Pre prints.org

Article Not peer-reviewed version

Variation of Asthmatic Crisis in
Hospitalized Children Before and After
COVID-19 in a Northern Colombian City

Moisés Argues-Mendoza , Karen Franco-Valencia , Marco Anaya-Romero , Maria Acevedo- Cerchiaro,

Stacey Fragozo-Messino , Deiby Luz Pertuz- Guzman , Jaime Luna-Carrascal i

Posted Date: 27 May 2025
doi: 10.20944/preprints202505.2090.v1

Keywords: Asthma; Covid-19; Pediatrics

Preprints.org is a free multidisciplinary platform providing preprint service

that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of
(=] Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/4487506
https://sciprofiles.com/profile/4482207
https://sciprofiles.com/profile/4319558

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 May 2025 d0i:10.20944/preprints202505.2090.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Type of the Paper (Article, Review, Communication, etc.)

Variation of Asthmatic Crisis in Hospitalized
Children Before and After COVID-19 in a
Northern Colombian City

Moisés Arques-Mendoza 1, Karen Franco-Valencia !, Marco Anaya-Romero ?,
Maria Acevedo-Cerchiaro 2, Stacey Fragozo-Messino 2, Deiby Luz Pertuz-Guzman 3
and Jaime Luna-Carrascal 1*

I Life Science Research Center, Universidad Simén Bolivar, Barranquilla 080002, Colombia

2 Facultad de Ciencias de la Salud. Universidad Simoén Bolivar. Barranquilla. Colombia

3 Grupo de Investigaciones Microbiologicas y Biomedicas de Cordoba (Gimbic), Universidad de Cérdoba,
Monteria, Colombia

* Correspondence: jaime.luna@unisimon.edu.co

Abstract: Background: Pediatric asthma is a multifactorial condition influenced by environmental,
biological, and social determinants. The COVID-19 pandemic introduced new variables that may
have affected the severity and management of asthma in children and adolescents, particularly
through changes in healthcare access, treatment adherence, and exposure to environmental risk
factors. Objective: To evaluate the association between asthma severity and various factors including
nutritional status, corticosteroid use, COVID-19 vaccination, and pollutant exposure before and
during the COVID-19 pandemic in a pediatric population. Methods: A retrospective analysis was
conducted using 307 medical records of patients aged 3 to 17 years. Data collected included
sociodemographic characteristics, nutritional indicators, history of corticosteroid use, vaccination
status against COVID-19, and exposure to environmental pollutants. Asthma severity was assessed
using the pulmonary score, and multiple statistical analyses, including logistic regression using the
Bayesian Logistic Regression Model (BLRM), were employed to identify significant associations.
Results: The analysis revealed a statistically significant impact of the pandemic on hospitalization
rates (p =0.0187) and the use of corticosteroids (p =0.009), indicating changes in asthma management
during this period. Notable differences were observed in the geographic distribution of mild versus
severe asthma cases prior to the pandemic, associated with nutritional status and gender (p = 0.018).
During the pandemic, breastfeeding history, body weight, and hospitalization emerged as significant
predictors of asthma severity (p < 0.05), as identified by the BLRM. Conclusion: These findings
suggest that the pandemic context influenced both the clinical course and management of pediatric
asthma. Preventive strategies should consider individual and environmental factors such as
nutrition, early-life health practices (e.g., breastfeeding), and equitable access to appropriate asthma
care and vaccination. Tailoring pediatric asthma management to these variables may improve
outcomes and reduce disparities in disease severity.

Keywords: asthma; COVID-19; pediatrics

1. Introduction

Asthma is one of the most prevalent chronic respiratory diseases worldwide and a leading cause
of medical consultations among children and adolescents [1,2]. It affects over 250 million people
globally, with many cases diagnosed during childhood, making it a significant public health issue
[3]. In 2019 alone, asthma affected 262 million individuals and accounted for approximately 461,000
deaths [4].
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The development and progression of asthma are influenced by multiple components of an
individual's exposome, particularly the interaction between genetic predisposition and
environmental exposures, which can shape disease severity and prognosis [5]. Asthma is also closely
linked to allergic diseases. Viral respiratory infections can exacerbate allergic responses and trigger
asthma attacks [6]. The World Allergy Organization estimates that 40% of the global population
suffers from allergic conditions, with comparable prevalence rates in tropical and temperate regions
[7].

In Colombia, asthma symptom prevalence has increased from 10.4% to 12% over the past
decade, with notable variability across age groups and geographic regions [8]. Other studies have
reported prevalence rates ranging from 8.8% to 30.8% among children and adolescents [9].

