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ABSTRACT 

	Respiratory syncytial virus (RSV) is a leading cause of lung infections in young children, especially in countries like Yemen. Hospital studies show high RSV rates among children under five, but many cases in the community go unreported. This Minireview seeks to address the critical data gap by synthesising available RSV literature within the context of Yemen’s health system. It explores national and regional epidemiological patterns, identifies risk factors unique to the Yemeni population, and examines barriers to effective surveillance and immunisation. Factors like indoor air pollution, tobacco smoke, poor nutrition, and crowded living conditions make the problem worse. Yemen’s health system struggles to respond due to conflict, limited resources, and weak surveillance. While new tools like RSV vaccines and monoclonal antibodies are now available in wealthy countries, Yemen is not yet ready to use them. Unlike Spain, which rolled out RSV protection successfully, Yemen lacks plans and funding to do the same. Moreover, the country is not integrated into the WHO's Global Influenza Surveillance and Response System, depriving policymakers of seasonality data critical for vaccine timing. Without proper data and tracking, it’s hard to know when and where the virus spreads. This review calls for better surveillance, training for healthcare workers, and stronger public health planning. Global partnerships and support are key to helping Yemen join the fight against RSV. Improving awareness and preparing the country for future vaccine rollouts will protect vulnerable children and close the gap between Yemen and other countries.
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1. INTRODUCTION 

Respiratory Syncytial Virus (RSV) is an enveloped, negative-sense single-stranded RNA virus belonging to the Pneumoviridae family. It remains one of the leading causes of acute lower respiratory tract infections (ALRTIs) among infants and young children globally. RSV primarily presents as bronchiolitis and pneumonia in children under two years, contributing significantly to pediatric morbidity and mortality, especially in resource-limited settings (Daniels, 2024; Mulot et al., 2022). Nearly every child experiences RSV infection by age two, with reinfections common throughout life due to incomplete and short-lived immunity (Obando-Pacheco et al., 2018).
The virus's structure plays a key role in its ability to infect host cells and evade immune detection. Figure 1 illustrates the key components of RSV, including the fusion (F) and attachment (G) glycoproteins that facilitate cell entry and replication. These proteins are major targets for current immunisation strategies and therapeutic development. The pathophysiological cascade—beginning with epithelial invasion and followed by immune activation and mucus overproduction- results in airway obstruction, particularly dangerous in infants with narrow bronchial passages.
[bookmark: _Hlk205071713]Interleukin-10 (IL-10) is a key regulator of immune homeostasis (Mohammed et al., 2021), as an immune-regulatory cytokine (Fergany et al., 2025), so it plays a critical role in the pathogenesis of RSV bronchiolitis and subsequent airway hyperresponsiveness (Schuurhof et al., 2011). PD-L1 is responsible for T cell activation, proliferation, and cytotoxic secretion (Abdel Hafeez et al., 2021), so therapeutic strategies that target the PD-L1-PD-1 pathway might increase antiviral immune responses to RSV (Telcian et al., 2011). RSV increases the permeability of the bronchial airway epithelial monolayer via VEGF induction (Kilani et al., 2004); the latter is considered a key regulator in angiogenesis and an important driver of neovascularisation (Khallaf et al., 2021). Toll-like receptors 4 (TLR4), play a considerable role in the host defence against microorganisms and contributes to pulmonary RSV pathogenesis and activation of cellular immunity (Marzec et al., 2019). TGF-β1 is a key regulator of immune homeostasis (Abdel Hammed et al., 2022) and acts as a major regulator of RSV dendritic cells -T-cell responses, which could contribute to immunopathology (Thornburg et al., 2010).

