures were 
conducted for all patients, including CT scans, chest 
X-rays, and various hematologic and blood tests such 

as complete blood count, ESR, CRP, and D-Dimer. The 
clinical symptoms experienced by the patients, such 
as respiratory or digestive complications, were 
carefully documented. 
The NAAT-PCR test is the gold standard for 
diagnosing COVID-19. Patient samples were 
collected via nasopharyngeal and oropharyngeal 
swabs. The timing of this test affects its sensitivity, 
with the highest sensitivity (89%) in the first four 
days of symptom onset. It should also be noted that 
a positive RNA virus detection does not necessarily 
indicate active infection, as the test can remain 
positive for up to 90 days after the illness. 
All the examinations were conducted with the 
ethical code of (IR.IUMS.FMD.REC.1400.229) 
certified by the ethical committee of the Iran 
University of Medical Sciences. 
 
Inclusion criteria 
The inclusion criterion for participation in the study 
is a confirmed diagnosis of COVID-19 through RT-PCR 
in patients under the age of 18 with cancer who have 
been referred to Rasoul Akram or Ali Asghar 
hospitals between April and September 2020 and 
have been hospitalized for any reason, and express 
their consent to participate in the research project. 
 
Exclusion criteria 
Patients whose information and medical records 
were incomplete regarding the variables of the 
study, who were over 18 years old, or who did not 
agree to participate in the research project were 
excluded (Figure 1). 
 

 
 

Figure 1. Flow diagram 
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Virus detection 
Serological tests play a distinct role in the diagnostic 
landscape of COVID-19, detecting IgM and IgG 
antibodies against viral proteins. IgM indicates a 
recent infection, while IgG suggests a past infection 
within the last six months. However, these tests 
should not replace PCR or antigen tests, especially 
for confirming active infection. CDC guidelines 
recommend PCR confirmation for positive antigen 
tests, particularly in asymptomatic individuals or 
those with no COVID-19 exposure history. 
Serological tests are valuable in occupational health, 
public health, and specific clinical settings. They are 
particularly useful in diagnosing recent infections in 
conditions like Multisystem Inflammatory Syndrome 
in Children (MIS-C) and indicating potential 
immunity against reinfection. Nonetheless, their 
primary role remains supplementary to PCR and 
antigen tests for active infection diagnosis. 
 
Data analysis 
The correlations between the variables were 
analyzed using t-tests or one-way ANOVA. 
Continuous variables were presented as mean values 
accompanied by their standard deviation (SD), while 
qualitative variables were reported as frequency 
percentages. The statistical analysis was conducted 
using SPSS 20 software, with a significance level of 
p < 0.05, indicating statistical significance. 
 
 
RESULTS 
Demographics of pediatric cancer patients 
The study included 38 patients, most of whom were 
male. Specifically, there were 26 males (68.4% of 
participants) and 12 females (31.6% of participants). 
The patients ranged in age from 1 to 15 years old, 
with an average age of 6.35 years and a standard 
deviation of 3.81 years. Notably, half of the 
participants (19 patients) were under the age of 5 
years (Figure 2). 
 
 
 
 
 

 

 
 

Figure 2.  Frequency and number of patients based on age and 
sex  

 

Clinical characteristics of pediatric cancer patients 
with COVID-19 
Most of the pediatric cancer patients with COVID-19 
(47.7%) had Acute Lymphoblastic Leukemia (ALL). 
Other diagnoses included Neuroblastoma, 
Retinoblastoma, and brain tumors. The majority of 
the patients (84.2%) were undergoing 
chemotherapy, and four patients had undergone 
surgery in addition to chemotherapy (Table 1). This 
Table shows the number and percentage of pediatric 
cancer patients with COVID-19 for each cancer type 
included in the study. 
 