Given asthma's clinical impact and its close association with environmental and allergic factors,
understanding its epidemiological patterns, particularly in pediatric populations is critical. This
study aimed to describe the clinical and epidemiological characteristics of children and adolescents
hospitalized for asthma exacerbations in a tertiary pediatric hospital in Barranquilla, Colombia,
across three periods: before, during, and after the COVID-19 pandemic. The goal was to identify
factors associated with asthma severity and hospitalization, and to support the development of more
effective prevention strategies.

2. Materials and Methods

2.1. Study Area

The study was conducted at a tertiary-level pediatric hospital in Barranquilla, Colombia. This
coastal city is located in a region with a dry tropical climate, characterized by an average annual
temperature of 27°C. The area experiences two main climatic seasons: a dry period from May to
December and a rainy season from April to November. Notably, the rainy season is briefly
interrupted in June and July by southeastern trade winds, a local climatic event known as the San
Juan Summer. The average annual precipitation is approximately 821 mm, with peak humidity levels
typically occurring in September and November [10].

2.2. General Descriptions.

The initial study population consisted of 6,024 children and adolescents aged 3 to 17 years.
Inclusion criteria for follow-up of asthma cases included medical records with a documented
pulmonary score, a confirmed diagnosis of asthma, a visit to the emergency department, and
subsequent hospitalization between 2019 and 2023. Exclusion criteria were a history of liver disease,
renal insufficiency, incomplete medical records, or being under 3 years of age.

After applying these criteria, 307 eligible patients were identified and categorized into three
independent study groups based on their date of hospital admission. The pre-pandemic group
comprised 87 children admitted between January 1, 2019, and January 29, 2020. The pandemic group
included 175 children admitted between January 30, 2020, and May 5, 2023. The post-pandemic group
included patients admitted from May 6 to December 31, 2023.

Statistical Analysis

Data was compiled in Excel matrices using variables extracted from medical records. Each
patient was assigned a double-blind identification code to ensure confidentiality. The analysis
included sociodemographic variables (sex and age) and clinical variables such as nutritional status,
breastfeeding history, pulmonary score, corticosteroid use, COVID-19 vaccination status, and
exposure to environmental pollutants. The pulmonary score was used as the primary response
variable and categorized as mild (0-3), moderate (4-6), or severe (7-9), based on established scoring
criteria for asthma severity.
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Three frequency matrices were created, incorporating both qualitative and quantitative
variables. Contingency table analyses were performed using the chi-square test (x?) for quantitative
comparisons and Fisher’s exact test for qualitative variables, with a significance threshold set at p <
0.05.

Patients were initially classified into three groups based on hospitalization period: pre-
pandemic, pandemic, and post-pandemic. To address sample size imbalances and facilitate
comparison, pulmonary score categories were regrouped into two: mild (0-3) and moderate-to-
severe (4-9). Subsequently, patients were reorganized into two main groups: those hospitalized
before the pandemic and those hospitalized during the pandemic. The distribution of pulmonary
scores for each group is shown in Figure 1 (pre-pandemic) and Figure 2 (pandemic).
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Figure 1. Pulmonary Score — Pre-Pandemic Group of Individuals.
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Figure 2. Pulmonary Score — Group of Individuals During the COVID-19 Emergency and Post-COVID Period.

Correlations between variables and pulmonary score severity were analyzed using the
recategorized score. Categorical variables were numerically coded and analyzed using a binary
logistic regression model (BLRM) with maximum likelihood estimation. Both the logistic regression
model and the log-likelihood ratio test were conducted with a significance level of p <0.05.

Correlations between variables were performed based on the redistribution of the pulmonary
score. Categorical variables were converted into numerical values and analyzed using a binary
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logistic regression model (BLRM) with maximum likelihood estimation. For both analyses the binary
logistic regression model and the Log-Likelihood Ratio test the significance level was set at p <0.05.

3. Results

Comparative analysis of clinical variables across the three study periods pre-pandemic, COVID-
19 emergency, and post-pandemic revealed several statistically significant differences. Notably,
hospitalization rates varied significantly between periods (p = 0.008), with an increase during the
pandemic. A significant difference was also observed in sex distribution across the periods (p =0.003),
as well as in nutritional status by sex during the pre-pandemic period (p = 0.018).

There were significant changes in the use of corticosteroids, with higher usage observed during
the pandemic (p = 0.009). Likewise, COVID-19 vaccination status showed expected variation across
periods (p < 0.001), reflecting the timeline of vaccine availability. Additionally, exposure to
environmental pollutants differed significantly between groups (p = 0.010), with higher reported
exposure pre-pandemic.

