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Abstract

Introduction: COVID-19 has caused a health, social, and health system emergency, with a dismal infection behavior in patients with special conditions, such as the
immunocompromised pediatric population.

Objective: To describe the clinical-epidemiological characteristics of infected SARS-CoV-2 pediatric patients with immunocompromised and neoplastic disorders.
Methods: Between March 2020 and February 2022, a retrospective descriptive study was carried out in a cancer center in the Colombian Caribbean. Forty-one im-
munocompromised children with oncological pathologies and a diagnosis of SARS-CoV-2 infection were included. Inflammatory markers associated with severity,
such as ferritin, leukocytosis, and lymphocytosis, were analyzed.

Results: 24.39% of the children evaluated had sickle cell anemia and acute lymphoid leukemia (in the consolidation or maintenance phase). The most frequent
symptoms were fever (31.71%), cough (29.27%), and runny nose (19.51%). The severity of the COVID-19 infection was mild in 39.02% of the cases, and 24.39% were
asymptomatic. Inflammatory markers and clinical manifestations were not associated with severity. Severity was also not associated with oxygen requirements,
thoracic radiological changes, or admission to the ICU (P-value >0.05).

Conclusions: The results suggest that despite immunosuppression, the pediatric population did not present severe cases of COVID-19 infection.

Keywords: Epidemiology, cancer, oncologic, intensive care unit.

SARS-COV-2 en pacientes pediatricos con inmunosupresion y desordenes neoplasicos de un centro de cancer en el
caribe Colombiano

Resumen

Introduccién: El COVID-19 ha provocado una emergencia sanitaria, social y del sistema de salud, con un desconocido comportamiento entre pacientes con condi-
ciones especiales, como es la poblacién pediatrica inmunocomprometida.

Objetivo: Describir las caracteristicas clinico-epidemioldgicas de pacientes pediatricos infectados por SARS-CoV-2 con inmunodepresién y trastornos neoplasicos.
Métodos: Entre marzo de 2020 y febrero de 2022 se realizé un estudio descriptivo retrospectivo en un centro oncolégico del Caribe colombiano. Se incluyeron
41 nifios inmunocomprometidos con patologias oncoldgicas y diagnostico de infeccion por SARS-CoV-2. Se analizaron marcadores inflamatorios asociados a la
gravedad, como ferritina, leucocitosis y linfocitosis.

Resultados: El 24,39% de los nifios evaluados presentaban anemia falciforme y leucemia linfoide aguda (en fase de consolidacién o mantenimiento). Los sintomas
mas frecuentes fueron fiebre (31,71%), tos (29,27%) y secrecién nasal (19,51%). La gravedad de la infeccién por COVID-19 fue leve en el 39,02% de los casos y el
24,39% fueron asintomaticos. Los marcadores inflamatorios y las manifestaciones clinicas no se asociaron con la gravedad. La gravedad tampoco se asocié con las
necesidades de oxigeno, los cambios radioldgicos toracicos o el ingreso en la UCI (valor de p > 0,05).

Conclusiones: Los resultados sugieren que a pesar de la inmunosupresion, la poblacion pediatrica no presenté casos graves de infeccion por COVID-19.

Palabras clave: Epidemiologia, cancer, oncologia, unidad de cuidados intensivo.
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Introduction

Since March 11, 2020, the declaration of a pandemic has
profoundly impacted individuals, families, economies, and
health systems. In the healthcare sector, challenges have
ranged from alterations in patient care dynamics, modifica-
tions in care areas, changes in work systems, to adjustments
in personal protective equipment. The most significant in-
fluence of COVID-19 has been the presentation of scientific
evidence supporting preventive measures, control practices,
and the clinical management of patients (1). As of August
2022, Colombia has reported 6,278,998 cases of COVID-19,
ranking 19th worldwide in infections (12,340 per 100,000 in-
habitants), with a current lethality of 141,075 deaths (282 per
100,000 inhabitants)?.

It is noteworthy that SARS-CoV-2 has not significantly impac-
ted the pediatric population?. Similar to other coronaviruses,
SARS-CoV-2 uses angiotensin-converting enzyme 2 (ACE2)
as a receptor for cell entry (4). In children, the presence of this
enzyme is acknowledged, but its maturity and functionality
are lower or exhibit a different composition®. This may im-
pede virus replication, leading to a lower incidence of SARS-
CoV-2°. However, it is observed that SARS-CoV-2 may cause
more severe infections in immunocompromised children, si-
milar to the effects observed in adults with cancer®.

