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Abstract

Background: COVID-19 is usually milder in children and adolescents, leading to 
lower hospital admission rates than adults. This study evaluated clinical 
manifestations in children (< 10 years) and adolescents (10 to < 18 years) with 
COVID-19 admitted to a tertiary municipal hospital in Rio de Janeiro (Brazil) 
during the first (February to November 2020) and second pandemic waves 
(November 2020 to April 2021). Methods: this retrospective observational 
study considered patients in the pediatric age group (<18 years old) with 
confirmed diagnosis of COVID-19 using RT-PCR. Descriptive and bivariate 
analysis were performed assuming a p-value<0.05 level of significance for all 
analyses. Results: among the 34 included patients (50% boys; 73.5% children), 
the most prevalent symptom was fever (88.2%), followed by asthenia (85.3%), 
and cough associated with dyspnea (50%); 29.4% were admitted to the ICU, 
and 5.9% needed invasive mechanical ventilation. All patients were treated 
with antibiotics, 88.2% with antivirals, and 52.9% with corticosteroids. Asthenia 
was more frequent among children than adolescents (96.0% vs. 55.6%; p < 
0.01). Tuberculosis was observed in none of the children, but 33.3% of the 
adolescents (p-value = 0.003). The percentage of hospitalized patients with 
family members infected with SARS-CoV-2 was smaller among children than 
adolescents (8.0% vs. 44.0%; p-value = 0.01). Other variables that differed 
between children and adolescents were C-reactive protein, creatinine, and 
need for non-invasive mechanical ventilation. There were no deaths among 
participants. Conclusion: in our hospital, COVID-19 was most often not severe 
in children and adolescents. Overall, children were hospitalized more 
frequently by COVID-19 than adolescents, with some differences for clinical 
characteristics.
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Introduction

 The infection caused by the new SARS-CoV-2, the 
etiological agent of COVID-19 (Coronavirus Disease 2019), can 
affect people at any age(1). COVID-19 may present 
asymptomatic or with milder clinical manifestations in children 
and adolescents in comparison to adults(2). Typical 
symptoms of respiratory syndromes, such as fever, dry cough, 
fatigue, congestion, and runny nose may also present in 
children and adolescents. Moreover , gastrointestinal 
symptoms, such as abdominal discomfort, nausea, vomiting, 
abdominal pain, and diarrhea have also been reported in 
pediatric populations with COVID-19(3, 4).

 Although less frequently, children and adolescents 
may present with severe manifestations of COVID-19, 
including dyspnea, central cyanosis, and percutaneous 

oxygen saturation (SaO2) below 92%. At more critical stages, 
patients may experience respiratory failure, septic shock, 
refractory metabolic acidosis, and signs of multiple organ 
failure (such as encephalopathy, heart failure, coagulation 
disorders, and kidney failure). In these cases, clinical 
management may include hospitalization and require invasive 
procedures, such as orotracheal intubation (OTI), and 
consequent admission to an intensive care unit (ICU)(5-7). In 
Brazil, data from SIVEP-Gripe (a nationwide notification data 
system) showed 14,638 cases of pediatric COVID-19 cases in 
2020, with 1,203 deaths, an 8.2% lethality rate(8). Another 
Brazilian study examining COVID-19 cases in pediatric 
population from 2020 to 2021 identified 144,041 patients, of 
whom 18.2% had confirmed cases. Within this group, 21.3% 
were admitted to an ICU, and the mortality rate was 3.1%. 
Adolescents exhibited a higher mortality rate at 5.7%(9).
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 Examining COVID-19 characteristics in the pediatric 
population is crucial. It helps in recognizing new cases and 
informs the development of targeted public health 
interventions to control the spread of the disease. Moreover, 
a comprehensive examination of pediatric cases enables the 
identification of unique symptoms, facilitating prompt and 
accurate diagnosis and treatment. This focus allows 
researchers and healthcare professionals to contribute to a 
more tailored and effective response to the pandemic, 
enhancing the overall health and well-being of the 
community(8, 10). Therefore, the present study examined the 
main clinical manifestations and outcomes of children and 
adolescents hospitalized with COVID-19 in a tertiary municipal 
hospital in Rio de Janeiro (Brazil) during the first (February to 
November, 2020) and second pandemic (November 2020 to 
April 2021) waves.

Methods

Study design

 This retrospective observational study drew on 
medical records of pediatric patients (< 18 years old) with a 
confirmed diagnosis of COVID-19, treated at a tertiary 
municipal hospital in Rio de Janeiro, Brazil, a referral center for 
the treatment of suspected and confirmed cases of COVID-19 
in children. This is one of the largest pediatric reference center 
in the public health system in the state of Rio de Janeiro. On 
average,  the hospital  conducts 6,000 outpatient 
consultations from several medical specialties, 300 hospital 
admissions, and 190 surgeries per month.

Population

 The study included patients < 18 years old 
hospitalized due to COVID-19, with confirmed diagnosis by 
nasopharyngeal or oropharyngeal RT-PCR swab test for SARS-
CoV-2, in a tertiary municipal hospital in the city of Rio de 
Janeiro, Brazil (Hospital Municipal Jesus). Patients were 
admitted either directly or transferred from other hospital 
units. A convenience sample from the total COVID-19 
admissions to the hospital during the study period (March 
2020 to March 2021) was considered. No exclusion criteria 
were applied. The decision for hospitalization was made 
through clinical judgment, considering the clinical aspects 
presented by patients during their medical evaluation. 

Measurements

 Sociodemographic, clinical, laboratory and imaging 
information were obtained from medical records during 
hospital admission. Information was also obtained on clinical 
outcomes, such as the need for non-invasive ventilation (NIV), 
OTI, length of hospital stay, and death.

Sociodemographic information

 Sociodemographic information included age, sex, 
and skin color/race. Patients < 10 years old were considered 
children and those between 10 and 18 years old were 

considered adolescents, on criteria set by the World Health 
Organization  .

Clinical parameters

 Information on hospitalization unit (ward, IU, or 
ICU), time of symptom onset prior to admission, main 
symptoms (fever, cough, dyspnea, abdominal pain, diarrhea, 
vomiting, myalgia, asthenia, anosmia, ageusia, and other 
symptoms), presence of comorbidities or associated 
infections, and COVID-19-positive family member were 
obtained on hospital admission. 

Laboratory exams

 Laboratory exams performed on hospital admission 
included complete blood count, C-reactive protein (CRP), 
glycemia, urea, creatinine, glutamic oxaloacetic transaminase 
(GOT), glutamate pyruvate transaminase (GPT), D-dimer, and 
arterial blood gases.

Imaging exams

 Imaging exams performed on hospital admission 
were X-ray, ultrasound (USG) and/or tomography (CT) of the 
chest, and others (abdominal exams, for example) requested 
at the physician's discretion based on the clinical findings and 
symptoms presented.