No statistically significant differences were found for variables such as age group (infant vs.
adolescent), breastfeeding status, or pulmonary score distribution by sex across the study periods.
See Table 1

Table 1. Clinical Variables Across Three Periods: Pre-Pandemic, COVID-19 Emergency, and Post-COVID-19

Emergency.
Geographic distribution Hospitalization (Yes %) Hospitalization (No %) X2
Pre-pandemic
Barranquilla 23 (26) 34 (39)
Metropolitan area 7(8) 23 (26)
Emergency Covid-19 *0.008
Barranquilla 67 (38) 37 (21)
Metropolitan area 58 (33) 13 (8)
Emergency post Covid
Barranquilla 17 (38) 17 (38)
Metropolitan area 10 (22) 1(2)
Gender Female (%) Male (%) X2
Pre-pandemic 32 (37.78) 55 (63.21)
Emergency Covid-19 79 (45.21) 96 (54.85) *0.003
Emergency post Covid 11 (24.44) 34 (75.55)
Infants/Adolescents Infants (%) Adolescents (%) X2
Pre-pandemic 77 (88.5) 10 (11.49)
Emergency Covid-19 157 (88.5) 18 (10.28) 0.091
Emergency post Covid 35 (88.88) 10 (11.11)
Nutritional status Female (%) Male (%) X2
Pre-pandemic
Malnutrition 0 (0) 1(1.1)
Appropriate 30 (34.82) 37 (42.52) *0.018
Overweight 2(2.2) 10 (11.49)
Obesity 0 (0) 7 (8.04)

Emergency Covid-19
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Malnutrition 3 (1.71) 4 (2.28)
Appropriate 65 (37.14) 70 (40) 0.303
Overweight 6 (3.42) 15 (8.57)
Obesity 7 (4) 5 (2.28)
Emergency post Covid
Malnutrition 0 (0) 1(2.22)
Appropriate 11 (24.4) 26 (57.77) 0.612
Overweight 0 (0) 4 (8.8)
Obesity 0 (0) 3 (6.6)

Breastfeeding patients Infants (%) No Infants (%) X2
Pre-pandemic 34 (39) 53 (61)
Emergency Covid-19 67 (38) 108 (62) 0.078
Emergency post Covid 25 (56) 20 (44)

Statistical test X?. *p < 0.05. Significant differences.

Table 1. continued. Clinical Variables Across Three Periods: Pre-Pandemic, COVID-19 Emergency, and Post-

COVID-19 Emergency.

Pulmonary score Female (%) Male (%) X2
Pre-pandemic
Slight (0-3) 29 (33.33) 49 (56.32)
Moderate (4-6) 2(2.29) 6 (6.8) 0.416
Severe (7-9) 1(1.14) 0(0)
Emergency Covid-19
Slight (0-3) 65 (37.14) 80 (45.71) 0.932
Moderate (4-6) 13(7.42) 14 (8)
Severe (7-9) 1(0.5) 2 (1.14)
Emergency post Covid
Slight (0-3) 10 (22.22) 31 (68.88)
Moderate (4-6) 0 (0) 3 (6.6) 0.357
Severe (7-9) 1(0.2) 0(0)
Use of corticosteroids Yes (%) No (%) X2
Pre-pandemic 30 (34.48) 57 (65.51)
Emergency Covid-19 88 (50.28) 87 (49.71) *0.009
Emergency post Covid 27 (60) 18 (40)
Covid-19 vaccine Yes (%) No (%)
Pre-pandemic 0 (0) 87 (100)
Emergency Covid-19 47 (27) 128 (73) *0.000
Emergency post covid 20 (44) 25 (56)
Exposure to contaminants Yes (%) No (%) X2
Pre-pandemic 42 (48) 45 (52)
Emergency Covid-19 52 (30) 123 (70) *0.010
Emergency post Covid 14 (31) 31 (69)
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3.1. Redistribution of Pulmonary Scores in the Recategorization Process

The frequency distribution of pulmonary scores by severity mild (0-3), moderate (4-6), and
severe (7-9) revealed that only a small number of patients fell into the severe category (7-9) across all
study periods (see Table 1, Figures 1 and 2). This pattern underscores the predominance of mild and
moderate asthma exacerbations among hospitalized children during the analyzed timeframe. These
findings highlight the need to assess how the COVID-19 pandemic and other contributing factors
may have influenced hospitalization trends and asthma severity. Such evidence is essential for
guiding future research on social and clinical determinants of health in pediatric populations at risk.