COVID-19 testing and symptoms in pediatric cancer 
patients 
The majority of pediatric cancer patients (71.1%) 
tested positive for COVID-19 via RT-PCR during their 
initial visit, while 28.9% tested positive after being 
hospitalized. The most common symptoms observed 
were: Fever (73.7%), Cough (39.5%), 
Nausea/Vomiting (21.1%), Diarrhea, and Rhinitis. 
Moreover, 40.4% of the patients had pathological 
findings of COVID-19 on their lung CT scans. (Figure 
3). This figure highlights the prevalence of different 
complications among the pediatric cancer patients in 
the study. 
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                      Table 1: The number of patients with various type of cancers  

Cancer types Male (%) Female (%) 

Acute lymphoblastic leukemia (ALL) 11 (28.9%) 6 (15.7%) 

Acute myeloid leukemia (AML) 1 (2.63%) 0 

B-cell lymphoma 1 (2.63%) 0 

Hodgkin's lymphoma 1 (2.63%) 0 

Burkitt lymphoma (BL) 2 (5.26%) 0 

Rhabdomyosarcoma 2 (5.26%) 0 

Osteosarcoma 2 (5.26%) 0 

Neuroblastoma 1 (2.63%) 2 (5.26%) 

Brain tumor 1 (2.63%) 2 (5.26%) 

Retinoblastoma 2 (5.26%) 1 (2.63%) 

Hepatoblastoma 1 (2.63%) 0 

Glioblastoma (GBM) 0 1 (2.63%) 

Autoimmune lymphoproliferative syndrome (ALPS) 1 (2.63%) 0 

 
 

 

 
 

Figure 3. Patient's complications were demonstrated. Most of the patients had fever in their history 
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Laboratory findings and treatments in pediatric 
cancer patients with COVID-19 
 
Laboratory findings 
In terms of serum factors, there were no significant 
differences among the patients, except for the C-
reactive protein (CRP) level, which was higher in 
patients with severe involvement compared to those 
with mild to moderate involvement. This difference 
was statistically significant, as determined by t-test 
analysis (P-value < 0.05). Furthermore, 13.5% of the 
patients had thrombocytopenia, and 21.1% had 
leukocytosis. The distribution of thrombocytopenia 
and leukocytosis did not show a significant 
difference among the three groups of patients. The 
main results included leukopenia in 55.26% of 
patients (21 patients), leukocytosis in 21.05% (8 
patients), normal BUN and creatinine levels in all 
patients, elevated D-dimer in 15.79% (6 patients, 
above 600 ng/ml), high Erythrocyte sedimentation 
rate (ESR) in 60.52%, high CRP in 73.68%, and 

thrombocytopenia in 13.5%. A statistically significant 
finding was that higher CRP levels were associated 
with severe cases (P-value < 0.05). 
 
Treatments administered 
Most patients received antibiotics (76.3%), including 
azithromycin, cefazolin, and amikacin. Antiviral 
agents were used in 76.3% of patients (e.g., 
remdesivir, favipiravir), and Corticosteroids in 36.8% 
of patients (e.g., prednisolone, dexamethasone). 
Intravenous immunoglobulin (IVIG) was used in 
36.8% of patients and only in 1 patient prescribed 
hydroxy urea (Figure 4).  
The study reveals a high prevalence of leukopenia 
and elevated inflammatory markers such as ESR and 
CRP in pediatric cancer patients with COVID-19. 
Higher CRP levels were significantly associated with 
severe disease. Most patients received a 
combination of antibiotics, antiviral agents, 
corticosteroids, and IVIG, reflecting a comprehensive 
approach to managing this vulnerable population. 

