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Abstract

about Egyptian children infected with COVID-19.

estimated.

tomatic phenotypes requiring intensive care interventions.

Background: The number of children with coronavirus disease 2019 (COVID-19) significantly increased with limited data available

Objectives: The study was performed early in the pandemic to address and record different clinical presentations of COVID-19 in
Egyptian children in Fayoum Governorate and determine the percentage of children with complicated COVID-19 infection. The
present article describes some epidemiological characteristics, along with the clinical patterns, laboratory and radiological find-
ings, and outcomes of pediatric patients with COVID-19 in Fayoum Governorate.

Methods: A total of 200 Egyptian children with COVID-19 in Fayoum Governorate were included in this study. This study was con-
ducted from the beginning of June 2020 to the end of October 2020. In this study, 192 children (96%) had a history of contact with
either suspected or confirmed COVID-19 cases in relatives. The age, gender, clinical symptoms, signs, and laboratory results were

Results: About a tenth of the patients (n =19; 9.5%) were asymptomatic. Fever and diarrhea were the most common symptoms
at presentation, as it was identified in 81 children (40.5%). Lymphopenia was observed in 46.5% of the patients. The majority of
the patients with respiratory symptoms had normal findings in chest X-rays (92.5%). Chest opacity was reported in 11 patients (5.5%).
According to chest computed tomography, bilateral ground-glass opacity was identified in 16 patients (8.0%). Five hospitalized cases
(2.5%) developed severe non-respiratory complications. One death was reported in this study.

Conclusions: The COVID-19 can affect children at any age with variable presentations ranging from asymptomatic to severe symp-

Keywords: Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), COVID-19, Children, Clinical Presentations

1. Background

SARS-CoV-2 is the severe acute respiratory syndrome
coronavirus 2 caused by coronavirus disease 2019 (COVID-
19). Wuhan, China, was the primary place of the infection
in December 2019, and then the disease has spread to the
world, leading to a cluster of pneumonia cases. A global
pandemic in March 2020 was stated by the World Health
Organization (1). Most children have fewer symptoms than
adults and need no treatment apart from supportive care;
however, few of them showed severe complications (2).
The SARS-CoV-2 infection may be associated with cytokine
storm resulting in acute respiratory distress, macrophage
activation syndromes, and immune dysfunction, which is
the major cause of mortality associated with COVID-19 (3).

The United States Food and Drug Administration did
not approve any drug for the treatment of COVID-19, and
no effective safe vaccine is available at the time of data
collection (4). Acute COVID-19 in children cannot be eas-
ily distinguished from other viral infections based on the
symptoms. The differences between pediatric and adult
COVID-19 manifestations are due to the changes in both
angiotensin-converting enzyme 2 (ACE2) receptors and im-
mune functions; the ACE2 receptors are used by the virus
to enter lung cells (5). The variability in the immune re-
sponses with age is responsible for different manifesta-
tions and complications of the disease in different age
groups.

The COVID-19 virus is highly infectious and remains vi-
able on various surfaces from hours to days 6. The main
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routes of transmission of SARS-CoV-2 are the secretions of
the upper respiratory tract, saliva, and aerosol particles, as
in coughing and sneezing (6). Viral particles were detected
for several weeks in stool after diagnosis, which suspects
the fecal-oral transmission of the virus (7).

Children may play a role in viral transmission as they
are more common to have upper respiratory tract infec-
tions (8). Although few cases of COVID-19 have been diag-
nosed in children, the majority of those cases have been
mild. Most children infected with COVID-19 have either
asymptomatic infection or mild illness. Severe illness was
reported in 2.5% of pediatric cases (9). The incubation pe-
riod of COVID-19 is around 7 days (10), and longer incuba-
tion periods were also reported (11, 12). The most common
manifestations of the disease among children were fever,
cough, pharyngeal erythema, diarrhea, vomiting, and fa-
tigue (13,14).

2. Methods

This study was conducted as a cross-sectional study.
The Research Ethics Committee of Fayoum Medical Univer-
sity, Egypt, approved the study protocol (protocol no.: R
181).