3.1.1. Binary Logistic Regression Model Analysis — Pre-Pandemic Group

A binary logistic regression analysis was performed for the infant group in the pre-pandemic
period, using the regrouped pulmonary score as the dependent variable (mild [0-3] vs.
moderate/severe [4-6]). The independent variables were selected based on those described in Table
1, including sex, age, weight, and breastfeeding history.

As shown in Table 2, the overall model was not statistically significant, indicating limited
predictive value for distinguishing between mild and moderate/severe asthma cases in this group.
The model explained approximately 10.9% of the variability in pulmonary score classification (R? =
0.109), and none of the individual variables—including sex, age, weight, and breastfeeding—
demonstrated a statistically significant association with asthma severity. These findings suggest that
other, unmeasured factors may play a more prominent role in determining exacerbation severity in
the pre-pandemic infant population.

Table 2. Logistic Regression Analysis for the Pre-Pandemic Group, with Pulmonary Score Recategorized as Mild
(0-3) and Moderate/Severe (4-6).

Log-Likelihood Ratio p-

Variable Pulmonary score R2 (BLRM) P - Value

value
Breastfeeding >03
Weight Mild (0-3) 0.1091 >0.3 *0.3887
Hospitalization =~ Moderado/grave (4-6) 0.371
Age >0.3

Binary Logistic Regression Model (BLRM), p < 0.05. Response variable: Pulmonary Score (PS). "Log-Likelihood
Ratio p-value.

3.1.2. Binary Logistic Regression Model Analysis of Infants Evaluated During the COVID-19
Pandemic Period

The binary logistic regression model (R?) accounts for approximately 10.9% of the variability in
the classification of mild versus moderate cases. The odds ratio indicates that the model as a whole
is not statistically significant. Additionally, variables such as sex, age, weight, and breastfeeding do
not show a meaningful impact on the prediction. However, for the group of individuals during the
pandemic, the model is statistically significant, with breastfeeding, weight, and hospitalization
admission emerging as the variables most strongly associated with the response variable (Pulmonary
Score).

3.1.3. Binary Logistic Regression Model Analysis — COVID-19 Pandemic Period

A binary logistic regression analysis was conducted for infants evaluated during the COVID-19
pandemic period, using the dichotomized pulmonary score (mild [0-3] vs. moderate/severe [4-6]) as
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the dependent variable. The model accounted for approximately 10.9% of the variance in asthma
severity classification (R?=0.109).

Unlike the pre-pandemic group, the model for the pandemic period was statistically significant
overall, suggesting a meaningful relationship between selected variables and asthma severity during
this timeframe. Among the predictors analyzed, breastfeeding history, weight, and hospitalization
status were the variables most strongly associated with the pulmonary score outcome. In contrast,
sex and age did not contribute significantly to the model.

These results indicate that specific clinical and perinatal factors gained predictive relevance
during the pandemic, possibly reflecting shifts in exposure patterns or healthcare access affecting
asthma management in infants. see Table 3

Table 3. Logistic regression analysis for the COVID-19 Emergency group, with recategorized pulmonary score:
mild (0-3), moderate/severe (4-6).

Variable Pulmonary score  R? (BLRM) P - Value Log-Likelihood Ratio p-value
Breastfeeding *0.022

Weight Leve (0-3) 0.891 0.087 *0.0097
Hospitalization Moderado/grave (4-6) *0.012

Age 0.162

Binary Logistic Regression Model (BLRM), p < 0.05. Response variable: Pulmonary Score (PS). "Log-Likelihood

Ratio p-value.

4. Discussion

This study provides a comprehensive overview of the clinical and epidemiological
characteristics associated with asthma as a leading cause of hospitalization among children and
adolescents at a tertiary pediatric center in Barranquilla, Colombia. The findings offer insights into
how various clinical, social, and environmental factors influence the development, severity, and
management of pediatric asthma.

One of the most notable findings was the variation in asthma-related hospitalization rates across
the different study periods. Geographic differences observed during the COVID-19 emergency
suggest that the pandemic may have affected both the incidence and the clinical management of
asthma exacerbations at the local level [11]. This may be partially explained by an increase in viral
respiratory infections during the pandemic. Previous research has demonstrated that viruses,
particularly respiratory syncytial virus (RSV), increase the risk of both asthma development and
symptom exacerbation [12].