Ethical aspects

 This research project was submitted to, and 
approved by, the Research Ethics Committees of the Evandro 
Chagas National Institute of Infectious Disease - INI/FIOCRUZ 
(number 4.622.601) and the Rio de Janeiro Municipal Health 
Department - SMS/RJ (number 4.665.345). 

 Given the study retrospective design and use of 
information collected from medical records, a waiver was 
granted on application of an informed consent form. 
Participant confidentiality was maintained when accessing 
data from patient medical records, and an anonymous 
electronic dataset was built up using REDCap software.

Data analysis

 Descr ipt ive  analys is  was  performed us ing 
frequencies and percentages for categorical variables, and 
median and interquartile range (25%-75%) for continuous 
variables. Variables were compared, by age group (children vs. 
adolescents), using the Mann-Whitney test for independent 
samples for continuous variables and Fisher's test for 
categorical variables. Data were analyzed using Stata 13.0 
statistical software (CollegeStation, TX: StataCorp LP) to a p-
value < 0.05 level of significance for all analyses.

Results

 Table 1 shows the main characteristics of the 34 
patients included in this study. Median age was 2.5 years and 
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Median (25%-75% IQR)  

or 

% (n) 

Sociodemographic characteristics  

Men  17 (50.0) 

Race (n=14) 

White  6 (42.9) 

Black  1 (7.1) 

Mixed  7 (50.0) 

Age (years)  2.5 (0.5 – 10) 

Clinical characteristics  

Hospitalization unit 

Ward  24 (70.6) 

Intermediate unit  2 (5.9) 

Intensive care unit  8 (23.5) 

Time of symptom onset prior to admission (days)  4 (3-6) 

Length of hospital stay (days)  7.5 (5-12) 

Main symptoms 

Fever  30 (88.2) 

Respiratory symptoms 

Cough  10 (29.4) 

Dyspnea  4 (11.8) 

Cough and dyspnea  17 (50.0) 

Gastrointestinal symptoms 

Abdominal pain  1 (2.9) 

Diarrhea  3 (8.8) 

Vomiting  1 (2.9) 

Diarrhea and vomiting  1 (2.9) 

Abdominal pain, diarrhea and vomiting  1 (2.9) 

Other symptoms 

Myalgia  4 (11.8) 

Asthenia  29 (85.3) 

Anosmia  0 (0.0) 

Ageusia  0 (0.0) 

Other  4 (11.8) 

COVID-19-positive family member  6 (17.7) 

Associated infection 

Pneumonia  13 (38.2) 

Tuberculosis  3 (8.8) 

Gastroenteritis  4 (11.8) 

Previous comorbidities  11 (32.4) 

HIV  1 (2.9) 

Diabetes Mellitus  3 (8.8) 

Obesity  1 (2.9) 

Congenital adrenal hyperplasia  1 (2.9) 

Asthma  2 (5.9) 

Down syndrome  1 (2.9) 

West syndrome  1 (2.9) 

Dilated cardiomiopathy  1 (2.9) 

Pediatric Multisystem Inflammatory Syndrome (P-MIS)  1 (2.9) 

Variable 

Table 1
Characteristics of participants included in the study (n=34)
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73.5% (n = 25) were children. Half of the patients included were 
boys. Information on skin color/race was missing from the 
medical records of almost 60% of the sample, although mixed 
race was predominant (50%) among those with complete 
information. In 71% of cases, the initial hospitalization 
admission unit was a ward bed. The median time of symptom 
onset prior to admission was 4 days, and median length of 
hospital stay was 7.5 days. The main symptoms presented 
were fever (88.2%), asthenia (85.3%), cough (29.4%), and 
dyspnea (11.8%), with cough and dyspnea occurring 
concomitantly in 50% of patients. Other symptoms, such as 
headache (2.9%), odynophagia (5.9%), and oliguria and mental 
confusion (2.9%), were also reported. Of total patients, 17.7% 
had a COVID-19-positive family member. Co-infections 
associated with COVID-19 were bacterial pneumonia (38.2%), 
gastroenteritis (11.8%), and tuberculosis (8.8%). About one-
third of the patients (32.4%) had comorbidities, of which 
diabetes mellitus was the most prevalent (8.8%). Only one 
case (2.9%) of pediatric multisystem inflammatory syndrome 
(P-MIS) was observed.

 Complementary exams that showed alterations 
were chest X-ray (38.2%), chest USG (23.5%), and chest CT 
(14.7%). All patients were treated with antibiotics, mostly 
antimicrobial monotherapy (47.1%). Two antibiotics were 
administered in association in 32.4% of cases and three or 
more antibiotics were used in 20.5%. The antibiotic most used 
was amoxicil l in with clavulanate (79.4%). Antivirals 
(oseltamivir) were used in most cases (88.2%). Corticosteroids 

were used in 52.9% of patients, the most used being 
prednisolone (38.2%). Anticoagulants were used in only 2.9% 
of cases.

 Admission to IU or ICU were necessary in 5.9% and 
29.4% of the cases, respectively. Use of NIV was frequent 
(70.6% of cases). On the other hand, OTI was necessary in only 
5.9% of  cases.  Other  procedures required dur ing 
hospitalization included chest drainage (5.9%) and central 
venous access (5.9%). No deaths were observed in the study 
sample.

 Table 2 shows the sample characteristics stratified by 
age group (73.5% children vs. 26.5% adolescents). Median age 
was 2 years for children and 12 years for adolescents (p-value < 
0.001). The groups were observed to differ in asthenia 
symptoms, reported in 96% of children and 55% of adolescents 
(p-value 0.003). The percentage of children and adolescents 
with a COVID-19-positive family member was 8% and 44%, 
respectively (p-value 0.003). Tuberculosis was observed in 
33.3% of the adolescents (p-value = 0.003), but none of the 
children. In the laboratory tests, median CRP values were 13.2 
and 41 mg/dL for children (n = 21) and adolescents (n = 9), 
respectively (p-value 0.02). Median creatinine values were 0.4 
and 0.6 mg/dL in children (n = 23) and adolescents (n = 8), 
respectively (p-value 0.002). NIV was needed more among 
the children (80%) than the adolescents (44.4%) (p-value 
0.04).

