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Mild and moderate manifestations of SARS-CoV-2 
infection, including hospitalization, in children and 
adolescents with cystic fibrosis

 ❚ Highlights
 ■ SARS-CoV-2 infection leads to mild-to-moderate disease in 
children with cystic fibrosis.

 ■ No worsening of cystic fibrosis was observed months after 
infection. 
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 ❚ ABSTRACT
Objective: This study aimed to evaluate the clinical manifestations of SARS-CoV-2 in children and 
adolescents with cystic fibrosis. Methods: This was a case-control analysis of clinical variables 
and pulmonary function test results in 43 children with cystic fibrosis, 17 (39.5%) of whom tested 
positive for SARS-CoV-2. Results: The infected children exhibited a higher frequency of dyspnea 
and cough and a greater need for hospitalization. One infected child died. Pulmonary exacerbations 
were more frequent among the infected children. Additional data indicated a subsequent reduction 
in pulmonary function in the infected children, although this was not significantly different from 
that in the uninfected children. Conclusion: Children with cystic fibrosis who contracted SARS-
CoV-2 experienced mild to moderate symptoms and required hospitalization but generally had high 
recovery rates.

Keywords: Cystic fibrosis; Virus diseases; Respiratory function tests; SARS-CoV-2; Coronavirus 
infections; Hospitalization; Adolescent; Adolescent, hospitalized; Child; Child, hospitalized

 ❚ INTRODUCTION
Cystic fibrosis (CF) is an autosomal recessive monogenic disease that affects 
various organs and systems of the body, particularly the gastrointestinal and 
pulmonary systems.(1) Pulmonary dysfunction, characterized by worsening 
respiratory symptoms and pulmonary exacerbations, plays a principal role 
in the morbidity and mortality of patients with CF, leading to reduced life 
expectancy.(2) Coronavirus Disease 2019 (COVID-19) is caused by Severe 
Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2). Compared with 
other respiratory viruses, it is highly contagious and has a high fatality rate in 
the general population, especially among individuals with comorbidities.(3)

Previous research has demonstrated that patients with CF benefited from 
the social preventive measures implemented during the COVID-19 pandemic.(4) 

However, the long-term repercussions of SARS-CoV-2 infection in individuals 
with CF are still not well understood, although observational data suggest a 
potentially less severe course of the disease than initially assumed.(5) Thus, we 
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hypothesized that SARS-CoV-2 infection in children 
with CF could lead to a worsening of respiratory 
function.

 ❚ OBJECTIVE
To evaluate the clinical manifestations of SARS-CoV-2 
in children and adolescents with cystic fibrosis and 
compare their clinical characteristics before and after 
infection.

 ❚METHODS
Study design and recruitment of patients
This observational case-control study using convenience 
sampling involved children and adolescents attending 
the Cystic Fibrosis Reference Center of the Hospital 
Universitário of the Universidade Federal de Sergipe 
(CRFC/HU-EBSERH/UFS). All participants had 
a prior diagnosis of CF and were followed up at the 
reference center according to Brazilian guidelines.(6) 

A total of 53 children and adolescents were followed 
up at the reference center, representing 98% of all 
children with CF in the state. The study was conducted 
from May 2020 to May 2021, during the first wave 
of the COVID-19 pandemic. Nasopharyngeal swabs 
were collected from the participants regardless of the 
presence of symptoms. SARS-CoV-2 detection using 
RT-qPCR was performed at the Central Laboratory 
of Public Health.(7) Additionally, information from the 
periods before (6-12 months) and after (approximately 
6 months) the COVID-19 episodes was retrieved from 
the medical records of all participants.

Evaluation of the individuals and data collection
Data on age and sex were obtained along with clinical 
data, such as genotype, medications used, weight, height, 
body mass index (BMI), pulmonary microbiology 
evaluations, pulmonary exacerbations, hospitalizations, 
and pulmonary tests. The clinical team, which also 
served as the research team, collected data from 
routine tests conducted before and after the COVID-19 
episode, as well as from additional testing during the 
disease period.

