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Abstract 

Background: The 2025 influenza season is characterized by antigenic stability in major seasonal 

strains and the emergence of novel avian influenza variants. This review synthesizes current evidence 

on the epidemiology, virology, vaccine effectiveness, and public health challenges for both seasonal 

and avian influenza in 2025. 

Materials and Methods: A narrative review was conducted using literature from PubMed, Scopus, 

Web of Science, WHO, CDC, and Google Scholar up to March 2025. Included studies were original 

research, systematic reviews, surveillance reports, and official guidelines on circulating strains, 

vaccine effectiveness, emerging variants, and interventions. Two reviewers independently screened 

and selected studies, extracting data on virus subtypes, vaccine composition, surveillance updates, and 

public health measures. 

Results: A/H1N1pdm09 and B-Victoria lineages remained antigenically stable, supporting continued 

vaccine effectiveness, while A/H3N2 continued to drift, necessitating annual vaccine updates. The 

B/Yamagata lineage was undetected, prompting a transition to trivalent vaccines for 2025–2026. 

Emerging avian influenza variants, notably H10N3 and H5N1, highlighted ongoing zoonotic risks, but 

sustained human-to-human transmission was not observed. For the 2024–2025 season, vaccine 

effectiveness ranged from 36–54% in adults and reduced pediatric hospitalizations by 63–78%. 

Enhanced surveillance, including real-time genetic tracking and multidisciplinary analyses, improved 

outbreak detection, but challenges persisted in vaccine strain selection, production timelines, and 

equitable distribution. 

Conclusion: The 2025 influenza season demonstrates the challenge of maintaining vaccine 

effectiveness amid stable strains and emerging avian variants. Vigilant surveillance, adaptive vaccine 

strategies, and coordinated public health responses remain essential. The shift to trivalent vaccines 

and adoption of advanced surveillance tools emphasize the ongoing need for innovation and equity in 

influenza control. 
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1- INTRODUCTION 

        Influenza remains a persistent and 

evolving threat to global public health, 

causing annual epidemics that result in 

significant morbidity, mortality, and 

economic burden worldwide (1, 2). The 

2025 influenza season is unfolding within 

a landscape shaped by both scientific 

progress and emerging challenges. On one 

hand, key seasonal influenza strains such 

as A/H1N1pdm09 and B-Victoria continue 

to exhibit antigenic stability, supporting 

the effectiveness of current vaccines (3, 4).  

On the other hand, ongoing antigenic drift 

in A/H3N2 and the emergence of avian 

influenza variants—including H10N3 and 

surging H5N1 subclades—underscore the 

unpredictable nature of influenza evolution 

and the need for vigilant surveillance (5-

7). Recent advances in vaccine technology, 

real-time genetic surveillance, and 

multidisciplinary approaches have 

enhanced our ability to track and respond 

to both circulating and emerging strains (8, 

9). However, challenges remain, including 

the complexity of timely vaccine strain 

selection, the risk of zoonotic spillover, 

and persistent inequities in vaccine 

manufacturing and distribution (10, 11).  

Additionally, the COVID-19 pandemic has 

further complicated influenza 

epidemiology and public health 

preparedness, highlighting the 

interconnectedness of respiratory 

pathogens and the importance of integrated 

surveillance systems (12, 13). 

This review aims to provide a 

comprehensive synthesis of recent 

evidence on the epidemiology, virology, 

vaccine effectiveness, and public health 

challenges of the 2025 influenza season, 

with a focus on both seasonal and 

emerging avian influenza strains. 

2- MATERIALS AND METHODS 

       This review was designed to provide a 

comprehensive and up-to-date synthesis of 

the virology, epidemiology, vaccine 

effectiveness, and public health challenges 

associated with the 2025 influenza season, 

with a particular focus on both seasonal 

and emerging avian influenza strains. 