Global epidemiological data estimate that RSV accounts for over 33 million ALRTI cases annually, leading to approximately 3 million hospitalisations and up to 118,000 deaths in children under five years old. Alarmingly, the majority of these deaths occur in low- and middle-income countries (LMICs), where healthcare access and surveillance systems are often limited or fragmented (Shi et al., 2017; Wu et al., 2024). These figures may still underestimate the true burden, as facility-based data often fail to capture mortality occurring outside hospitals. In LMICs, a substantial portion of RSV-related deaths transpire in community settings, particularly among infants younger than six months (Srikantiah et al., 2021).
Yemen presents a critical case in point. Decades of civil conflict and humanitarian crises have severely impaired its healthcare infrastructure. Fragmented health systems, inconsistent access to care, and interruptions to national disease surveillance programs have become major obstacles to accurate disease estimation and prevention efforts (Qirbi & Ismail, 2017). Malnutrition affects over 45% of children under five in Yemen, increasing susceptibility to infectious diseases like RSV (Al-Taj et al., 2025). Environmental and behavioural factors—such as exposure to indoor air pollution, lack of access to clean cooking fuel, overcrowded living conditions, and limited exclusive breastfeeding- further elevate RSV severity and transmission risk.
The most recent RSV surveillance report from Yemen, dated between 2014 and 2015, indicated a 41.1% RSV positivity rate among severe acute respiratory infection (SARI) cases (Al-Taj et al., 2025). Yet, since then, no updated epidemiological data have been published. This absence of current national-level reporting hinders timely public health interventions and leaves policymakers unable to respond effectively to seasonal RSV outbreaks. The lack of reliable baseline data also complicates the introduction of novel immunisation strategies, such as monoclonal antibodies and candidate RSV vaccines, which require detailed burden assessments and preparedness planning. Treatment of RSV infection is largely supportive, with modalities such as bronchodilators, epinephrine, corticosteroids, and hypertonic saline. Meanwhile, no vaccines have proven effective in preventing RSV infection. Nevertheless, various RSV vaccines, including particle-based, vector-based, live-attenuated or chimeric, and subunit vaccines, are in various stages of clinical trials (Qiu et al., 2022). 
Promising tools like nirsevimab, a long-acting monoclonal antibody shown to reduce RSV-related hospitalisations in infants, have demonstrated efficacy in global clinical trials (Hammitt et al., 2022). However, the feasibility of implementing such interventions in Yemen remains low due to constrained resources and the absence of comprehensive surveillance data. Without measurable disease burden estimates, Yemen risks being further marginalised in global immunisation initiatives and vaccine allocation schemes.
[image: Structure of the coronaviruses]This Minireview seeks to address the critical data gap by synthesising available RSV literature within the context of Yemen’s health system. It explores national and regional epidemiological patterns, identifies risk factors unique to the Yemeni population, and examines barriers to effective surveillance and immunisation. In doing so, it contributes to a broader dialogue on equitable infectious disease prevention and underscores the need for tailored public health solutions in countries affected by prolonged crises and limited resources.Figure 1:  Structure of Respiratory Syncytial Virus
Source: Cusabio. Pathophysiology of RSV: Structure, Entry and Immune Response.https://www.cusabio.com/infectious-diseases/respiratory-syncytial-virus.html


2. methodology 

This Minireview utilises a narrative synthesis approach, drawing on peer-reviewed literature published between 2017 and 2025 to explore the epidemiology of respiratory syncytial virus (RSV) in Yemen within a global context. A targeted selection of nine studies was reviewed, encompassing global RSV seasonality, burden of disease in LMICs, risk factors in Yemen, and the impact of preventive tools. Priority was given to multicenter studies, systematic reviews, and national-level surveillance data relevant to pediatric populations. Key themes, including disease burden, surveillance gaps, risk factors, and immunisation strategies, were extracted to construct an integrated overview suitable for highlighting public health challenges in conflict-affected settings like Yemen.