While the frequency of viral respiratory infections in children
with cancer has been documented in recent years, with detec-
tion rates reaching up to 46% in episodes of febrile neutrope-
nia, the clinical evolution of these patients has generally been
favorable (7,8). However, limited information is available about
SARS-CoV-2 infection in immunocompromised patients.

In Colombia, reports detailing the clinical and epidemiolo-
gical characteristics of SARS-CoV-2 infection in the immu-
nocompromised pediatric population are scarce. Therefore,
conducting studies in this population is crucial to investigate
whether immunosuppression hinders an exacerbated immu-
ne response (cytokine storm) or is associated with a higher
risk of opportunistic infections®1°.

The objective of this study is to describe the clinical and epi-
demiological characteristics of pediatric patients with immu-
nocompromised and neoplastic disorders.

Methods

Type of study, population, area, and size sample

Between March 2020 and February 2022, a retrospective
descriptive study was carried out in an immunocompromised
pediatric population. Clinical and epidemiological variables
were recorded. Solid tumors, hematological pathologies,
central nervous system tumors, and other states of immuno-
suppression were used. A convenience sampling was carried
out in all children who underwent an RT-gPCR test for SARS-
CoV-2 before hospitalization admission. After the screening

test for COVID-19 for patients about to undergo chemothe-
rapy, 41 boys and girls diagnosed with SARS-CoV-2 infec-
tion were chosen. The patients attended the IMAT high-tech
medical institute in Monteria, Cordoba, located in Northwest
Colombia in the Caribbean region. The clinic is a referen-
ce center for patients with oncological and more complex
pathologies. When this study was conducted, 9,064 immu-
nocompromised children were treated at the oncology clinic.

Inclusion and exclusion criteria

Cancer patients under 18 years of age with neoplastic patho-
logies were included. Hence, congenital or acquired bone
marrow failure, sickle cell anemia, and thalassemia were in-
cluded. Other cases of immunosuppression were also inclu-
ded. All included patients were diagnosed with SARS-CoV-2
infection by RT-qPCR. Patients with incomplete medical his-
tories were excluded from the study.

Clinical and epidemiological features

Laboratory and radiological findings were analyzed. Based on
body mass index, anthropometric variables were used to clas-
sify patients as underweight, healthy (standard), overweight,
or obese. For an age subgroup analysis, age was categorized
according to WHO parameters for the classification of pe-
diatric patients: infants: 0-2 years, preschoolers: 3-5. years,
schoolchildren: 6-11 years, and adolescents: 12-18 years. The
severity assessment in patients with COVID-19 was defined
according to clinical characteristics, laboratory tests, and ab-
normal radiological changes. Asymptomatic, mild, moderate,
and severe infections were taken into account. According to
the following diagnostic criteria™:

* Asymptomatic: no symptoms and normal chest X-ray,
with positive RT-qPCR test for COVID-19.

* Mild: upper respiratory tract involvement, symptoms such
as fever, cough, hyaline runny nose. Some cases may not
have a fever or only have digestive problems. Symptoms
such as nausea, vomiting, abdominal pain, and diarrhea.

« Moderate: cases of fever, cough, radiological changes of
pneumonia with alterations in oxygenation, but without
alterations in the respiratory pattern. Some cases may
not have clinical signs and symptoms, but a chest x-ray
shows subclinical lung lesions.

» Severe: A progressive pattern in the disease leads to res-
piratory distress, hypoxemia with SAO2 <92%, central
cyanosis, respiratory failure, acute respiratory distress
syndrome (ARDS), or multiple organ involvement that
can lead to death.

Statistical analysis

Data from electronic medical records systematized in the
Cintos® hospital software were used. Variables of epidemio-
logical interest such as age, sex, nutritional status, ethnici-
ty, and origin were analyzed. Clinical characteristics such as
diagnostic criteria, symptoms, signs, laboratory parameters),
and characterization of the final state of the patients was
also included. For the processing and analysis of the data,
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the following statistical packages, Microsoft Excel 2010, the
statistical package for the social sciences version 27 (SPSS),
and Info-stat 2018 were used, with which a descriptive analy-
sis of the frequency distribution of categorical variables and
analysis of measures of central tendency and dispersion for
continuous variables. The normality of the variables was eva-
luated through the Shapiro-Wilks test. The bivariate analysis
was performed through Pearson’s chi-square test and Krus-
kal-Wallis test. On the other hand, for the qualitative-quan-
titative variables, a principal component analysis (PCA) was
used, allowing us to reduce the dimensionality and group
which variables are in tune with the respective severity. Fina-
lly, the level of significance established is 5%, that is, P-value
< 0.05, and odds ratio (OR) with 95% confidence intervals
were calculated.

