


Short communication

Influenza A in Children in David-Chiriqui, Panama.




Abstract 

Influenza is common in children and is associated with a high hospitalization rate, especially for children under 5 years of age. Studies conducted worldwide have shown that hospitalization rates associated with laboratory-confirmed influenza have varied significantly between seasons before and after the COVID-19 pandemic. In this study, conducted from 2019 to 2023, we collected nasopharyngeal swab samples from children under five years of age at the Jose Domingo de Obaldia Maternal and Children`s Hospital in David-Chiriqui; where we detected influenza A (H3N2) and influenza A (H1N1) strains, with the A (H3N2) strain being the most common during the study. Research has shown that the influenza virus is seasonal, and that influenza A (H3N2) is undergoing unprecedented evolutionary genetic changes. Therefore, maintaining epidemiological surveillance of influenza in David-Chiriqui and strengthening molecular studies can contribute to the improvement of new designs in the production of influenza vaccines.
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INTRODUCTION

Seasonal influenza has been shown to be the cause of large numbers of hospitalizations and deaths worldwide (Brody, 2019). The total number of respiratory deaths associated with seasonal influenza worldwide was 291,243.00 to 645,832.00, with incidence rates differing among populations depending on age and health status (Iuliano et al., 2018). The highest rates of infection are observed in young children aged 5 years or younger (Javanian  et al., 2021), with acute respiratory infections being one of the leading causes of mortality in children under five years of age (Zhang et al., 2024).
In Latin America, the lack of accessible, good-quality data makes it difficult to estimate the burden of influenza in order to have accurate figures on information about influenza-related mortality and morbidity (Savy et al., 2013).
Influenza is an acute respiratory infection caused by a negative-strand RNA virus of the Orthomyxoviridae family (Barberis et al., 2016). There are three distinct types of influenza viruses that infect humans: influenza A, B, and C (Barberis et al., 2016). Influenza A is more susceptible to antigenic variation and is therefore the cause of large pandemics (Barberis et al., 2016). The surface of the virion envelope is covered by the hemagglutinin (HA), neuraminidase (NA), and matrix proteins (Barberis et al., 2016). Antigenic variation is associated with changes in the HA or NA surface proteins and is usually classified as antigenic drift or shift (Barberis et al., 2016). Each influenza A subtype is characterized by the numbering of the HA and NA proteins (e.g., H3N2, H5N1) (CDC. 2017).
[bookmark: _Hlk143780707]Currently, influenza A (H1N1), A (H3N2), and influenza B are circulating in humans (CDC. 2017). Transmission of influenza occurs through droplets from an infected person or through contact with people or fomites (Iuliano et al., 2018). The influenza A (H3N2) virus subtype that emerged in 1968 was associated with increased influenza morbidity and mortality worldwide until 1972 (Wozniak-Kosek et al., 2014; Økland et al., 2019). The ongoing impact of the A (H3N2) strain on global public health has been substantial, as it is considered one of the most common acute respiratory illnesses in children, associated with high hospitalization costs and mortality. The years 2017 to 2018 were particularly severe, with record-high hospitalization rates reported (Jester et al., 2020). While influenza A (H1N1) was the dominant scourge in the early 20th century, responsible for major epidemics, the A (H3N2) strain has been the predominant cause of influenza disease burden in the early 21st century (Jester et al., 2020). 
In Latin America, respiratory diseases represent a substantial burden of hospitalizations (Jara et al., 2019). In Costa Rica, El Salvador, Guatemala, Honduras, and Nicaragua, hospitalizations due to influenza and pneumonia occurred annually between 2009 and 2012, totaling approximately 313,500 cases among children under five years of age (Jara et al., 2019). In Panama City, studies conducted from 2011 to 2017 in children under five years of age showed that 99% of confirmed cases tested positive for influenza A (H1N1), which was the predominant circulating strain during that period; influenza A (H3N2) and influenza B were also detected (Pascale et al., 2021).
This study documents outbreaks of influenza A (H3N2) and A (H1N1) strains circulating among children under five years of age who were treated at the Jose Domingo de Obaldia Maternal and Children’s Hospital (HMJDO) in David-Chiriqui, Panama, from 2019 to 2023.