3. results and discussion
Respiratory Syncytial Virus (RSV) is a major contributor to pediatric morbidity and mortality worldwide, particularly among infants and young children under five years of age (Shi et al., 2017). In low- and middle-income countries (LMICs), RSV burden remains disproportionately high due to structural health challenges and underdeveloped surveillance systems. Yemen, in particular, exemplifies the vulnerabilities faced by conflict-affected nations grappling with limited resources, fragmented health infrastructure, and underinvestment in immunisation and diagnostics. Despite growing global awareness of RSV and advances in vaccine and monoclonal antibody development, Yemen remains significantly underrepresented in epidemiological reporting and public health preparedness.
Burden of RSV in Yemen
Hospital-based studies from Yemen indicate alarmingly high RSV positivity rates among children under five. A landmark study in Sana’a reported a 35% positivity rate among SARI cases (Al-Sonboli et al., 2005), while more recent data from 2014–2015 show a rate of 41.1% (Al-Taj et al., 2025). These findings suggest substantial circulation of RSV; however, they are based only on hospitalised cohorts, thus failing to account for community-level infections and RSV-related mortality that occurs outside formal health facilities. Similar gaps have been observed in other LMICs such as Nigeria and Bangladesh, where household-based surveillance has revealed significant unreported disease burden (Rahman et al., 2022; Olajide et al., 2023).
Yemen’s vulnerabilities are compounded by factors such as widespread malnutrition (affecting over 45% of children under five), exposure to indoor pollutants from biomass fuels, tobacco smoke, overcrowding, and inconsistent breastfeeding practices—all of which heighten susceptibility to respiratory infections (Al-Taj et al., 2025). These social and environmental determinants are echoed in countries like Mozambique and India, where RSV is similarly aggravated by socio-economic stressors (Chadha et. al., 2022; WHO, 2024).
Hospital-based studies from Yemen indicate alarmingly high RSV positivity rates among children under five. A landmark study in Sana’a reported a 35% positivity rate among SARI cases (Al-Sonboli et al., 2005), while more recent data from 2014–2015 show a rate of 41.1% (Al-Taj et al., 2025). Earlier work by Al-Sonboli et al. (2006) also highlighted the co-circulation of RSV and human metapneumovirus in Yemeni children, reinforcing the long-standing burden of respiratory viruses and the need for multiplex diagnostic approaches. These findings suggest substantial circulation of RSV; however, they are based only on hospitalized cohorts, thus failing to account for community-level infections and RSV-related mortality that occurs outside formal health facilities.
Surveillance and Diagnostic Limitations
One of the most pressing issues in Yemen’s fight against RSV is the lack of standardised and ongoing surveillance. The country has no recent national epidemiological data beyond 2015, and is not integrated into the WHO’s Global Influenza Surveillance and Response System (GISRS), which is being used to expand RSV tracking globally (WHO, 2024). In contrast, countries such as Kenya and South Africa have adopted GISRS-linked sentinel surveillance sites that allow for timely seasonal monitoring and strain characterisation (Nyawanda et al., 2023; Moyes et al., 2023).
Diagnostic tools for RSV remain largely absent across Yemeni hospitals. Most facilities rely on clinical symptoms rather than laboratory confirmation, resulting in inconsistent case definitions. Moreover, point-of-care RSV tests, widely used in other LMICs, are not routinely available in Yemen due to procurement challenges and supply chain disruptions. This leads to significant underestimation of RSV burden and hinders effective health planning.

Table 1: Comparative Overview of RSV Surveillance and Vaccine Readiness

	Country
	Surveillance Status
	Vaccine Readiness
	Community Data Available
	Key Barriers

	Yemen
	Hospital-based (2015)
	Very Low
	No
	Conflict, poor infrastructure

	Kenya
	GISRS-linked sentinel
	Moderate
	Yes (limited studies)
	Supply chain challenges

	India
	GISRS-integrated
	High
	Yes
	Seasonal variability

	Bangladesh
	NGO-supported household
	Moderate
	Yes
	Funding and coordination

	South Africa
	National trial network
	High
	Yes
	Regulatory delays


Sources: Al-Taj et al. (2025); Moyes et al. (2023); WHO (2024); Rahman et al. (2022)