2.1. Inclusion Criteria

Children aged from 1 day to 18 years with close con-
tact with polymerase chain reaction (PCR) confirmed adult
cases or PCR positive cases for COVID-19 were the inclusion
criteria. Moreover, the subjects were completely healthy
children before COVID-19 infection.

2.2. Exclusion Criteria

Children with no history of close contact with con-
firmed cases, PCR negative cases for COVID-19, and those
with other comorbidities (e.g., diabetic, uremic, and im-
munocompromised children) were the exclusion criteria.

During the period from the first of June 2020 to the end
of October 2020, 200 children from Fayoum, attending
Fayoum University Children Hospital, reported as having
COVID-19 as they had close contact with confirmed adult
cases, whether symptomatic or not, were included in this
study. Real-time reverse transcriptase-polymerase chain
reaction (RT-PCR) was performed on the respiratory sam-
ples of the children to confirm SARS-CoV-2 infection. All the
children in the study were hospitalized in the quarantine
section of the University Hospital (i.e., the protocol early
in the pandemic to prevent the spread of SARS-CoV-2 infec-
tion).

The patients’ complaints were written and carefully
and generally examined for fever, jaundice, pallor, pha-
ryngeal erythema, signs of dehydration, organomegaly,

and lymphadenopathy. The chest and heart were care-
fully examined by inspection and auscultation. The hos-
pitalized patients were investigated and followed up until
the time of discharge to record complicated cases and de-
tect the outcomes of all cases in the study. Several inves-
tigations were performed on the patients, including com-
plete blood count (CBC) to show changes in the total leu-
cocyte count and differential count, hemoglobin content,
platelet count, level of C-reactive protein (CRP), liver en-
zymes (i.e., aspartate transaminase and alanine transam-
inase) to exclude liver affection, and urea and creatinine to
exclude renal affection. D-dimer and serum ferritin were
also measured for all patients. Chest X-ray and computed
tomography (CT) were also performed on all children with
chest symptoms (as a routine at the beginning of the pan-
demic in Egypt for all cases with chest symptoms). Some
cases need further investigation and imaging according to
their presentations as bone marrow biopsy in cases pre-
sented by pancytopenia and echocardiography for cases
presented by picture simulating Kawasaki disease (KD).

The collected data were tabulated and statistically an-
alyzed using SPSS software (statistical computer package;
version 22; SPSS Inc., USA). For quantitative data, the me-
dian and interquartile range (IQR) were estimated. For
qualitative data, the distribution number and percentage
were calculated.

3. Results

The median age of the study patients was 108 months,
ranging from 13 days to 18 years. The IQR range was 48
- 144 months. More than half of the patients were male
(male: female ratio reported as 1.11:1). The majority of the
children had a history of contact with either suspected or
confirmed COVID-19 cases in relatives. The most common
source of infection was parents, as it was considered the
index case in 154 children (77.0%). In the remaining eight
patients (4.0%), the source of infection cannot be traced
within the family members (Table 1).

About a tenth of the patients were asymptomatic.
Fever and diarrhea were the most common symptoms
at presentation, as identified, followed by fatigue and
malaise, abdominal pain, cough, and arthralgia. It was no-
ticed that less frequently observed symptoms were convul-
sions, weakness, and respiratory distress, as shown in Table
2.

Table 3 shows the laboratory findings on admission
and during the follow-up. Lymphopenia was observed in
about half of the patients; however, neutropenia was iden-
tified in only 1% of the subjects. The CRP level was above the
normal range in the majority of the cases.
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Table 1. Demographic and Epidemiological Characteristics of Patients®

Table 3. Laboratory Parameters of Patients®

Values

Age,y

1B-18 108 (48-144)
Gender

Female 95 (47.5)

Male 105 (52.5)
Source of infection

Parents 154 (77)

Other relatives 38(19)

Cannot be traced within relatives 8(4)

*Values are expressed as median (interquartile range) or No. (%).