Results

Sociodemographic and Clinical Characteristics

Forty-one immunocompromised pediatric patients were
included in the study. This cohort comprised children with
oncology, hematology, and other states of immunosuppres-
sion due to acquired pathologies. Of the participants, 63.41%
were male, and 85.4% of the cases were located in the de-
partment of Cérdoba. The median age was nine years, with
the highest representation in the adolescent group (36.6%),
followed by school-age children (29.3%), and a lower pro-
portion of infants (14.6%). Moreover, the majority belonged
to a low socioeconomic status (78%), with 24% of these chil-
dren affected by sickle cell anemia. Additionally, nearly 40%
of them exhibited mild symptoms of COVID-19. In terms of
nutritional status, 60.9% had a healthy weight, while 24.4%
were underweight (Table 1).

Radiological Findings and Clinical Outcomes

Chest X-rays revealed abnormalities consistent with SARS-
CoV-2 infection in 56.1% of patients. Peribronchial enhan-
cement (24.4%) and air bronchogram (17.1%) were the pre-
dominant radiological findings, with an absence of air bron-
chogram in lactating patients. A notable 46% did not present
any radiological changes (Table S1 - supplementary material).
Some patients required oxygen during their hospital stay,
and a subset of them was admitted to the intensive care unit
(Table 1).

Oncological Pathologies and SARS-CoV-2 Infection
Among the children infected with SARS-CoV-2, 56.09%
presented a malignant oncological pathology, with acute
lymphoid leukemia accounting for 24.4%, solid tumors for
14.63%, and central nervous system tumors for 7.31%.

Association Analysis: Clinical Manifestations,
Inflammatory Parameters, and Clinical Outcomes

The association between clinical manifestations, inflammatory
parameters, and radiological alterations, oxygen need, and
ICU hospitalization did not demonstrate a significant relation-
ship (P-value > 0.05) (Table 2). Principal components analysis
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Table 1. Sociodemographic and clinical characteristic of the pediatric patients
(n/%)

Characteristic of the oncological children (COVID-19)

Female (%) 15 (36.6)
Sex
Male (%) 26 (63.4)
Median age in years (range) 9 (1-17)
Infant (%) 6 (14.6)
Preschool (%) 8 (19.5)
Age group
School (%) 12 (29.3)
Teenager (%) 15 (36.6)
Normal weight 25 (60.48)
Low weight 10 (24.39)
Nutritional condition
Overweight 5(12.2)
Obesity 1(2.43)
Sickle cell anemia 10 (24.4)
Acute lymphoid leukemia 9 (22)
Osteosarcoma 3(7.3)
Oncological pathology CNS tumors 3(7.3)
Idi hi
diopat .|c 2.(49)
thrombocytopenic purpura
Other 14 (34.1)
RT-qPCR (Positive-SARS-CoV-2) 41 (100)
Yes 23 (56.1)
Chest x-ray compromise
No 18 (43.9)
Yes (%) 12 (29.3)
Oxygen requirements
No (%) 29 (70.7)
Yes (%) 6 (14.6)
ICU requirements
No (%) 35 (85.4)
Asymptomatic 10 (24.4)
COVID-19 severity Mild 16 (39.1)
Moderate-Severe 15 (36.5)
Mechanic ventilation Yes 0
Mortality by COVID-19 Yes (%) 0

also failed to show an association between the evaluated in-
flammatory parameters and radiological alterations, oxygen
requirements, or ICU admission (Figure 1), with over 80% of
the data variability explained by one of the main components.

Association Analysis: Symptoms, Tumor Types,
Chemotherapy, and Clinical Severity

There was no evidence of an association between symptoms
and the clinical severity of COVID-19 (P-value > 0.05) (Table
3). Similarly, no relationship was found between the type of
tumor, administration of chemotherapy, and clinical severity
or the requirement for ICU admission for COVID-19 (P-value
> 0.05) (Table 4).
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Association Analysis: Inflammatory Parameters and
Severity of COVID-19

The relationship between paraclinical parameters and the se-
verity of SARS-CoV-2 infection did not show a significant as-
sociation with inflammatory parameters (Figure 2), with over
70% of the data variability explained by one of the main com-
ponents. However, we are contemplating further exploration
of inflammatory parameters, such as LDH and leucocytes. We
showed a significant difference (P-value < 0.005) in LDH le-
vels concerning the severity of COVID-19 (Figure 3).