Complementary exams (imaging and laboratory)  

Abnormal chest X-ray  13 (38.2) 

Abnormal chest ultrasound  8 (23.5) 

Abnormal chest tomography  5 (14.7) 

Hemoglobin (g/dL)  11.6 (10.3-12.5) 

Hematocrit (%)  34.3 (30-36.3) 

Leucocytes (µL)  9800 (7100-15900) 

Plaquettes (µL)  34900 (28900-50700) 

C-reactive protein (mg/dL) (n=30)  17.3 (6.2-41) 

Glycemia (mg/dL) (n=22)  123 (99-147) 

Urea (mg/dL) (n=31)  24 (15-28) 

Creatinine (mg/dL) (n=31)  0.4 (0.3-0.5) 

TGO (U/L) (n=30)  25.5 (21-39) 

TGP (U/L) (n=30)  15 (11-24) 

D-dimer (ng/mL) (n=7)  1.6 (1.0-8.5) 

Arterial blood gases 

pH  7.39 (7.32-7.42) 

PO2 (mmHg)  80.6 (62.9-190.4) 

HCO3 (mEq/L)  19.4 (17.9-25.4) 

PCO2 (mmHg)  31.4 (28.2-42) 

Treatment  

Antibiotics  34 (100.0) 

Number of schemes  2 (1-2) 

1 antibiotic   16 (47.1) 

2 antibiotics   11 (32.4) 

3 or more antibiotics   7 (20.5) 

Amoxicillin + Clavulanate  27 (79.4) 

Azithromycin  5 (14.7) 

Cefepime  9 (26.5) 

Vancomycin  4 (11.8) 

Clarithromycin  9 (26.5) 

Metronidazole  1 (2.9) 

Ampicillin  2 (5.9) 

Ciprofloxacin  1 (2.9) 

Ceftriaxone  3 (8.8) 

Oxacillin  2 (5.9) 

Antiviral (oseltamivir)  30 (88.2) 

Corticoid  18 (52.9) 

Prednisolone  13 (38.2) 

Dexamethasone  3 (8.8) 

Hydrocortisone  3 (8.8) 

Anticoagulation (Clexane)  1 (2.9) 

Intermediate unit   2 (5.9) 

Intensive care unit  10 (29.4) 

Non-invasive mechanic ventilation  24 (70.6) 

Invasive mechanic ventilation  2 (5.9) 

Other procedures 

Chest drainage  2 (5.9) 

Central venous access  2 (5.9) 

Death  0 (0.0) 
IQR: interquartile range

Table 2
Comparison of characteristics of study participants according to age (children vs. adolescents)

Children 

(73.5%; n=25) 

Sociodemographic characteristics  

Men  12 (48.0)  5 (55.6)  0.70 

Race (n=14) 

White  6 (42.9)  NA 

Black  1 (7.1)  NA 

Mixed  7 (50.0)  NA 

Age (years)  2.0 (0.5-3.0)  12.0 (11.0-13.0)  <0.001 

Clinical characteristics  

Hospitalization unit 

Ward  19 (76.0)  5 (55.6) 

Intermediate unit  2 (8.0)  0 (0.0) 

Intensive care unit  4 (16.0)  4 (44.4) 

Time of symptom onset prior to admission (days)  4.0 (3.0-6.0)  5.0 (3.0-6.0)  0.69 

Length of hospital stay (days)  7.0 (5.0-12.0)  8.0 (5.0-10.0)  0.71 

Main symptoms 

Fever  23 (92.0)  7 (77.8)  0.26 

Respiratory symptoms 

Cough  7 (28.0)  3 (33.3) 

Dyspnea  2 (8.0)  2 (22.2) 

Cough and dyspnea  15 (60.0)  2 (22.2) 

0.18 

0.13 

Adolescents (26.5%; n=9) 

--- 

Variable 

Median (25%-75% IQR)  

or 

% (n) 

p-value 
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administered in association in 32.4% of cases and three or 
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was amoxicil l in with clavulanate (79.4%). Antivirals 
(oseltamivir) were used in most cases (88.2%). Corticosteroids 

were used in 52.9% of patients, the most used being 
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 Table 2 shows the sample characteristics stratified by 
age group (73.5% children vs. 26.5% adolescents). Median age 
was 2 years for children and 12 years for adolescents (p-value < 
0.001). The groups were observed to differ in asthenia 
symptoms, reported in 96% of children and 55% of adolescents 
(p-value 0.003). The percentage of children and adolescents 
with a COVID-19-positive family member was 8% and 44%, 
respectively (p-value 0.003). Tuberculosis was observed in 
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children. In the laboratory tests, median CRP values were 13.2 
and 41 mg/dL for children (n = 21) and adolescents (n = 9), 
respectively (p-value 0.02). Median creatinine values were 0.4 
and 0.6 mg/dL in children (n = 23) and adolescents (n = 8), 
respectively (p-value 0.002). NIV was needed more among 
the children (80%) than the adolescents (44.4%) (p-value 
0.04).

Complementary exams (imaging and laboratory)  

Abnormal chest X-ray  13 (38.2) 

Abnormal chest ultrasound  8 (23.5) 

Abnormal chest tomography  5 (14.7) 

Hemoglobin (g/dL)  11.6 (10.3-12.5) 

Hematocrit (%)  34.3 (30-36.3) 

Leucocytes (µL)  9800 (7100-15900) 

Plaquettes (µL)  34900 (28900-50700) 

C-reactive protein (mg/dL) (n=30)  17.3 (6.2-41) 

Glycemia (mg/dL) (n=22)  123 (99-147) 

Urea (mg/dL) (n=31)  24 (15-28) 

Creatinine (mg/dL) (n=31)  0.4 (0.3-0.5) 

TGO (U/L) (n=30)  25.5 (21-39) 

TGP (U/L) (n=30)  15 (11-24) 

D-dimer (ng/mL) (n=7)  1.6 (1.0-8.5) 

Arterial blood gases 

pH  7.39 (7.32-7.42) 

PO2 (mmHg)  80.6 (62.9-190.4) 

HCO3 (mEq/L)  19.4 (17.9-25.4) 

PCO2 (mmHg)  31.4 (28.2-42) 

Treatment  

Antibiotics  34 (100.0) 

Number of schemes  2 (1-2) 

1 antibiotic   16 (47.1) 

2 antibiotics   11 (32.4) 

3 or more antibiotics   7 (20.5) 

Amoxicillin + Clavulanate  27 (79.4) 

Azithromycin  5 (14.7) 

Cefepime  9 (26.5) 

Vancomycin  4 (11.8) 

Clarithromycin  9 (26.5) 

Metronidazole  1 (2.9) 

Ampicillin  2 (5.9) 

Ciprofloxacin  1 (2.9) 

Ceftriaxone  3 (8.8) 

Oxacillin  2 (5.9) 

Antiviral (oseltamivir)  30 (88.2) 

Corticoid  18 (52.9) 

Prednisolone  13 (38.2) 

Dexamethasone  3 (8.8) 

Hydrocortisone  3 (8.8) 

Anticoagulation (Clexane)  1 (2.9) 

Intermediate unit   2 (5.9) 

Intensive care unit  10 (29.4) 

Non-invasive mechanic ventilation  24 (70.6) 

Invasive mechanic ventilation  2 (5.9) 