Pulmonary function was assessed using spirometry 
in patients older than 6 years in accordance with 
international and national recommendations.(8) During 
the inhalation and exhalation phases, the forced vital 
capacity (FVC), forced expiratory volume in the first 
second (FEV1), and forced expiratory flow between 
25% and 75% of the FVC curve (FEF25-75%) were 

measured. The final mean FVC and FEV1 values 
were used and classified as normal, mild, moderate, 
moderately severe, severe, or very severe.(9) The 
nutritional status was also evaluated using the BMI 
Z-score, according to the WHO recommendations. 
BMI was calculated as weight divided by height squared. 
For all patients, the anthropometric index BMI/age 
(BMI/A) was calculated using Z-scores with the WHO 
Anthro Software version 2.0.2.

Pulmonary exacerbation was defined as the presence 
of at least three of the following criteria: increased 
coughing frequency; changes in sputum (color, volume, 
consistency, and hemoptysis); appearance or worsening 
of dyspnea; loss of appetite/weight; malaise; fatigue 
or lethargy; headache; pain in the sinus area; absence 
from school/work related to worsening of respiratory 
function; decreased exercise tolerance; changes in lung 
auscultation; changes in chest radiography results; 
fever; a drop in FEV1 >10% from baseline; and a drop 
in oxygen saturation >10% from baseline.

Statistical analysis
The Shapiro-Wilk test was used to assess the normality 
of continuous variables. Fisher’s exact test or McNemar’s 
test was used to evaluate the independence of 
categorical variables. The equality of medians was 
tested using a t-test or a paired t-test. The equality of 
medians with repeated measures was tested using a two-
way ANOVA. Regression methodologies were used to 
estimate the differences between the groups at different 
times. A p<0.05 was considered statistically significant 
for comparisons.

Statements
Ethics statement
This study was performed in accordance with the 
Declaration of Helsinki and was approved by the 
Human Research Ethics Committee of the Hospital 
Universitário of the Universidade Federal de Sergipe 
(CAAE: 24372019.2.0000.5546; #3.751.710). Children 
and their legal guardians were invited to participate, 
and informed consent was obtained from all patients 
and their legal representatives.

 ❚ RESULTS
A total of 43 children and adolescents with CF were 
enrolled in the study, of whom 17 (39.5%) tested 
positive for SARS-CoV-2. Table 1 displays the clinical 
characteristics and follow-up data for both groups: those 
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with and without COVID-19. Both groups had similar 
proportions of females and similar ages. Regarding the 
baseline clinical data, heterozygosity for the F508del 
allele was the most frequent (41.9%). Pancreatic 
insufficiency was observed in 41 participants (95.3%), 
and one (2.3%) presented with CF-related diabetes. 
Both groups had similar positive bacterial identification 
and isolation (p=0.206) and BMI Z-scores (p=0.207).

Among the infected patients, 11 (64.7%) were 
monitored at home and six (35.3%) required 
hospitalization. None of the uninfected children 
required hospitalization during the same time. Among 
the hospitalized patients with COVID-19, three 
(17.6%) required supplemental oxygen therapy, and 
one (5.9) required ICU care. Sixteen (94.1%) patients 
with COVID-19 recovered, and one (5.9%) died. None 
of the children without SARS-CoV-2 infection were 
hospitalized or died. There was a significant difference 
between the infected and uninfected patients in terms 
of the occurrence of pulmonary exacerbation (p=0.028) 
and symptomatology (p=0.002), with the appearance 
or worsening of dyspnea (p=0.019) and appearance or 
worsening of cough (p=0.014) being the most common 
symptoms. The use of inhaled corticosteroids was 
significantly higher in the uninfected group (p=0.031).

Complementarily, data were recovered from the 
periods before and after the COVID-19 episode in 
both groups. Thus, the BMI Z-score, level of positive 
bacterial isolation, and level of pulmonary exacerbation 
were similar in both groups when comparing the periods 
before and after the infection (Table 2). There was an 
increase in the BMI Z-score in the CF Group when 
comparing the periods before and after the intervention 
(p=0.044). In addition, pulmonary function parameters 
were evaluated in individuals who met the spirometry 

Table 1. Clinical characteristics of children and adolescents with cystic fibrosis 
during the COVID-19 follow-up

CF + 
COVID-19 
n=17 (%)

CF
n=26 (%)

p 
value†

Clinical characteristics 

Sex

 Female 10 (58.8) 15 (57.7) 1.000

 Male 7 (41.2) 11 (42.3)