Discussion

Immunocompromised pediatric patients represent a popu-
lation vulnerable to infectious diseases, particularly in tropical
countries. However, our study reveals that SARS-CoV-2 infec-
tion in immunocompromised children follows a benign cour-
se, suggesting it may not warrant discontinuation of antitumor
therapy. This observation aligns with Schlage et al.’s findings',
which similarly found no association between serious COVID-19
complications and ongoing chemotherapy in immunocompro-
mised pediatric populations. Nevertheless, the existing data on
COVID-19 infection in this group are limited, emphasizing the
need for further dedicated studies in this pediatric population™.

Concerning the severity of infection, our study demonstrates a
high proportion of asymptomatic cases, possibly attributed to
the pre-admission RT-qPCR testing for SARS-CoV-2, a measure
implemented due to the usual asymptomatic or mildly sympto-
matic nature of this infection in pediatric populations'*.

Seventy-five percent of the immunocompromised children
in our study had malignant pathology, with 34.14% having
liquid tumors, the most common cancers in children, and
those most associated with SARS-CoV-2 infection in pedia-
tric cancer patients'®'. Notably, many patients had well-
controlled oncological diseases, undergoing maintenance
or consolidation chemotherapy, likely explaining the lack of
association between pathology type and clinical severity of
SARS-CoV-2 infection, as reported in Spain’@.

The most common symptoms across different age groups in
our study were fever, cough, runny nose, and nasal conges-
tion, consistent with findings from the Mexican Academy of
Pediatrics™ and similar to clinical manifestations reported in
both immunocompetent populations in the Colombian Ca-
ribbean and immunosuppressed patients in Wuhan, China2',

In our study, radiological findings, including peribronchial
enhancement and air bronchogram, did not correlate with
symptom severity, with 41.46% of patients exhibiting no
radiological alterations. These results align with the notion
that chest radiography may lack specificity in diagnosing CO-
VID-19 in pediatric populations, although it remains valuable
as a screening tool in the initial diagnosis'?. Individualized
assessments considering the epidemiological context, symp-
toms, and comorbidities are essential.

Table 2. Relationship between clinical manifestations and radiological
changes, need for oxygen, hospitalization in pediatric ICU.

Chest X-ray alterations

Variables
P value OR, 95%CI
Respiratory distress 0.4 1(0.89-1.3)
Fever >38 0.84 1(0.68-1.6)
Cough 0.06 1.4 (0.9-2.3)
Headache 0.2 0.9 (0.8-1)
Diarrhea 0.7 1.6 (0.13-19)
S 08 0.76 (0.09-6)
Vomit 0.85 1.2 (0.18-8)
Nasal congestion 0.1 0.25 (0.042-1.4)
Loss of appetite 0.42 2.5 (0.24-26)
Rhinorrhea 0.23 6.3 (0.08-1.9)
T Oxygen requirements
P value OR, 95%CI
Respiratory distress 0.87 1.2 (0.1-15)
Fever >38 0.18 0.32 (0.06-1.8)
Cough 0.25 1.2 (0.0.1-15)
Headache 0.024 0.83 (0.6-1.1)
Diarrhea 0.14 5.6 (0.45-68)
Symptoms
Abdominal pain 0.84 0.8 (0.7-8.4)
Vomit 0.37 1.7 (0.33-12)
Nasal congestion 0.96 1(0.7-1.3)
Loss of appetite 0.33 2.7 (0.33-22)
Rhinorrhea 0.56 1.6 (0.3-8)
Hospitalization in ICU by
Variables o=
P value OR, 95%ClI
Respiratory distress 0.34 3.3(0.25-43)
Fever >38 0.92 1.1 (0.17-6.8)
Cough 0.46 043 (0.4-4.2)
Headache 0.15 6.8 (0.36-126)
oD Diarrhea 0.34 3.3 (0.25-43)
Abdominal pain 0.38 1.1 (0.9-1.2)
Vomit 0.087 5.3 (0.67-42)
Nasal congestion 0.97 0.96 (0.95-9.8)
Loss of appetite 0.035 8.2 (0.89-75)
Rhinorrhea 0.84 8 (0.8-7.9)