Other procedures 

Chest drainage  2 (5.9) 

Central venous access  2 (5.9) 

Death  0 (0.0) 
IQR: interquartile range

Table 2
Comparison of characteristics of study participants according to age (children vs. adolescents)

Children 

(73.5%; n=25) 

Sociodemographic characteristics  

Men  12 (48.0)  5 (55.6)  0.70 

Race (n=14) 

White  6 (42.9)  NA 

Black  1 (7.1)  NA 

Mixed  7 (50.0)  NA 

Age (years)  2.0 (0.5-3.0)  12.0 (11.0-13.0)  <0.001 

Clinical characteristics  

Hospitalization unit 

Ward  19 (76.0)  5 (55.6) 

Intermediate unit  2 (8.0)  0 (0.0) 

Intensive care unit  4 (16.0)  4 (44.4) 

Time of symptom onset prior to admission (days)  4.0 (3.0-6.0)  5.0 (3.0-6.0)  0.69 

Length of hospital stay (days)  7.0 (5.0-12.0)  8.0 (5.0-10.0)  0.71 

Main symptoms 

Fever  23 (92.0)  7 (77.8)  0.26 

Respiratory symptoms 

Cough  7 (28.0)  3 (33.3) 

Dyspnea  2 (8.0)  2 (22.2) 

Cough and dyspnea  15 (60.0)  2 (22.2) 

0.18 

0.13 

Adolescents (26.5%; n=9) 

--- 

Variable 

Median (25%-75% IQR)  

or 

% (n) 

p-value 
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Discussion

 This study offers important information on the 
characteristics of children and adolescents hospitalized with 
COVID-19 during the first and second pandemic waves, which 
may usefully serve as the foundation for intervention 
strategies to improve clinical outcomes in this population. 
Overall, COVID-19 was most often not severe in children and 
adolescents, with children being hospitalized more frequently 
by COVID-19 than adolescents, with some differences for 
clinical characteristics.

 In the present study sample, the distribution of 
COVID-19 between sexes was balanced. This result is similar to 
those observed by Götzinger et al. (12), a multicenter study 
including 582 COVID-19 patients aged � 18 years in 25 
European countries. In Brazil, a similar sex distribution was 
also found in a single-center retrospective study including 
1,303 cases admitted in a general hospital (13). In terms of 
race, our study observed a higher frequency of COVID-19 
among non-white race (about 60%), very similar to a previous 
study using information from a nationwide surveillance 

database of patients admitted to hospital with COVID-19 in 
Brazil (14). A study by Mannheim et al. (15), describing the 
main characteristics of 1,302 US children who tested positive 
for COVID-19, showed a predominance of COVID-19 in 
Hispanic/Latino patients (53%), followed by Blacks/African-
Americans (25%), and whites (13%), underling the potential 
influence of racial disparities on the risk of COVID-19. Despite 
the considerable influence of race on COVID-19 outcomes, 
medical records had skin color/race information for only 41.2% 
(n = 14) of the patients, indicating that little importance was 
given to this information by the professional who provided the 
first patient care. Furthermore, our study revealed a higher 
proportion of hospitalizations among children compared to 
adolescents, suggesting a propensity for increased 
hospitalization among children, consistent with findings from 
a prior investigation (16). A potential explanation for this 
unexpected finding was a compassionate concern of health 
professionals in managing children with COVID-19 during the 
initial phase of the pandemic when there was a lack of prior 
information on disease management. 

 The time from symptom onset to hospital admission 

Gastrointestinal symptoms 

Abdominal pain  1 (4.0)  0 (0.0) 

Diarrhea  2 (8.0)  1 (11.1) 

Vomiting  1 (4.0)  0 (0.0) 

Diarrhea and vomiting  0 (0.0)  1 (11.1) 

Abdominal pain, diarrhea and vomiting  0 (0.0)  1 (11.1) 

Other symptoms 

Myalgia  2 (8.0)  2 (22.2)  0.26 

Asthenia  24 (96.0)  5 (55.6)  0.003 

Other  2 (8.0)  2 (22.2)  0.26 

COVID-19-positive family member  2 (8.0)  4 (44.4)  0.01 

Associated infection 

Pneumonia  9 (36.0)  4 (44.4)  0.66 

Tuberculosis  0 (0.0)  3 (33.3)  0.003 

Gastroenteritis  2 (8.0)  2 (22.2)  0.26 

Previous comorbidities 

HIV  1 (4.0)  0 (0.0)  0.54 

Diabetes Mellitus  1 (4.0)  2 (22.2)  0.10 

Obesity  0 (0.0)  1 (11.1)  0.10 

Congenital adrenal hyperplasia  1 (4.0)  0 (0.0)  0.54 

Asthma  2 (8.0)  0 (0.0)  0.38 

Down syndrome  1 (4.0)  0 (0.0)  0.54 

West syndrome  1 (4.0)  0 (0.0)  0.54 

Dilated cardiomiopathy  1 (4.0)  0 (0.0)  0.54 

Pediatric Multisystem Inflammatory Syndrome (P-MIS)  0 (0.0)  1 (11.1)  0.10 

Complementary exams (imaging and laboratory) 

Abnormal chest X-ray  10 (40.0)  3 (33.3)  0.72 

Abnormal chest ultrasound  4 (16.0)  4 (4.4)  0.08 

Abnormal chest tomography  3 (12.0)  2 (22.2)  0.46 

Hemoglobin (g/dL)  11.6 (10.3-12.5)  11.6 (10.3-11.9)  0.92 

Hematocrit (%)  34.1 (30.0-36.3)  34.6 (30.2-34.9)  0.83 

Leucocytes (µL)  9900 (7500-15900)  8700 (5700-13000)  0.57 

Plaquettes (µL)  367000 (297000-526000)  285500 (181500-345500)  0.07 

13.2 (5.8 – 25.6)  41 (18.1-134.0) 

n=21  n=9 

124 (104-141)  99 (88-224) 

n=15  n=7 

19 (14-26)  27.5 (18-30.5) 

n=23  n=8 

0.4 (0.3-0.4)  0.6 (0.5-0.7) 

n=23  n=8 

28 (21-42)  24 (18-27) 

n=21  n=9 

15 (11-24)  15 (9-17) 

n=21  n=9 

1.3 (0.7-5.0)  1.8 (1.3-10.0) 

n=4  n=3 

Arterial blood gases 

7.39 (7.32-7.44)  7.38 (7.22-7.41) 

n=7  n=4 

72.9 (62.9-114.3)  166.2 (89.3-266.7) 

n=7  n=4 
PO2 (mmHg)  0.35 

TGP (U/L) (n=30)  0.91 

D-dimer (ng/mL) (n=7)  0.29 

pH  0.64 

Urea (mg/dL) (n=31)  0.27 

Creatinine (mg/dL) (n=31)  0.002 

TGO (U/L) (n=30)  0.19 

C-reactive protein (mg/dL) (n=30)  0.02 

Glycemia (mg/dL) (n=22)  0.92 

0.25 

22 (18.5-25.4)  18.5 (10.2 -22.4) 

n=7  n=4 

35.4 (28.2-44.8)  31.0 (19.2-35.4) 

n=7  n=4 

Treatment  

Antibiotics 

Number of schemes  2 (1-2)  2 (1-4)  0.46 

1 antibiotic   12 (48.0)  4 (44.4) 