Nutritional status emerged as another key factor, particularly with gender-specific differences,
as shown in Table 1. Notably, males exhibited more pronounced variations. Overweight and obesity
have been linked to a higher risk of asthma exacerbations [13] and reduced responsiveness to certain
treatments [14]. Conversely, undernutrition may impair immune and pulmonary function, thereby
worsening asthma symptoms [15]. These findings underscore the importance of incorporating
nutritional assessment and intervention into comprehensive pediatric asthma care.

Both ends of the malnutrition spectrum obesity and undernutrition can influence asthma
severity and disease control. Obesity may promote systemic inflammation and blunt response to
standard therapies [16], while undernutrition increases vulnerability to infections and complications.
These effects are likely amplified in socioeconomically vulnerable settings, such as food-insecure
households in Colombia’s Caribbean region [17].

Another notable observation was the pattern of corticosteroid use, which increased during the
pandemic contrasting with findings from our study. This inconsistency may reflect the uncertainty
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and rapid adaptation of new clinical protocols by healthcare providers [18], aimed at minimizing
complications [19]. The overlap of asthma and SARS-CoV-2 infection may have prompted more
aggressive corticosteroid treatment to control inflammation and prevent adverse outcomes [20].
Nonetheless, it remains essential to balance benefits and risks of corticosteroid use, especially during
viral outbreaks, and to align with international clinical guidelines [21,22].

Beyond clinical factors, the broader social and environmental context of Barranquilla—
Colombia’s most important Caribbean coastal city may also contribute to asthma outcomes. Rapid
industrial expansion has led to increased pollution [23], which may be driving the growing
prevalence and severity of asthma among children [24].

Epidemiologically, binary logistic regression models have shown that variables such as sex, age,
race, household poverty, and family structure when adjusted for residential location—can help
explain the rising burden of asthma in younger populations. This highlights the need for localized
public health strategies targeting structural determinants of health. One such approach includes
implementing systems to monitor severe asthma cases from hospital discharge through home-based
care [25].

Another relevant factor in our findings was vaccination coverage. Children and adolescents with
up-to-date vaccination schedules were more frequently represented among asthma cases. Although
early concerns were raised about the safety of COVID-19 vaccines in allergic individuals [26], current
evidence supports their safety and tolerability in patients with asthma. Moreover, vaccination may
contribute to better asthma control by reducing respiratory infection risks [27].

Subdividing the pediatric population into pre- and post-pandemic periods allowed for better
classification of moderate and severe asthma cases and revealed an increase in hospitalizations. A
significant proportion of children were prone to severe asthma, with key variables—including
breastfeeding, weight, and previous hospitalization—having a meaningful impact on pulmonary
scoring.

Breastfeeding was associated with a lower likelihood of moderate-to-severe asthma (p = 0.022),
supporting its protective role against respiratory conditions in early childhood. Similarly, both body
weight and hospitalization history were significantly associated with disease severity (p < 0.05),
indicating their influence on asthma progression during the pandemic.

These patterns may be explained by lifestyle changes, reduced access to healthcare, and shifts in
environmental exposure due to pandemic lockdowns. As such, the findings reinforce the importance
of accounting for the broader epidemiological context when designing asthma prevention and
treatment strategies. The contrast between the pre-pandemic and COVID-19 emergency periods
suggests that the pandemic not only altered risk exposure but may also have contributed to both the
escalation and potential mitigation of pediatric asthma.

5. Conclusions

This study highlights the multifactorial nature of asthma in children and adolescents,
emphasizing the influence of clinical, nutritional, environmental, and socioeconomic variables on
disease severity and hospitalization. The COVID-19 pandemic served as a key inflection point,
exposing shifts in healthcare access, treatment approaches, and risk exposure that impacted asthma
outcomes.

Findings underscore the protective role of breastfeeding, the significance of nutritional status,
and the implications of prior hospitalization in determining asthma severity. While corticosteroids
remain central to asthma management, their use must be carefully weighed, especially during viral
outbreaks such as COVID-19. Additionally, the observed association between up-to-date vaccination
schedules and asthma cases supports the safety and potential benefit of immunization in respiratory
disease control.

Environmental and structural factors, particularly in rapidly urbanizing regions like
Barranquilla, must be integrated into public health strategies. Interventions should prioritize
targeted, community-based approaches that address food insecurity, pollution, and healthcare
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inequities. Continued monitoring and research are essential to inform policies and ensure effective,
context-specific asthma management for pediatric populations in similar settings.
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R? Coefficient of determination
COVID- 19 Coronavirus Disease 2019
MDLB Binary Logistic Regression Model
SARS-CoV-2 Severe Acute Respiratory Syndrome due to Coronavirus 2
VSR Respiratory Syncytial Virus
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