A total of 2,696 nasopharyngeal swab samples were collected from children under five years of age within 72 hours of the onset of influenza-like symptoms. The samples were obtained in the following years: 2019 (885), 2020 (100), 2021 (220), 2022 (745), and 2023 (746). These children were either hospitalized or evaluated at the pediatric emergency room at HMJDO in David-Chiriqui, located 441.5 kilometers west of Panama City.
This research was conducted with the approval of the HMJDO Bioethics Committee in accordance with local laws and institutional requirements. The patients' personal data was deleted.
At HMJDO, the standardized protocol established by the Gorgas Memorial Institute Panama’s national reference laboratory for influenza studies is followed. RNA was extracted from the collected samples using the QIAamp Viral RNA Mini Kit (QIAGEN, Hilden, Germany) according to the manufacturer’s instructions. Real-time reverse transcription polymerase chain reaction (RT-PCR) was performed using specific primers for the detection of influenza A, following the protocol described by Nieto-Guevara et al. (2011). From 2019 to 2023, two circulating strains of influenza A were detected at HMJDO in David, Chiriquí: A (H3N2) and A (H1N1). Among these, influenza A (H3N2) was the more frequently circulating strain compared to A (H1N1), which was detected less frequently during the study period (Table 1). In 2020, during the COVID-19 pandemic, detection of influenza A (H1N1) dropped to zero, while only two positive cases of influenza A (H3N2) were identified. Both strains showed high outbreak peaks between the months of May and September in each year from 2019 to 2023 (Figure 1). All positive samples were obtained from children treated at the emergency room at HMJDO. According to data reported by the Panamanian Ministry of Health (WHO, 2025), deaths due to influenza among children have occurred in David-Chiriquí as well as in other parts of the country during the period from 2019 to 2023.
DISCUSSION
Seasonal influenza first emerged in 1968, and since then, the A (H3N2) strain has circulated continuously among the human population. It is currently the leading cause of influenza-related morbidity and mortality worldwide (Wozniak-Kosek et al., 2014; Økland et al., 2019). Influenza A (H3N2) has had a disproportionate impact on children and adults over 65 years of age globally (Perofsky et al., 2024). Panama is not exempt from this burden; epidemiological data show a high morbidity rate that increases the risk of complications, with the country experiencing higher average hospitalization rates during seasonal influenza outbreaks (Pascale et al., 2021; Ministry of Health of Panama WHO, 2025).
The effects of influenza epidemics in developing countries, including those in Latin America, are not well documented; however, estimates indicate that 99% of influenza-related deaths among children under five years of age occur in low- and middle-income countries (Nair et al., 2011). In our study, the A (H3N2) strain circulated at a higher rate compared to A (H1N1) between 2019 and 2023. This finding is consistent with previous studies conducted in David-Chiriqui, in 2015 by Castillo Vigil & Saldaña, (2020), but contrasts with surveillance studies conducted in Panama between 2011 and 2017, in which the dominant strain was influenza A (H1N1) (Pascale et al., 2021). Our findings also align with other surveillance studies in Latin America showing that influenza A (H3N2) was the predominant strain in countries such as Nicaragua from 2017 to 2020 (Hoy et al., 2023). Moreover, another study reported that this strain was also predominant in the United States in 2019 (Perofsky et al., 2024). However, these findings differ from those reported in Mexico, where influenza A (H1N1) was more frequently detected between 2019 and 2020 (Ríos-Silva et al., 2022). Similar trends were observed in some European countries; for example, in Italy, influenza A (H3N2) was the dominant strain during 2021-2022, with a newly identified phylogenetic composition (Galli et al., 2023). In contrast, in England, both A (H3N2) and A (H1N1) strains co-circulated during the 2018–2019 season (Pebody et al., 2020).
Our study also showed that during the year of the COVID-19 pandemic, the frequency of influenza A outbreaks was markedly reduced, with only two positive samples detected for influenza A (H3N2) and none for influenza A (H1N1). During the COVID-19 pandemic, Panama, like the rest of the world, implemented numerous restrictive public health measures. These restrictions likely had a significant impact on the transmission of other respiratory pathogens such as influenza A (Jurkowicz et al., 2023; Siegers et al., 2021; Uyeki et al., 2021). However, as the pandemic progressed and restrictions were gradually lifted, outbreaks of influenza A (H3N2) were observed in the subsequent years (Galli et al., 2023).