Table 2. Presenting Symptoms and Clinical Examination in Descending Manner

Presenting Symptoms and Signs No. (%)
Asymptomatic 19(9.5)
Symptomatic 181(90.5)
Fever and diarrhea 81(40.5)
Fatigue and malaise 47(23.5)
Abdominal pain 23(11.5)
Cough 18(9)
Bone and muscle pain 3(15)
Convulsions 2(1)
Respiratory distress 2(1)
Weakness 2(1)
Subcutaneous petechiae 2(1)
Severe pallor and abdominal distention 1(0.5)
No identified signs (including asymptomatic patients) 100 (50)
Pharyngitis 47(23.5)
Abdominal tenderness 23 (11.5)
Wheezy chest 18(9.0)
Pneumonia 4(2)
Dehydration 3(1.5)
Signs of Kawasaki vasculitis 2(1)
Pancytopenia and hepatosplenomegaly 1(0.5)
Hypotonic and paralysis 1(0.5)
Signs of acute renal failure 1(0.5)

The majority of the patients had normal findings in the
chest X-ray. Chest opacity was reported in 11 patients. Ac-
cording to the chest CT, the majority of the patients had
normal findings; however, bilateral ground-glass opacities
(GGOs) were identified in 16 patients, as shown in Table 4.

Arch Pediatr Infect Dis. 2022;10(2):e112798.

Variables Values
Hemoglobin, gm/dL
6-14 11(10-11)

Platelet, X 1000/L
36-294
White blood cell, X 1000/L
23-20
Lymphocyte, %
4.8-60
Normal cases
Cases with lymphopenia
Cases with lymphocytosis
Neutrophil
Cases with neutropenia
Normal cases
Cases with neutrophilia
Creactive protein, mg/L
3-276
High (> 6)
Normal (< 6)
Blood urea, mg|/L
20-180
Serum creatinine, mg|L
03-7
Cases with normal urea and creatinine
Cases with elevated urea and creatinine
Alanine transaminase
22-105
Alanine transaminase, IU/mL
25-100

Cases with normal aspartate transaminase and
alanine transaminase levels

Cases with elevated aspartate transaminase alanine
transaminase levels

Ferritin, ng/mL
33-1100
D-dimer, mcg/mL
0.1-6.5
Cases with normal D-dimer

Cases with elevated serum ferritin level

200 (170 - 220)

5(4-6)

19 (16 -33)
106 (53)
93(46.5)

1(0.5)

2(1.0)
94 (47.0)
104 (52)

30(16-53)
189 (94.5)
1(5.5)

25(22-25)
0.5(0.5-0.6)
196 (98)
4(2)

30(29.5-33)

33(31-37)
198 (99)

2(1)

77(60-100)

0.2(0.1-0.2)

200 (100)
5(2.5)

*Values are expressed as median (interquartile range) or No. (%).

Among the hospitalized patients, five hospitalized
cases developed severe non-respiratory complications (in-
cluding two cases of KD, one case of pancytopenia, one
case of flaccid paralysis, and one case of acute renal fail-
ure [ARF]). One death was reported in this study (the case
of pancytopenia; mortality rate: 0.5%). On the other hand,
the remaining hospitalized cases were improved and dis-

charged after 14 days of admission.
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Table 4. Radiological Findings of Patients

No. (%)

Chest X-ray

Normal findings 185(92.5)

Mild opacity 1(5.5)

Increased bronchovascular markings 4(2)
Chest computed tomography

Normal findings 182 (91)

Bilateral ground-glass opacities 16 (8)

Increased bronchovascular markings 2(1)

4. Discussion

The COVID-19 infects children of any age group. The
current study aimed to detect the variable clinical presen-
tations, complications, and outcomes of COVID-19 among
children early at the start of the pandemic in Fayoum Gov-
ernorate. The virusis very infectious that was proved by the
infection of all members of the family. The majority of chil-
dren showed mild symptoms, such as fever, malaise, myal-
gia, dry cough, or gut symptoms (e.g., diarrhea and abdom-
inal pain), which improved after 5 - 7 days. However, some
children showed prolonged high fever for more than 7days
with no focus.

The respiratory symptoms ranged from mild cough to
typical COVID-19 pneumonia. The current study reported
four cases with pneumonia, the youngest of whom was a
neonate aged 13 days with a history of contact with COVID-
19 positive parents and showed the typical COVID-19 pneu-
monia with bilateral GGOs in the chest CT. This study also
reported a 9-year old female complaining of high fever and
cough with a history of contact with a positive COVID-19
mother. Her chest X-ray showed exaggerated bronchovas-
cular markings. A chest CT showed typical bilateral GGOs.
Patients with typical COVID-19 pneumonia improved 15
days after admission (15).