2 antibiotics   9 (36.0)  2 (22.2) 

3 or more antibiotics   4 (16.0)  3 (33.3) 

Amoxicillin + Clavulanate  20 (80.0)  7 (77.8)  0.89 

Azithromycin  5 (20.0)  0 (0.0)  0.15 

Cefepime  6 (24.0)  3 (33.3)  0.59 

Vancomycin  2 (8.0)  2 (22.2)  0.26 

Clarithromycin  5 (20.0)  4 (44.4)  0.15 

Metronidazole  0 (0.0)  1 (11.1)  0.10 

Ampicillin  2 (8.0)  0 (0.0)  0.38 

Ciprofloxacin  0 (0.0)  1 (11.1)  0.10 

Ceftriaxone  1 (4.00)  2 (22.2)  0.10 

Oxacillin  1 (4.0)  1 (11.1)  0.44 

Antiviral (oseltamivir) 

Corticoid 

Prednisolone  11 (44.0)  2 (22.2)  0.25 

Dexamethasone  2 (8.0)  1 (11.1)  0.78 

Hydrocortisone  3 (12.0)  0 (0.0)  0.28 

Anticoagulation (Clexane)  1 (4.0)  0 (0.0)  0.54 

Intermediate unit   2 (8.0)  0 (0.0)  0.38 

Intensive care unit  6 (24.0)  4 (44.4)  0.25 

Non-invasive mechanic ventilation  20 (80.0)  4 (44.4)  0.04 

Invasive mechanic ventilation  1 (4.0)  1 (11.0)  0.44 

Other procedures  3 (12.0)  1 (11.0)  0.94 

0.50 

HCO3 (mEq/L)  0.53 

PCO2 (mmHg)  0.45 

IQR: interquartile range
Estimates in bold are statistically significant
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COVID-19 during the first and second pandemic waves, which 
may usefully serve as the foundation for intervention 
strategies to improve clinical outcomes in this population. 
Overall, COVID-19 was most often not severe in children and 
adolescents, with children being hospitalized more frequently 
by COVID-19 than adolescents, with some differences for 
clinical characteristics.

 In the present study sample, the distribution of 
COVID-19 between sexes was balanced. This result is similar to 
those observed by Götzinger et al. (12), a multicenter study 
including 582 COVID-19 patients aged � 18 years in 25 
European countries. In Brazil, a similar sex distribution was 
also found in a single-center retrospective study including 
1,303 cases admitted in a general hospital (13). In terms of 
race, our study observed a higher frequency of COVID-19 
among non-white race (about 60%), very similar to a previous 
study using information from a nationwide surveillance 

database of patients admitted to hospital with COVID-19 in 
Brazil (14). A study by Mannheim et al. (15), describing the 
main characteristics of 1,302 US children who tested positive 
for COVID-19, showed a predominance of COVID-19 in 
Hispanic/Latino patients (53%), followed by Blacks/African-
Americans (25%), and whites (13%), underling the potential 
influence of racial disparities on the risk of COVID-19. Despite 
the considerable influence of race on COVID-19 outcomes, 
medical records had skin color/race information for only 41.2% 
(n = 14) of the patients, indicating that little importance was 
given to this information by the professional who provided the 
first patient care. Furthermore, our study revealed a higher 
proportion of hospitalizations among children compared to 
adolescents, suggesting a propensity for increased 
hospitalization among children, consistent with findings from 
a prior investigation (16). A potential explanation for this 
unexpected finding was a compassionate concern of health 
professionals in managing children with COVID-19 during the 
initial phase of the pandemic when there was a lack of prior 
information on disease management. 
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was approximately 4 days in our study, with the most frequent 
symptoms in consonance with those reported by Rahman et 
al.  (17), who found fever (84%), cough (61%), and 
fatigue/weakness (42%) as the most prevalent.  Similarly, 
Oliveira et al. (14) found fever (74,5%) and cough (67.4%) as the 
most prevalent symptoms in a Brazilian pediatric population. 
On hospitalization, most patients were allocated to ward 
beds. This finding is compatible with the non-severe profile of 
the disease described by Irfan et al. (18), who evaluated 9335 
hospitalized pediatric patients and found that only about 20% 
needed to be admitted to the ICU, a similar percentage in 
comparison to our study. 

 In our study, COVID-19-related co-infections included 
38.2% of patients with bacterial pneumonia, 11.8% with 
gastroenteritis, and 8.8% with tuberculosis. Comorbidities 
associated with more severe conditions were also observed, 
such as diabetes mellitus (8.8%), asthma (5.9%) and obesity 
(2.9%). Biharie et al. (19) found that, of 83 pediatric patients 
with COVID-19, 55% had comorbidities, obesity being the most 
common (22%), followed by respiratory (19.6%) and 
neurological disorders (17.4%). Rare in our study was P-MIS, a 
possible condition associated with more severe COVID-19, 
which was identified in only one (2.9%) patient, who had no 
previous comorbidities, but presented with fever , 
conjunctivitis, and mucocutaneous infection. Conversely, Uka 
et al. (20) evaluated the clinical characteristics, treatment and 
outcomes of 126 children hospitalized with COVID-19, 35% of 
whom were diagnosed with P-MIS; 53% of those, in turn, were 
admitted to the ICU, raising concerns about the potential 
adverse impact of P-SIM on COVID-19 prognosis.

 Abnormalities in chest imaging exams were reported 
in 76.4% of patients. Most abnormal results were found in X-
rays (38.2%), followed by USG (23.5%), and CT scans (14.7%). 
Rudan et al. (21) note that chest CT findings in children and 
adolescents would occasionally show ground-glass opacities, 
as in adults. In the laboratory exams, hemoglobin and 
hematocrit remained within normal limits, despite a slight 
tendency to leukocytosis. CRP analysis, requested for 88.2% of 
the patients, returned a high median value (17.3 mg/dL). A 
systematic review by Souza et al. (22) showed that most 
(75.8%) of patients with COVID-19 in the pediatric age group 
had leukocyte values within the normal range. They also found 
high CRP levels in approximately 20% of the cases studied, 
corroborating the findings of this study and other studies in 
the literature (23), confirming the inflammatory nature of the 
disease. In this study, blood glucose was analyzed in 
approximately 65.0% of the patients, with three patients with 
diabetes mellitus (two adolescents and one child). The two 
adolescents with diabetes required ICU admission, reinforcing 
the need for greater care in children and adolescents with this 
condition due to the risk of complications (24). Markers of 
renal and hepatic function values were within normal limits, 
although slightly higher among adolescents. D-dimer was 
measured in 20.5% of patients to investigate coagulopathies, 
but no very high values were observed, confirming that 
thromboembolic events are not a common concern in 
pediatric patients with COVID-19 (25, 26).