Age, years

 0-2 years 6 (35.3) 3 (11.5) 0.102

 2-10 years 5 (29.4) 15 (57.7)

 10-18 years 6 (35.3) 8 (30.8)

CFTR genotype

 Homozygote F508del 5 (29.4) 6 (23.1) 0.786

 Heterozygote F508del 6 (35.3) 12 (46.2)

 Others 6 (35.3) 8 (30.8)

 Pancreatic insufficiency 16 (94.1) 25 (96.2) 1.000

 Diabetes related to CF 0 (0) 1 (3.8) 1.000

 Pulmonary bacterial isolation 9 (56.2) 19 (73.1) 0.206

BMI Z-score -0.30  
[-1.45; 0.80]

-0.08  
[-0.62; 0.52]

0.207‡

Disease presentation and treatment

WHO clinical scale

 Uninfected 0 26 (100)

 Ambulatory mild COVID-19 11 (64.7) 0

 Hospitalized moderated COVID-19 5 (29.4) 0 -

 Hospitalized severe COVID-19 0 0

 Dead 1 (5.9) 0

Follow-up 

 Outpatient 11 (64.7) 26 (100) 0.002

 Hospitalization 6 (35.3) 0 (0) 0.002

 Symptomatology 11 (64.7) 4 (15.4) 0.002

 Fever 3 (17.6) 0 (0) 0.055

 Dyspnea 4 (23.5) 0 (0) 0.019

 Cough 8 (47.1) 3 (11.5) 0.014

 Anorexia 3 (17.6) 0 (0) 0.055

 Weight loss 1 (5.9) 0 (0) 0.395

 Malaise, fatigue, or lethargy 1 (5.9) 0 (0) 0.395

 Cephalgia 2 (11.8) 1 (3.8) 0.552

 Pharyngitis 1 (5.9) 0 (0) 0.395

 Gastrointestinal symptoms 1 (5.9) 0 (0) 0.395

 Pulmonary exacerbation 5 (29.4) 1 (3.8) 0.028

 Use of antibiotics 4 (23.5) 7 (28) 1.000

Corticotherapy

 Inhaled 0 7 (26.9) 0.031

 Systemic 0 1 (4) 1.000

Antiviral treatment 0 0 -

Outcome

 Recovery 16 (94.1) 26 (100) 0.395

 Death 1 (5.9) 0 (0)
† Fisher’s exact test; ‡ Paired t-test. The continuous data are presented as medians (interquartile ranges [25-75%]).
BMI: body mass index; CF: cystic fibrosis.

Table 2. Clinical parameters of cystic fibrosis recorded before and after the 
COVID-19 episode in children and adolescents included in the study

Variables
CF + COVID-19 CF p 

valueBefore After p value Before After p value

BMI Z-score -0.40 
[-1.42; 
0.33]

-0.31 
[-1.60; 
0.75]

>0.999† -0.50 
[-1.60; 
0.38]

0.00 
[-0.77; 
0.46]

0.044† 0.199†

Pulmonary 
bacterial 
isolation* 

9 (52.9) 7 (41.2) 0.479‡ 14 (63.6) 18 (81.1) 0.763‡ 0.285‡

Pulmonary 
exacerbation

1 (5.9) 5 (29.4) 0.200£ 2 (7.7) 5 (19.2) 0.400£ 0.562£ 

*Some individuals did not have microbiology test results in their records during the study period; † Two-way ANOVA with re-
peated measures with Bonferroni’s multiple comparison test; ‡ Fisher’s exact test for within-group associations and logistic 
regression with interaction terms for comparison between groups over time; £ McNemar’s test for paired associations and 
generalized estimating equations for comparisons between groups over time.
Continuous data, median [interquartile range (25 - 75%)]; Categorical data, number of individuals (%).
BMI: body mass index; CF: cystic fibrosis.
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criteria (Figure 1). Patients with SARS-CoV-2 infection 
showed lower levels of FEV1 and FEV1/FVC ratio in 
the period after the COVID-19 episode than in the 
period before (p=0.011 and p=0.004, Figure 1A and 
1C, respectively). There were no alterations in the other 
parameters, FVC and FEF25-75%, in the infected group 
and no alterations in the CF Group. Moreover, no 
differences were observed between the groups during 
either evaluation period.