Since the 1960s, influenza-related illness and mortality have been significant worldwide; however, they have not approached the impact of the A (H1N1) virus that emerged in 1918 (Barberis et al., 2016; da Costa et al., 2020). Nevertheless, virologists have noted that the cumulative global impact of A (H3N2) infections over the past 50 years has been substantial (Jester et al., 2020). Researchers suggest that the greater impact of A (H3N2) viruses in recent years may be due to the fact that this strain undergoes antigenic changes at a much faster rate than A (H1N1) viruses (Visher et al., 2016). Frequent changes in the hemagglutinin protein have enabled A (H3N2) viruses to evade human immune responses through conformational modifications around key antigenic sites, particularly the receptor-binding site (Galli et al., 2023; Villa and Lässig 2017). Virologists argue that the "success" of influenza viruses lies in their segmented double-stranded RNA genome, which allows for frequent mutations and genetic reassortment events, thereby enabling rapid evolution and effective evasion of host immunity through modifications of their surface proteins (Lyons et al., 2018). Phylogenetic trees illustrating the evolutionary changes in influenza A (H3N2) viruses reveal a rapid, sequential replacement of one antigenic type by another (Villa and Lässig, 2017). Over the past decade, significant advances in understanding these phylogenetic patterns have been achieved, largely due to developments in bioinformatics tools for studying transmission dynamics and viral evolution (Villa and Lässig, 2017). In our analysis at HMJDO, we observed that outbreaks in David-Chiriquí, occurred consistently in the middle of each year, which is in agreement with previous studies conducted in Panama City (Pascale et al., 2021). This period coincides with the rainy season throughout Panama, which is associated with increased relative humidity. Similar findings have been reported in other Central American countries with tropical climates like Panama, where high temperatures and humidity levels favor influenza virus survival. Conversely, in more temperate regions such as Guatemala, low relative humidity has been associated with greater virus survival and transmission among the population (Soebiyanto et al., 2014). A similar positive association between high humidity, temperature, and influenza transmission has also been documented in several Asian countries (Chadha et al., 2012; Dosseh et al., 2000). Asia has long been recognized as a major source of not only new influenza strains but also new seasonal influenza lineages (Bedford et al., 2015). Currently, influenza A (H3N2), A (H1N1), and two influenza B lineages co-circulate in the human population, with A (H3N2) being the leading cause of disease (Allen and Ross, 2018). Studies conducted in Asia (Chua et al., 2021) and Europe (Kissling et al., 2019) have shown that influenza vaccines for children aged 2 to 17 years were highly effective against A (H1N1), but not significantly effective against A (H3N2). In England, a study demonstrated that the A (H3N2) virus circulating in 2019 showed clear epidemic activity and a novel phylogenetic composition (Pebody et al., 2020). Phylogeographic analyses have shown that East, South, and Southeast Asia disproportionately contribute to the evolution of seasonal influenza A (H3N2), exporting the majority of antigenically successful strains that eventually spread globally (Gong et al., 2018). The trunk of the A (H3N2) phylogeny, representing the evolutionary trajectory of the most successful lineage, was estimated to be located in Asia 87% of the time between 2000 and 2010 (Gong et al., 2018; Allen and Ross, 2018). We suggest that ecological differences across regions, such as climate and human demography, influence the local antigenic evolution of A (H3N2), which in turn shapes its global migration patterns.
Currently, influenza-related deaths in Panama are included in the list of notifiable conditions by the Ministry of Health (WHO, 2025). Influenza diagnostic testing, antiviral medications with various mechanisms of action, and vaccines are available in many clinical settings for the diagnosis and treatment of seasonal influenza in Panama.
CONCLUSION
Given the evidence that influenza viruses cause mortality in both children and adults, we emphasize the urgent need to strengthen epidemiological surveillance of circulating influenza strains. This study highlights the importance of enhancing influenza virus monitoring in Panama. We recommend conducting additional experiments and genomic sequencing analyses of these influenza virus genotypes to identify possible genetic reassortment events, zoonotic potential, and viral genome evolution. Such results would be both valuable and impactful, as they could represent a significant contribution to global knowledge. Panama has the potential to provide critical data that could support international efforts in the design and development of more effective influenza vaccines.
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Table 1: Detection of Influenza A (H3N2) and A (H1N1) in Nasopharyngeal Swab Samples Using Real-Time RT-PCR in Children Under Five Years Treated at the Jose Domingo de Obaldia Maternal and Child Hospital, David-Chiriqui, Panama.

	Years
	Samples
	A (H 3 N2)
	A (H1N1)

	2019
	885
	39 (4.4%)
	11 (1.2%)

	2020
	100
	2 (2%)
	0 (0%)

	2021
	220
	18 (8.1%)
	2 (0.9%)

	2022
	745
	31 (4.2%)
	0

	2023
	746
	8 (1.07%)
	4 (0.53%)

	
	
	
	

	Total
	2,696.00
	96
	19













Figure 1. Circulation of Influenza A (H3N2) and A (H1N1) Strains from 2019 to 2023 detected in Children Under Five Years of Age treated at the Jose Domingo de Obaldia Maternal and Child Hospital in David-Chiriquí, Panama.
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