 Fewer than 30% of patients in this study required ICU 
admission. Invasive procedures such as OTI, central venous 
access and chest drainage were required in a small 
percentage of patients (5.9% for all procedures), and no 
deaths were reported. Similarly, a study conducted by Luz 
Romero et al. (27) of 30 patients aged < 18 years found a low 
percentage of ICU admissions and no deaths, reinforcing the 
less severe nature of COVID-19 in the pediatric population.

 All patients in this study were treated with antibiotic 
therapy. Antibacterial monotherapy was performed in almost 
half the patients, although associations of two or even three 
or more drugs were necessary in almost a third. Antiviral 
medication was used in the vast majority (~ 90%) of patients, 
for which oseltamivir was the only therapeutic choice. 
Corticosteroid therapy was initiated in approximately one-
third of the patients: prednisolone was the most frequent 
therapy, and dexamethasone and hydrocortisone, the 
second. In Toba et al. (28), 82.7% were treated with antivirals, 
including alpha interferon, lopinavir, ritonavir, oseltamivir and 
umifenovir. In that same study, antibiotic therapy was 
initiated in 41% of patients studied, and glucocorticoids, in 
16.8%.

 As this was a retrospective study based on an 
information search of medical records, information for some 
patients was incomplete, limiting data analysis. The small 
sample size, which made it impossible to identify variables 
associated with clinical outcomes, can also be considered a 
limitation of the study. Moreover, patients included in this 
study were infected during the first year of COVID-19 
pandemic in Brazil (March 2020 to March 2021), in which 
medical knowledge about clinical management of COVID-19 
was uncertain. The medications used to treat patients at that 
time may noy reflect the best therapeutical treatment options 
to treat patients with COVID-19 nowadays. In addition, the 
inclusion of patients from a tertiary hospital may limit the 
extrapolation of results to other patients with milder COVID-
19 cases. On the other hand, because COVID-19 prognoses are 
better in pediatric populations, hospitalizations are not 
common, reinforcing the originality of the – albeit only 
descriptive – study findings.

Conclusion

 To conclude, COVID-19 was not severe in most of the 
children and adolescents in the study. Overall, children were 
more affected by COVID-19 than adolescents and 
hospitalizations were more frequent among children. Only 
one case was diagnosed with P-MIS and needed no intensive 
care. Fever, asthenia, and cough, among the main symptoms 
associated with hospitalization, were treated mostly in ward 
beds. Severe cases requiring ICU admission accounted for less 
than 30% of total cases, and there were no deaths, underlining 
the less severe nature of the disease in the pediatric 
population.

Author's contribution Statement
 Jeferson Tobias da Silva de Oliveira: Study design 
and conception, data analysis and interpretation, read and 

agreed with this final version of the manuscript. Luciana 
Fernandes Portela: manuscript written and review, read and 
agreed with this final version of the manuscript. Marcelo 
Carvalho Vieira: data analysis and interpretation, manuscript 
written and review, read and agreed with this final version of 
the manuscript. Mariana Cristina Mendes Almeida: 
manuscript written and review, read and agreed with this final 
version of the manuscript. Luiz Henrique Conde Sangenis: 
manuscript written and review, read and agreed with this final 
version of the manuscript. Ivonete Siviero: manuscript 
written and review, read and agreed with this final version of 
the manuscript. Tatiana Rehder Gonçalves: manuscript 
written and review, read and agreed with this final version of 
the manuscript. Mauro Felippe Felix Mediano: study design 
and conception, data analysis and interpretation, read and 
agreed with this final version of the manuscript.

Ethics statement
 This research project was submitted to, and 
approved by, the Research Ethics Committees of the Evandro 
Chagas National Institute of Infectious Disease - INI/FIOCRUZ 
(number 4.622.601) and the Rio de Janeiro Municipal Health 
Department - SMS/RJ (number 4.665.345).

Financial support
 This study was supported by Fundação Carlos Chagas 
Filho de Amparo à Pesquisa do Estado do Rio de Janeiro - 
Brazil (FAPERJ) - Grant E-26/210.246/2021 and Coordenação 
de Aperfeiçoamento de Pessoal de Nível Superior - Brazil 
(CAPES) - Finance Code 001.

Conict of interest
 None to declare.

References

1. Howard-Jones AR, Bowen AC, Danchin M, Koirala A, Sharma 
K, Yeoh DK, et al. COVID-19 in children: I. Epidemiology, 
prevention and indirect impacts. Journal of Paediatrics and 
Child Health. 2021;58(1):39-45. doi: 10.1111/jpc.15791.

2. Jackson WM, Price JC, Eisler L, Sun LS, Lee JJ. COVID-19 in 
Pediatric Patients: A Systematic Review. Journal of 
Neurosurgical Anesthesiology. 2022;34(1):141-7. doi: 
10.1097/ana.0000000000000803.

3. Tullie L, Ford K, Bisharat M, Watson T, Thakkar H, Mullassery 
D, et al. Gastrointestinal features in children with COVID-19: 
an observation of varied presentation in eight children. The 
Lancet Child & Adolescent Health. 2020;4(7):e19-e20. doi: 
10.1016/s2352-4642(20)30165-6.

4. Calitri C, Fumi I, Ignaccolo MG, Banino E, Benetti S, Lupica 
MM, et al. Gastrointestinal involvement in paediatric 
COVID-19 — from pathogenesis to clinical management: A 
c o m p r e h e n s i v e  r e v i e w .  W o r l d  J o u r n a l  o f 
G a s t r o e n t e r o l o g y .  2 0 2 1 ; 2 7 ( 2 3 ) : 3 3 0 3 - 1 6 .  d o i : 
10.3748/wjg.v27.i23.3303.

5. Mehraeen E, Oliaei S, SeyedAlinaghi S, Karimi A, Mirzapour 
P, Afsahi AM, et al. COVID-19 in Pediatrics: A Systematic 
Review of Current Knowledge and Practice. Infectious 
D i s o r d e r s  -  D r u g  T a r g e t s .  2 0 2 2 ; 2 2 ( 5 ) .  d o i : 
10.2174/1871526521666210929121705.

6. Preston LE, Chevinsky JR, Kompaniyets L, Lavery AM, 
Kimball A, Boehmer TK, et al. Characteristics and Disease 
Severity of US Children and Adolescents Diagnosed With 
COVID-19. JAMA Network Open. 2021;4(4):e215298. doi: 
10.1001/jamanetworkopen.2021.5298.