SARS-CoV-2 generally causes asymptomatic 
or mild symptoms and fewer deaths in children and 
adolescents compared to adults. Factors such as a lower 
binding capacity to the ACE2 receptor in children, 
enhanced activation and training of innate immunity 
due to frequent viral infections and vaccinations, and 
the absence of endothelial damage in healthy children 
might contribute to a more controlled disease course.(15)  

Additionally, thick respiratory secretions, the respiratory 
microbiota, and viral-bacterial interactions in the lungs 
may serve as protective factors in patients with CF.(16)

In this study, children with CF who developed 
COVID-19 showed worsened symptoms compared to 
their pre-infection status, unlike non-infected children 
with CF. Further analysis revealed that despite an 
increased need for hospitalization during the acute 
phase, these patients generally experienced favorable 
clinical outcomes, with high recovery rates and 
low mortality. Additionally, a significant increase 
in pulmonary exacerbation was observed among 
virus-infected children, particularly those who were 
hospitalized. These results, along with reductions in 
the FEV1 and FEV1/FVC ratio, indicate a subsequent 
impairment in pulmonary function in these infected 
children. However, it is important to note that the data 
analyzed were obtained from the months before and 
after the COVID-19 episode, which could be attributed 
to other conditions in children with CF, who typically 
show lower levels on spirometry tests than other 
children.(17) Moreover, children with COVID-19 and 
CF had similar BMI Z-scores before and after infection, 
whereas those with CF who were not infected exhibited 
an increase in the score, suggesting progression in 
development and nutritional status. The BMI Z-score 
and nutritional assessment in children with CF are 
important for evaluating clinical development in this 
group.(18) However, although the longitudinal analysis 
indicated an impairment in BMI and some pulmonary 
parameters in children infected with SARS-CoV-2, we 
cannot attribute these changes solely to the infection, 
as there were no significant differences between the 
groups.

It is important to note that the patients with CF 
received adequate care during social isolation. Preventive 
measures were implemented by reference centers 
following national and international guidelines, including 
the adoption of interdisciplinary telemedicine, which 
likely helped maintain patient stability.(4,13) Additionally, 
reduced exposure to other viruses due to decreased social 
interactions and the increased presence of caregivers 
at home during the isolation period may have further 
contributed to the stable condition of the patients.

Figure 1. Pulmonary function test in children and adolescents with cystic 
fibrosis before and after the COVID-19 episodes. Forced expiratory volume in 
the first second (FEV1) (A), forced vital capacity (FVC) (B), the ratio between 
FEV1 and FVC (C), and forced expiratory flow between 25% and 75% of the 
FVC curve (FEF25-75%) (D). The data were retrieved from the medical records. 
The tests were performed for children and adolescents who met the criteria 
for examination. Each dot represents one included individual. The orange color 
indicates data from before the COVID-19 episode, and the blue color indicates 
data from after the COVID-19 episode. Two-way ANOVA was performed, 
including comparisons between groups and over time

A

C

B

D

 ❚ DISCUSSION
Cystic fibrosis is a chronic disease that primarily affects 
the lungs, making respiratory infectious diseases a 
significant risk factor for patients with CF.(10) In this 
study, children and adolescents infected with SARS-
CoV-2 exhibited a mild clinical course of COVID-19 as 
indicated by the low ICU admission rate and moderate 
symptomatology, primarily presenting with cough and 
dyspnea. Similar and contrasting results have been 
observed in other healthcare settings across various 
countries.(5,11-14)
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Despite the positive outcomes reported, this study 
had several limitations. The analysis at a limited 
time point may not have fully captured the long-term 
impact of the SARS-CoV-2 infection in this patient 
cohort. Additionally, a more comprehensive evaluation 
involving a larger number of patients throughout the 
study may have reduced data variability, given the small 
sample size of this study. Moreover, further evaluation 
of pulmonary function and additional SARS-CoV-2 
testing may have enhanced the data.

 ❚ CONCLUSION
In summary, children with cystic fibrosis who were 
infected with SARS-CoV-2 experienced mild-to-
moderate symptoms, such as increased dyspnea and 
cough frequency; however, they demonstrated a high 
recovery rate.
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