Vaccine Development and Equity Gaps
Over the past few years, RSV preventive tools have rapidly evolved, with the WHO now recommending maternal RSV vaccines and long-acting monoclonal antibodies (mAbs) as effective strategies to protect infants (PATH, 2025). Nirsevimab, for example, has demonstrated >75% efficacy in reducing RSV-related hospitalisations in healthy infants during their first season (Hammitt et al., 2022). In high-income countries (HICs), such as Spain, national health systems have successfully implemented nirsevimab, reaching >90% coverage among eligible infants in its first year of rollout (Pérez Casas et al., 2024).
In contrast, Yemen has not introduced any RSV preventive product to date. The country lacks a national immunisation policy for RSV and has not conducted readiness assessments for vaccine deployment. Key barriers include underdeveloped cold chain infrastructure, lack of trained personnel, limited budget allocation, and dependency on humanitarian aid. These systemic issues have also hindered Yemen’s ability to engage with global vaccine financing schemes, such as those coordinated by Gavi and WHO.
In countries like Kenya and South Africa, vaccine trials and pilot implementation strategies have been launched through international collaborations. These efforts include maternal immunisation studies and modelling exercises to understand cost-effectiveness in LMIC settings (Moyes et al., 2023; Baral et al., 2021). Such initiatives remain absent in Yemen, leaving it further marginalised in global health planning.
Strategic Pathways Forward
To address Yemen’s RSV challenges, a multifaceted strategy is essential:
1. Conduct national burden assessments using sentinel hospitals and point-of-care diagnostics to estimate RSV prevalence.
2. Develop an RSV immunisation roadmap aligned with WHO recommendations and informed by local feasibility studies.
3. Strengthen cold chain capacity by investing in solar-powered refrigerators and training healthcare workers.
4. Implement mobile and household-level surveillance in partnership with local NGOs to uncover hidden RSV cases.
5. Increase public awareness through community health education on RSV symptoms, transmission, and prevention.
6. Engage global stakeholders to secure funding, technical support, and inclusion in vaccine allocation strategies.
Countries like Bangladesh have successfully implemented mobile surveillance technologies to capture real-time respiratory disease data and guide local interventions (Islam et al., 2025). Yemen could adopt similar systems, especially in urban centres such as Sana’a and Taiz, where health infrastructure remains relatively intact.


4. Conclusion

Yemen’s battle with Respiratory Syncytial Virus (RSV) reflects an urgent public health crisis compounded by conflict, fragile infrastructure, and neglect in surveillance. Despite high positivity rates among children under five, ranging from 35–41% in hospital settings, community-level infections remain largely invisible due to the absence of national surveillance and diagnostic capacity. Environmental risk factors such as indoor air pollution, tobacco smoke exposure, overcrowding, and malnutrition intensify RSV severity across vulnerable populations. While other LMICs are beginning to deploy maternal vaccines and monoclonal antibodies, Yemen remains sidelined, lacking readiness assessments, immunisation frameworks, and cold chain systems. Moreover, the country is not integrated into the WHO's Global Influenza Surveillance and Response System, depriving policymakers of seasonality data critical for vaccine timing. These gaps, policy, data, infrastructure, and awareness, must be addressed through a strategic, multipronged approach: (1) Establish sentinel surveillance sites equipped with point-of-care diagnostics to enable standardized case definitions and real-time data reporting; (2) Conduct RSV vaccine readiness assessments in collaboration with international partners like WHO and Gavi, followed by integration of preventive tools into the Expanded Programme on Immunization; (3) Strengthen cold chain systems and train frontline healthcare workers to support vaccine deployment; (4) Launch culturally relevant awareness campaigns targeting caregivers and communities to promote early recognition and prevention; and (5) Advocate for Yemen’s inclusion into GISRS and other global RSV monitoring networks to unlock comparative analytics and inform local strategies. These steps offer a roadmap for Yemen to not only reduce RSV-related morbidity and mortality but also rebuild foundational public health systems. Prioritising RSV is no longer optional; it is a necessity for safeguarding the country’s youngest and most vulnerable generation.
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