7. Zhou B, Yuan Y, Wang S, Zhang Z, Yang M, Deng X, et al. Risk 
profiles of severe illness in children with COVID-19: a meta-
analysis of individual patients. Pediatric Research. 
2021;90(2):347-52. doi: 10.1038/s41390-021-01429-2.

8. Sousa BLA, Silva CA, Ferraro AA. An update on the 
epidemiology of pediatric COVID-19 in Brazil. Revista 
Paulista de Pediatria. 2022;40. doi: 10.1590/1984-
0462/2022/40/2021367.

9. Silva ACCACd, Luiz RR, Moraes JRd, Rocha PHV, Zeitoune 
RCG, Barbosa AP, et al. Mortalidade hospitalar por covid-19 
em crianças e adolescentes no Brasil em 2020–2021. 
R e v i s t a  d e  S a ú d e  P ú b l i c a .  2 0 2 3 ; 5 7 ( 1 ) : 5 6 .  d o i : 
10.11606/s1518-8787.2023057005172.

10. Zeiser FA, Donida B, da Costa CA, Ramos GdO, Scherer JN, 
Barcellos NT, et al. First and second COVID-19 waves in 
Brazil: A cross-sectional study of patients' characteristics 
related to hospitalization and in-hospital mortality. The 
Lancet Regional Health - Americas. 2022;6:100107. doi: 
10.1016/j.lana.2021.100107.

11. Bundy DAP, de Silva N, Horton S, Patton GC, Schultz L, 
Jamison DT .  Ch i ld  and Adolescent  Health  and 
Development: Realizing Neglected Potential. 2017:1-24. 
doi: 10.1596/978-1-4648-0423-6_ch1.

12. Götzinger F, Santiago-García B, Noguera-Julián A, Lanaspa 
M, Lancella L, Calò Carducci FI, et al. COVID-19 in children 
and adolescents in Europe: a multinational, multicentre 
cohort study. The Lancet Child & Adolescent Health. 
2020;4(9):653-61. doi: 10.1016/s2352-4642(20)30177-2.

13. Bain V, Abramczyk ML, Costa RLS, Paixão MR, Souza Junior 
JLd. Pediatric COVID-19: clinical and epidemiological data of 
1303 cases in a general hospital in Brazil. Revista Paulista de 
P e d i a t r i a .  2 0 2 4 ; 4 2 .  d o i :  1 0 . 1 5 9 0 / 1 9 8 4 -
0462/2024/42/2023031.

14. Oliveira EA, Colosimo EA, Simões e Silva AC, Mak RH, 
Martelli DB, Silva LR, et al. Clinical characteristics and risk 
factors for death among hospitalised children and 
adolescents with COVID-19 in Brazil: an analysis of a 
nationwide database. The Lancet Child & Adolescent 
H e a l t h .  2 0 2 1 ; 5 ( 8 ) : 5 5 9 - 6 8 .  d o i :  1 0 . 1 0 1 6 / s 2 3 5 2 -
4642(21)00134-6.

15. Mannheim J, Konda S, Logan LK. Racial, ethnic and 
socioeconomic disparities in SARS-CoV-2 infection 
amongst children. Paediatric and Perinatal Epidemiology. 
2022;36(3):337-46. doi: 10.1111/ppe.12865.

16. Antoon JW, Grijalva CG, Thurm C, Richardson T, Spaulding 
AB, Ii RJT, et al. Factors Associated With COVID-19 Disease 
Severity in US Children and Adolescents. Journal of Hospital 
Medicine. 2021;16(10):603-10. doi: 10.12788/jhm.3689.

17. Rahman MM, Bhattacharjee B, Farhana Z, Hamiduzzaman 
M, Chowdhury MAB, Hossain MS, et al. Age-related risk 
factors and severity of SARS-CoV-2 infection: a systematic 
review and meta-analysis. J Prev Med Hyg. 2021;62(2):E329-
E71. doi: 10.15167/2421-4248/jpmh2021.62.2.1946. PubMed 
P M I D :  3 4 6 0 4 5 7 4 ;  P u b M e d  C e n t r a l  P M C I D : 
PMCPMC8451365.



Microbes Infect Chemother, 2024, v.4, 1-10, e1989

Oliveira JTS, et al.

8 Microbes Infect Chemother, 2024, v.4, 1-10, e1989

COVID-19 in children and adolescents

9

was approximately 4 days in our study, with the most frequent 
symptoms in consonance with those reported by Rahman et 
al.  (17), who found fever (84%), cough (61%), and 
fatigue/weakness (42%) as the most prevalent.  Similarly, 
Oliveira et al. (14) found fever (74,5%) and cough (67.4%) as the 
most prevalent symptoms in a Brazilian pediatric population. 
On hospitalization, most patients were allocated to ward 
beds. This finding is compatible with the non-severe profile of 
the disease described by Irfan et al. (18), who evaluated 9335 
hospitalized pediatric patients and found that only about 20% 
needed to be admitted to the ICU, a similar percentage in 
comparison to our study. 

 In our study, COVID-19-related co-infections included 
38.2% of patients with bacterial pneumonia, 11.8% with 
gastroenteritis, and 8.8% with tuberculosis. Comorbidities 
associated with more severe conditions were also observed, 
such as diabetes mellitus (8.8%), asthma (5.9%) and obesity 
(2.9%). Biharie et al. (19) found that, of 83 pediatric patients 
with COVID-19, 55% had comorbidities, obesity being the most 
common (22%), followed by respiratory (19.6%) and 
neurological disorders (17.4%). Rare in our study was P-MIS, a 
possible condition associated with more severe COVID-19, 
which was identified in only one (2.9%) patient, who had no 
previous comorbidities, but presented with fever , 
conjunctivitis, and mucocutaneous infection. Conversely, Uka 
et al. (20) evaluated the clinical characteristics, treatment and 
outcomes of 126 children hospitalized with COVID-19, 35% of 
whom were diagnosed with P-MIS; 53% of those, in turn, were 
admitted to the ICU, raising concerns about the potential 
adverse impact of P-SIM on COVID-19 prognosis.