Hemogram results in our study did not show significant
changes across age groups, and no association with symp-
tom severity was identified. This is consistent with findings
from a pediatric hospital in Peru, suggesting that laboratory
tests may be nonspecific in this patient population®. Our
multivariate analysis further supports this, revealing no as-
sociation between inflammatory markers and symptom se-
verity, although these markers aid in classifying moderate
and severe cases and diagnosing multisystem inflammatory
syndrome in children®. However, LDH is an enzyme found
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Furthermore, the number of patients is very limited, and the-
A. Chestxray alleraions re is heterogeneity in their oncological conditions, making it
challenging to extrapolate these results to this population.
Neutrophi's, . H
can T In conclusion, our results could suggest that SARS-CoV-2 in-
D ea—— ¥ L . ; .
" lowones T———oTooomn fection in immunocompromised children has a benign cour-
CRP. —tT ] . .. .
ymenacyes se; therefore, having this infection would not be a reason to
stop anti-tumor therapy in these patients. On the other hand,
g we do not show that the clinical manifestations and inflam-
) o matory parameters are specific to classify the severity and
" Oxygen roquirements complications of the disease in the pediatric population. In
the future, studies focused on precision medicine are requi-
otmemetes red to search for new biomarkers that may be useful in deter-
N . o mining the onset of complications early, and that can better
T g Y e guide therapy in pediatric cancer patients.
CRP
Table 3. Relationship between pediatric patients and symptoms
Moderat
Symptoms Mild oderate or P value
severe
C. 5 o
1CU requirements Dmer Respiratory distress 2 (66.7) 1(33.3) 0.49
/ Fever >38 6 (46.2) 7 (53.8) 0.84
// Cough 8 (66.7) 4(33.3) 0.023
+ Femtn. /
: i%;ﬂn.na_v\\,\j) %/\fww - Headache 0 2 (100) 0.16
——— ~_" Diarrhea 3(66.7) 1(333) 049
Neutrophils
Abdominal pain 3 (75) 1(25) 0.26
Vomit 2 (40) 3 (60) 0.36
Nasal congestion 5(71.4) 2 (28.6) 0.11
Figure 1. Relationship between laboratory parameters and the need for Loss of appetite 2 (50) 2 (50) 0.48
oxygen, admission to the intensive care unit, and alterations in chest X-rays. Rhinorrhea 5 (66.7) 1(333) 049

in various cells, including muscles, liver, and kidneys, and its
release increases in response to cellular damage or inflam-
mation. Elevated LDH levels have been observed in associa-
tion with the severity of COVID-19%. Consequently, tracking
LDH levels over time can prove valuable in evaluating the
progression of COVID-19, especially in children with compro-
mised immune systems.

Despite the immunocompromised state of children under-
going chemotherapy, our study found no association bet-
ween active chemotherapy and symptom severity, corrobo-
rating Schlage et al.'s systematic review'?. Notably, our study
did not record any cases of mortality, and prolonged hospital
stays were primarily related to underlying disease treatment
rather than COVID-19 symptoms. However, literature indi-
cates risk factors for severe events and prolonged clinical
stays in children with cancer, including recent anti-tumor
treatment and pulmonary consolidations at admission?.

Limitations. The results were derived from secondary data
obtained from electronic records. The analysis was specifi-
cally confined to the exclusive examination of the presen-
ce of SARS-CoV-2 in this immunocompromised population
before their admission to receive chemotherapy treatment.
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Table 4. Relationship between pediatric patients and clinical severity and ICU
requirement.

Clinical severity
Variable Asymptomatic | Mild Moderate
%) %) and severe P-Value
(%)
Type of tumor
Malign tumor 8(33.3) 8(33.3) 8(33.3) 0.28
Benign tumor 2(11.8) 8 (47.1) 7 (41.2)
Chemotherapy
Yes 3(21.4) 5(35.7) 6 (46.9) 0.83
No 7 (25.9) 11 (40.7) 9(33.3)
ICU requirement
Variable
Yes (%) No (%) P-value OR (95% CI)
Type of tumor
Malign tumor 2(14.3) 12 (85.7) 0.96 0.98 (0.15-6)
Benign tumor 4 (14.8) 23 (85.2)
Chemotherapy
Yes 3(12.5) 21(87.5) 0.67 (0.12-3.7)
No 3(17.6) 14 (82.4)
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