 
 

Figure 4. (a) Patient's hematologic and blood tests; (b) The protocol of cancer treatment for patients; (c) Frequency of medication      
administration in patients 
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DISCUSSION 
   Although SARS-CoV-2 infection is less prevalent in 
the pediatric population compared to adults, the 
presence of malignancy and its underlying 
treatments may increase the risk of contracting this 
disease in children with malignancies. On the other 
hand, infection control measures and hospital 
conditions may restrict the access of sick children 
and their parents to diagnostic and therapeutic 
facilities in hospitals and negatively impact the 
psychological well-being of both children and 
parents. Therefore, we aimed to investigate the 
prevalence and symptoms of SARS-CoV-2 infection in 
children with malignancies referred to two medical 
centers in Iran, one of which was a pediatric referral 
center. In this study, among 494 patients under 18 
years of age with cancer who were included in the 
analysis, we found 38 patients (7.69%) with a 
positive RT-PCR test. In the study by Millen et al., the 
estimated incidence of SARS-CoV-2 infection 
identified in hospitalized children under 16 years of 
age with cancer was 3%. In the study by 
Madhusoodhan et al., 16.95% of pediatric oncology 
patients tested positive for SARS-CoV-2. In two other 
studies in the United States, approximately 11% of 
pediatric oncology patients tested positive for SARS-
CoV-2(21, 22). These differences may be attributed 
to variations in the extent and accuracy of screening 
among immunocompromised patients, the 
availability of tests, and temporal differences in the 
stage of the COVID-19 pandemic. In a study 
conducted by Navaiyan et al. in Iran (Tehran), 7.4% 
of children under 15 years of age with cancer had a 
positive RT-PCR test, which is similar to our study. 
The mean age of the patients was 3.81 ± 6.35 years, 
with 50% being under five years old. Among the 
study participants, 68.4% were male. In the study by 
Schlage et al., out of the 79 patients with SARS-CoV-
2 infection, 45 were male (57.0%), with a mean age 
ranging from 6 months to 17 years. In the study by 
Navaiyan et al., 55% of the patients were male, with 
a mean age of 6 years, and 45% were under 5 years 
old. Considering that ALL is the most common 
malignancy in childhood and that it is more prevalent 
in males, the higher proportion of males in our study 
can be justified. 