 Abnormalities in chest imaging exams were reported 
in 76.4% of patients. Most abnormal results were found in X-
rays (38.2%), followed by USG (23.5%), and CT scans (14.7%). 
Rudan et al. (21) note that chest CT findings in children and 
adolescents would occasionally show ground-glass opacities, 
as in adults. In the laboratory exams, hemoglobin and 
hematocrit remained within normal limits, despite a slight 
tendency to leukocytosis. CRP analysis, requested for 88.2% of 
the patients, returned a high median value (17.3 mg/dL). A 
systematic review by Souza et al. (22) showed that most 
(75.8%) of patients with COVID-19 in the pediatric age group 
had leukocyte values within the normal range. They also found 
high CRP levels in approximately 20% of the cases studied, 
corroborating the findings of this study and other studies in 
the literature (23), confirming the inflammatory nature of the 
disease. In this study, blood glucose was analyzed in 
approximately 65.0% of the patients, with three patients with 
diabetes mellitus (two adolescents and one child). The two 
adolescents with diabetes required ICU admission, reinforcing 
the need for greater care in children and adolescents with this 
condition due to the risk of complications (24). Markers of 
renal and hepatic function values were within normal limits, 
although slightly higher among adolescents. D-dimer was 
measured in 20.5% of patients to investigate coagulopathies, 
but no very high values were observed, confirming that 
thromboembolic events are not a common concern in 
pediatric patients with COVID-19 (25, 26).

 Fewer than 30% of patients in this study required ICU 
admission. Invasive procedures such as OTI, central venous 
access and chest drainage were required in a small 
percentage of patients (5.9% for all procedures), and no 
deaths were reported. Similarly, a study conducted by Luz 
Romero et al. (27) of 30 patients aged < 18 years found a low 
percentage of ICU admissions and no deaths, reinforcing the 
less severe nature of COVID-19 in the pediatric population.

 All patients in this study were treated with antibiotic 
therapy. Antibacterial monotherapy was performed in almost 
half the patients, although associations of two or even three 
or more drugs were necessary in almost a third. Antiviral 
medication was used in the vast majority (~ 90%) of patients, 
for which oseltamivir was the only therapeutic choice. 
Corticosteroid therapy was initiated in approximately one-
third of the patients: prednisolone was the most frequent 
therapy, and dexamethasone and hydrocortisone, the 
second. In Toba et al. (28), 82.7% were treated with antivirals, 
including alpha interferon, lopinavir, ritonavir, oseltamivir and 
umifenovir. In that same study, antibiotic therapy was 
initiated in 41% of patients studied, and glucocorticoids, in 
16.8%.

 As this was a retrospective study based on an 
information search of medical records, information for some 
patients was incomplete, limiting data analysis. The small 
sample size, which made it impossible to identify variables 
associated with clinical outcomes, can also be considered a 
limitation of the study. Moreover, patients included in this 
study were infected during the first year of COVID-19 
pandemic in Brazil (March 2020 to March 2021), in which 
medical knowledge about clinical management of COVID-19 
was uncertain. The medications used to treat patients at that 
time may noy reflect the best therapeutical treatment options 
to treat patients with COVID-19 nowadays. In addition, the 
inclusion of patients from a tertiary hospital may limit the 
extrapolation of results to other patients with milder COVID-
19 cases. On the other hand, because COVID-19 prognoses are 
better in pediatric populations, hospitalizations are not 
common, reinforcing the originality of the – albeit only 
descriptive – study findings.

Conclusion

 To conclude, COVID-19 was not severe in most of the 
children and adolescents in the study. Overall, children were 
more affected by COVID-19 than adolescents and 
hospitalizations were more frequent among children. Only 
one case was diagnosed with P-MIS and needed no intensive 
care. Fever, asthenia, and cough, among the main symptoms 
associated with hospitalization, were treated mostly in ward 
beds. Severe cases requiring ICU admission accounted for less 
than 30% of total cases, and there were no deaths, underlining 
the less severe nature of the disease in the pediatric 
population.
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Abstract

Background. On 23 July 2022, the World Health Organization declared a Public Health 
Emergency of International Concern. Monkeypox is a zoonotic viral disease caused by the 
monkeypox virus that is transmitted from animals to humans or from human to human. 
To date, treatment for human monkeypox is mostly symptomatic, as there is no specific 
standard antiviral  treatment. Persons with severe symptoms and signs, 
immunocompromised patients, children younger than 8 years, and pregnant individuals 
should be considered for specific antiviral treatment. Objective. This study aims to assess 
effectiveness of antiviral drugs in treatment of human monkeypox. Methodology. 
Published clinical trials and cohort studies on the role of antivirals in the management of 
human monkeypox that were identified through a comprehensive search of electronic 
databases up to April 1, 2023. The patients included were children and adults confirmed 
with monkeypox. The diagnosis was based on PCR or clinical symptoms. The intervention 
was antivirals administration in human monkeypox patients, versus supportive 
treatment/placebo. Outcome measured include the duration of monkeypox until 
recovery, need for hospitalization, and ICU admission. Results. We included four 
completed studies with 195 participants assessing the safety, pharmacokinetics, and 
efficacy of antiviral treatments for human monkeypox compared to placebo. Three 
studies investigated Tecovirimat (st-246), and one investigated Brincidofovir. Both drugs 
were safe, tolerable, and effective with no serious adverse effects. The other 5 studies 
were not completed and are ongoing. Conclusion. There are currently no approved 
antivirals for the treatment of monkeypox; some medications could be authorized for 
outbreak use and are now under investigation, such as Tecovirimat, Cidofovir, and 
Brincidofovir.

Key word: monkeypox, tecovirimat, cidofovir, brincidofovir, meta-analysis, systematic 
review.       

Introduction

 Monkeypox is a zoonotic viral disease caused by the 
monkeypox virus; there are 2 genetic clades of monkeypox 
virus: clade I, in Central Africa, and clade II, in West Africa. It is a 
double-stranded DNA virus belongs to the Orthopoxvirus 
genus in the Poxviridae family that can be transmitted from 
animals to humans and from humans to humans (1), with an 
incubation period ranging from 5 to 21 days. Symptoms 
include rash, fever, and swollen lymph nodes. Although 
usually self-limiting, monkeypox can be severe or even fatal, 
especially in young children and immunosuppressed 
individuals (2).

 Monkeypox virus was first discovered in laboratory 
monkeys in Denmark in the late 1950s. Thereafter, it is 
identified as a cause of disease in humans in the Democratic 

Republic of Congo in the 1970s when a 9-year-old boy 
developed smallpox like illness, which was eventually 
confirmed as human monkeypox by the World Health 
Organization. Since then, it has occurred sporadically in 
Central, East Africa and West Africa. In 2003, an outbreak in 
the US was linked to imported wild animals from Africa. 
Thousands of suspected cases have been reported annually 
in the Democratic Republic of Congo since 2005. In 2017, 
monkeypox re-emerged as a public health issue in Nigeria, 
spreading locally and among international travelers. Between 
2018 and 2021, cases were confirmed in six African countries: 
Cameroon, Central African Republic, Congo, Nigeria, 
Democratic Republic of Congo, and Sierra Leone. In May 2022, 
a new multinational outbreak, affected over 87,000 people in 
110 countries with 112 deaths, primarily affecting gay and 
bisexual (3).
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