The laboratory investigations of the patients in the
current study showed the CBC of most patients with nor-
mal hemoglobin levels (11 - 13 gm/dL) in few patients and
mild anemia (hemoglobin level: 9 gm/dL) in most patients.
White blood cell (WBC) counts showed the normal number
of leukocytes (WBC: 4 - 11 X 10%) in most patients; however,
the results showed mild leucopenia in few cases (WBC:3 X
10*), normal neutrophil count in 4% of the cases, and neu-
trophilia in 52% of the cases.

Neutrophilia is associated with the cytokine storm and
hyperinflammation pathognomonic to severe COVID-19
and severe acute respiratory syndrome (16). The previous
finding is in agreement with the findings of a study per-

formed by Huang et al. (17), who observed a significant cor-
relation between elevated leukocyte count and decreased
lymphocyte count among patients with severe COVID-19,
compared to those reported for mild cases.

The current study data showed that half of the chil-
dren (53%) had normal lymphocyte count, and 46.5% of the
children showed lymphopenia. Lymphopenia (lympho-
cyte less than 20% of the total WBC) is a common finding
in patients with COVID-19 infection and may be due to the
defective immune response to the virus (18). The previous
finding is not in agreement with the findings of a study
conducted by Bari et al. (19), who concluded that the blood
picture of COVID-19 in children does not show leukopenia
and lymphopenia except in cases complicated with multi-
system inflammatory syndrome in children (MIS-C).

Blood lymphocyte percentage is the most significant
parameter suspecting the disease progressions (20). Nor-
mal platelet count was noticed in all cases in the study ex-
cept those with complications. The liver synthesizes CRP,
an acute-phase reactant, and increased inflammatory con-
ditions. CRP increased in 94.5% of patients with COVID-19
infection. The CRP and absolute lymphocyte count were
used to assess the disease progression in patients with
COVID-19 infection (21). The aforementioned results are in
agreement with the results of a study carried out by Yun
et al. (22), whose study revealed that patients with COVID-
19 showed decreased lymphocyte counts and proportions,
decreased eosinophil counts and proportions, and an in-
crease in CRP.

D-dimer as a fibrin degradation product used to mea-
sure clot formation was normal in all patients in the
present study. In the COVID-19 pandemic, elevated D-dimer
levels have been associated with disease severity and mor-
tality trends. Serum ferritin was normal in uncomplicated
patients with COVID-19 infection.

A small portion of the patients in the current study
developed severe non-respiratory complications. Among
the unpredicted presentations of the virus, two female
cases reported in this study, with 4 and 10 years of age,
were presented with high fever for more than 7 days, rash,
tachycardia, severe conjunctivitis, and generalized lym-
phadenopathy. The CRP and serum ferritin levels of the
two patients were very high. The CBC showed marked
leukocytosis and lymphopenia. Liver enzymes were ele-
vated in this study. In addition, cardiac enzymes were nor-
mal. Echocardiography was performed to exclude coro-
nary aneurysms showing decreased ejection fraction in
both females. Abdominal ultrasound showed multiple en-
larged mesenteric lymph nodes in one of the cases and cer-
vical lymphadenopathy in the other. Chest CT was normal
for the two patients. The previous clinical picture in COVID-
19 patients was similar to KD, which is a systemic vasculitis

Arch Pediatr Infect Dis. 2022;10(2):e112798.
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affecting children under 5 years of age.

The KD is considered the first cause of acquired heart
disease in children (22). The KD diagnosis depends on the
clinical features. The administration of intravenous im-
munoglobulins is the main line of treatment. The previous
clinical picture of COVID associated KD should be distin-
guished from MIS-C or pediatric inflammatory, multisys-
tem syndrome (23). The previous finding is in accordance
with the findings of a study performed by Rubens et al.
(24), who reported that patients with MIS-C might present
with some features consistent with KD (e.g., fever and mu-
cocutaneous changes); however, MIS-C is a different clini-
cal entity.