Most of the cancer patients who had COVID-19 were 
diagnosed with Acute Lymphoblastic Leukemia (ALL) 
(47.7%). The next most common cancers were 
Neuroblastoma, Retinoblastoma, and brain tumors 
(each at 7.9%). In the study by Madhusoodhan et al., 
53% of patients had ALL. Similarly, Schlage et al. 
reported that the most common malignancy was 
Acute Lymphoblastic Leukemia (ALL). These results 
were also observed in the studies by Navaiyan and 
Mehrvar. The predominance of ALL among pediatric 
cancer patients with COVID-19 can be attributed to 
leukemia being the most frequent malignancy in this 
age group. 
The most common symptoms in patients with 
COVID-19 were fever (73.7%), cough (39.5%), and 
nausea/vomiting (21.1%). In the studies by Navaiyan 
et al. and Mehrvar et al., fever and cough were also 
the most common symptoms (38, 41). Similarly, in a 
study by Shahnaz Armin et al. conducted on children 
under 18 years old with COVID-19 in five major cities 
in Iran, fever and cough were the most common 
clinical symptoms. In a global study of 1,747 cases 
from over 50 countries, including low- and middle-
income countries in South America, Africa, and Asia, 
fever (43.3%) and respiratory symptoms (28.6%) 
were reported as the most common symptoms, 
followed by ear, nose, and throat symptoms (17.6%) 
and gastrointestinal symptoms (9.8%). Similarly, the 
US Pediatric Oncology COVID-19 Consortium (POCC) 
registry reports that 35% of solid tumor patients and 
42% of hematologic malignancy patients tested 
positive for COVID-19 were asymptomatic. Among 
symptomatic patients, fever (37%) and cough (31%) 
were the most common symptoms, followed by 
congestion/rhinorrhea (16%), shortness of breath 
(10%), gastrointestinal symptoms (nausea and 
vomiting 9%), and diarrhea (6%), headache (10%), 
myalgia (9%), fatigue (8%), and sore throat (8%). 
71.1% of the patients had a positive RT-PCR test at 
the time of referral, and 28.9% tested positive during 
hospitalization. In a study by Teresa de Rojas in 
Madrid, 63% of hospitalized patients were admitted 
due to COVID-19 infection. The number of patients 
who tested positive for COVID-19 during 
hospitalization highlights the need for healthcare 
providers to follow protective protocols and 
implement physical measures to protect patients 
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from infections. It also emphasizes the importance of 
continuously monitoring and testing patients for 
COVID-19 and other infections during their hospital 
stay or considering outpatient treatment and home-
based care. According to the experience of Mehrvar, 
outpatient treatment without antivirals or 
antibiotics was a suitable option for pediatric 
oncology patients with mild COVID-19 symptoms, 
and all patients with mild COVID-19 symptoms who 
avoided hospitalization recovered at home. 
Although children with cancer have generally had 
better outcomes with COVID-19 compared to adults 
with cancer, the risk of hospitalization, ICU 
admission, and death has increased compared to the 
general pediatric population. In this study, 21 people 
(55.26%) had leukopenia, eight people (21.06%) had 
leukocytosis, 13.5% had thrombocytopenia. Also, in 
6 patients, D-dimer was high. About 60 percent of 
patients had high ESR, and 73 percent of patients had 
high CRP. In this study, no relationship was found 
between thrombocytopenia, leukocytosis, and the 
severity of the disease. The only laboratory factor 
with a statistically significant relationship with 
disease severity was CRP (p-value <0.05). In Noviani 
et al.'s study, most patients had lymphopenia. The 
mean ESR and CRP in patients was 62 and 67 mg/dl. 
In Shahnaz Armin et al.'s study, 24.5% of children 
with COVID-19 had leukocytosis, and 9.33% had 
leukopenia. According to two systematic reviews, 
most children with COVID-19 have normal WBC 
counts, and the most common abnormalities are 
leukopenia and lymphopenia. In a study conducted 
by Madhusoodhan, no relationship was found 
between inflammatory factors such as CRP and D-
dimer and the severity of disease in children with 
cancer. According to Benjamin Gallo Marin et al.'s 
study, some laboratory markers may predict COVID-
19 prognosis. Findings typically associated with 
worse outcomes include increased D-dimer, C-
reactive protein (CRP), LDH, and highly sensitive 
cardiac troponin -I. In a meta-analysis by Sujan Badal 
et al., leukopenia, lymphopenia, procalcitonin 
elevation, and high CRP and D-dimer were common 
laboratory abnormalities in children. In another 
cross-sectional analytical study conducted in 
children with underlying disease, high CRP, 
procalcitonin, and lymphopenia had a significant 

correlation with disease severity. Hend A. Nooh et 
al.'s study showed no clear significant relationship 
between the evaluated inflammatory indices and 
outcome in children with cancer and COVID-19, 
except for PLR (platelet to lymphocyte ratio). 
Increased RDW and lymphopenia may also play a 
role in undesirable outcomes. Increased CRP in 
adults with cancer has had a significant association 
with disease severity. CRP is an inflammatory marker 
secreted in response to inflammatory cytokines 
secreted from activated macrophages. Therefore, its 
serum level can reflect the intensity of inflammation 
and cytokine storm associated with COVID-19. Unlike 
adults, information on laboratory markers in the 
pediatric cancer population with COVID is less. It 
requires further evaluation in a larger population 
over a longer period. In our study, 76.3% of patients 
received antibiotics, including azithromycin, 
ceftazidime, amikacin, etc., 76.3% received antiviral 
drugs, including remdesivir and favipiravir, 36.8% 
received corticosteroids including prednisolone and 
dexamethasone, 39.5% received IVIG and one 
patient also received hydroxychloroquine. There are 
multiple reports on various therapeutic options 
against COVID-19 in pediatric cancer patients. To 
date, no randomized controlled trial has 
demonstrated the benefits of hydroxychloroquine 
administration in pediatric cancer patients with 
COVID-19. However, some studies have reported 
hydroxychloroquine administration in the early 
phases of the COVID-19 outbreak. Studies have 
shown that antiviral therapy can be beneficial in 
managing severe phases of SARS-CoV-2 infection by 
shortening recovery time. There is no specific 
antiviral therapy for SARS-CoV-2, so increased 
surveillance and preventive strategies should be 
considered to reduce exposure risk. Many 
unanswered questions remain in managing pediatric 
cancer patients infected with COVID-19. In this 
environment, treatment decisions must be 
individualized based on each case, and patients 
should receive their anticancer treatment under 
strict SARS-CoV-2 screening. In our study, 10.5% of 
patients were severe or critical. One patient who had 
a brain tumor (glioblastoma) was intubated and 
(probably) died of COVID-19. Similar studies in Italy, 
France, and Britain did not report death. However, in 
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Noviani et al.'s study, 20% of patients died during 
treatment, which was significantly higher than the 
reported mortality in other studies. In another study 
in the United States consisting of 98 patients in the 
New York/New Jersey area, two deaths (possibly) 
related to COVID-19 infection were reported. In a 
meta-analysis study, mortality in children with 
cancer was 0.6 percent. In a global review of 1,747 
cases, 3.8 percent had died due to COVID-19. 
In a global study in 45 countries, a higher proportion 
of severe or critical outcomes was observed in 
patients in low-income and lower-middle-income 
countries (41.7 percent versus 16.5 percent in upper-
middle-income countries and 7.4 percent in high-
income countries) compared to patients in other 
income groups. In most studies, children with cancer 
generally have a more severe clinical course and 
higher mortality compared to the general pediatric 
population. Children with cancer and undergoing 
treatment for it are a vulnerable population. Cancer 
and its treatment suppress the immune system and 
increase the risk of infection and severity of any 
infection. Frequent hospital visits for treatment 
make it difficult to follow social distancing and the 
use of masks.  
In our study, most children with cancer who 
contracted COVID-19 had a benign outcome. 
However, the broader implications for pediatric 
cancer patients during the pandemic are concerning. 
The risks are multifaceted, including potential 
treatment delays, interruptions in ongoing cancer 
therapies, and direct harm from the virus. These 
factors collectively raise uncertainties about the 
long-term outcomes for these vulnerable patients. 
The impact of COVID-19 on children with cancer 
extends beyond immediate health effects. Delays or 
disruptions in cancer treatment schedules can 
compromise prognosis and overall survival rates. 
Furthermore, the direct physiological effects of 
COVID-19 on individuals undergoing cancer 
treatment are not fully understood, adding 
complexity to their management and care. 
Comprehensive strategies are needed to mitigate 
these risks, including robust infection control 
measures, adapted treatment protocols, and 
ongoing research better to understand the 
intersection of COVID-19 and pediatric oncology. 

Efforts must minimize treatment disruptions while 
ensuring patient safety and optimizing long-term 
health outcomes. 
 
CONCLUSION 
   Although COVID-19 resulted in relatively mild 
outcomes for most pediatric cancer patients in this 
study, those undergoing cancer treatment remain 
vulnerable to the virus. The implications of potential 
treatment delays or interruptions, as well as direct 
harm from COVID-19 itself, on the long-term 
prognosis of these young patients are uncertain. 
While immediate COVID-19 effects were mild in this 
cohort, pediatric cancer patients still face unique 
vulnerabilities, and questions remain regarding the 
virus's potential long-term impacts on treatment 
outcomes. 
To validate the findings of this study, additional 
clinical trials involving pediatric cancer patients from 
various regions and multiple hospitals are necessary. 
Future prospective studies should also focus on 
assessing the long-term efficacy of different 
treatments and preventive strategies. This approach 
will help optimize care protocols and improve 
outcomes for pediatric cancer patients affected by 
COVID-19. 
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