There are several points for differences, with the higher
incidence of MIS-C patients presenting in older age than
KD with increased gastrointestinal and neurological signs,
higher incidence of myocarditis and cardiac involvement,
increased ferritin, marked leukopenia, lymphopenia, and
thrombocytopenia in patient with MIS-C (25). Italy was the
first European region with a very high number of SARS-
CoV2 epidemics after China (26); therefore, Italy showed a
high number of severely ill patients with a clinical picture
similar to Kawasaki shock syndrome (27). The typical man-
ifestations of this syndrome are persistent high fever, ab-
dominal pain, diarrhea, skin rash (i.e., mucocutaneous in-
volvement), arthralgia, cough, conjunctivitis, periorbital
edema, strawberry tongue, and rapidly deteriorating clin-
ical conditions with the signs of dehydration (28).

Furthermore, COVID-19 can affect nervous system. The
current study reported a 14-year-old male case, complain-
ing of inability to walk or stand and then dripping of
saliva (i.e., bulbar symptoms). These manifestations oc-
curred suddenly 6 days after contact with COVID-19 pos-
itive grandfather, grandmother, and aunt. Furthermore,
his CBC showed marked lymphopenia with very high CRP,
chest CT showed small GGO, and PCR for COVID-19 was pos-
itive. The child was mechanically ventilated. He improved
after three sessions of plasmapheresis and started wean-
ing from a ventilator. The ascending symmetrical flaccid
paralysis, with hyporeflexia with or without cranial nerve
involvement, is known as Guillain-Barré syndrome (GBS).
The GBS was preceded by respiratory or intestinal infec-
tions or vaccinations. The GBS is an immune-mediated dis-
order. Itis believed that COVID-19 enhances the production
of antibodies against the specific gangliosides of the pe-
ripheral nervous system (29).

The previous finding is in agreement with the findings
of a study conducted by Curtis et al. (30), reporting an
8-year-old male patient with ascending progressive weak-
ness and areflexia. The magnetic resonance imaging of the
spine revealed the abnormal enhancement of posterior
nerve roots consistent with GBS. The results of SARS-CoV-

Arch Pediatr Infect Dis. 2022;10(2):e112798.

2 nucleic acid amplification and SARS-CoV-2 immunoglob-
ulin G antibody tests were positive (30). There are many
cases with GBS associated with COVID-19 infection world-
wide (31). The neurological symptoms presented 7-10 days
after the initial respiratory infection. COVID-19 was diag-
nosed by RT-PCR.

One of the uncommon presentations of COVID-19 was
ARFin one child aged 5 years in the present study. The child
was completely normal before infection with COVID-19. He
presented to the University Hospital with diarrhea, hema-
turia, and pallor. The CBC showed marked anemia and
thrombocytopenia. Moreover, urea and creatinine were
highly elevated with very high CRP. He was admitted to
the Emergency Room for a rapid correction of electrolytes
and acid-base imbalance. The previous finding is in agree-
ment with the findings of a study performed by Abdal-
bary and Sheashaa (32), who reported kidney infection in
many cases with COVID-19 and acute kidney injury associ-
ated with higher rates of mortality. The ACE2 is highly ex-
pressed in renal tubules leading to tubular damage caused
by SARS-CoV-2 (32). Moreover, the virus can induce bone
marrow depression and pancytopenia.

The current study reported one male child aged
3 months, presented with severe pallor and hep-
atosplenomegaly immediately after the COVID-19 infec-
tion. His CBC showed red blood cell count (1 million/mm?),
hemoglobin (6.7 gm/dL), WBC count (2.3 thousand), and
platelet count (39 thousand). The child was referred to
Cancer Hospital for children in Cairo 37357 for bone mar-
row biopsy; however, the case died rapidly. This finding
is consistent with the findings of a study carried out by
Tiwari et al. (33), who reported a case of pancytopenia
induced by COVID-19.

One of the limitations of this study is its small sample
size, as the study was performed early in the pandemic.

4.1. Conclusions

The COVID-19 virus as a highly infectious one, which
affects children at any age with variable presentations
ranging from asymptomatic to severe symptomatic phe-
notypes, needs intensive care interventions. The majority
of children can pass without infection; however, a limited
number of children showed severe complications raising
the morbidity and mortality rates of the disease. Five cases
were reported by such presentations.
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