2-1. Data Sources and Search Strategy 

A literature review was conducted across 

multiple databases and authoritative 

sources, including PubMed, Scopus, Web 

of Science, and the World Health 

Organization (WHO), the Centers for 

Disease Control and Prevention (CDC), 

and Google Scholar. The search covered 

publications up to March 2025. The 

following keywords and MeSH terms were 

used: “influenza 2025,” “seasonal 

influenza,” “avian influenza,” “antigenic 

drift,” “vaccine effectiveness,” “influenza 

surveillance,” “H1N1,” “H3N2,” “H5N1,” 

“H10N3,” “vaccine strain selection,” and 

“pandemic preparedness”. 

2-2. Study Selection and Review Process 

The literature search and article selection 

were performed independently by two 

reviewers. Titles and abstracts were 

screened for relevance, and full texts were 

retrieved for studies meeting the inclusion 

criteria. Discrepancies or disagreements 

regarding inclusion or data extraction were 

resolved through discussion until 

consensus was reached. 

2-3. Inclusion and Exclusion Criteria 

2-3-1. Inclusion Criteria: 

 Types of Publications: Original 

research articles, systematic reviews, 

meta-analyses, surveillance reports, and 

official guidelines. 

 Languages: Publications in English or 

Persian. 

 Content Focus: Studies reporting on 

circulating influenza strains, vaccine 

composition and effectiveness, 

emerging zoonotic variants, and public 

health interventions relevant to the 



Bashirian et al. 

Health Provid, Vol.5, N.1, Serial No.8, Jun. 2025                                                                                                 89 

2024–2025 and 2025–2026 influenza 

seasons. 

2-3-2. Exclusion Criteria: 

 Studies focused solely on animal 

models without direct relevance to 

human health. 

 Non-peer-reviewed sources, such as 

preprints, opinion pieces, or 

unpublished data. 

2-4. Data Extraction and Synthesis 

Key data extracted from eligible studies 

included: 

 Circulating influenza virus subtypes 

and genetic lineages 

 Vaccine composition and effectiveness 

 Reports of emerging avian influenza 

variants 

 Updates and challenges in surveillance 

systems 

 Factors influencing viral evolution and 

pandemic risk 

 Public health response strategies and 

relevant legal frameworks. 

Data were synthesized narratively, and the 

strengths and limitations of the available 

evidence were critically appraised to 

ensure a balanced interpretation of the 

findings (14). 

2-5. Ethical Consideration 

As this article is a narrative review based 

solely on previously published data and 

publicly available reports, no new human 

or animal subjects were involved, and no 

ethical approval was required. All sources 

of information are appropriately cited, and 

the review adheres to ethical standards for 

research integrity and transparency in 

scientific reporting. 

3- RESULTS 

         The 2025 influenza season is marked 

by both the antigenic stability of major 

seasonal strains and the emergence of 

novel avian influenza variants, 

highlighting the ongoing need for robust 

global surveillance and adaptive public 

health strategies (3–7). This dual dynamic 

means that while current vaccines remain 

effective for certain established lineages, 

new zoonotic threats-particularly from 

avian influenza-continue to pose 

significant challenges for monitoring, 

vaccine formulation, and pandemic 

preparedness (3–7). 

3-1. Antigenic Stability & Vaccine 

Updates 

A/H1N1pdm09 remains antigenically 

stable, with circulating viruses closely 

matching the A/Victoria/4897/2022-like 

vaccine strain. Although hemagglutinin 

(HA) mutations such as S91R and S181T 

have been detected, post-vaccination 

geometric mean titres (GMTs) against 

recent variants show no significant 

reduction in immunity, though gradual 

immune escape remains a concern (3). 

A/H3N2 continues to exhibit antigenic 

drift, necessitating annual vaccine updates. 

For 2025–2026: 

 Egg-based vaccines: 

A/Croatia/10136RV/2023-like virus. 

 Cell- and recombinant-based vaccines: 

A/District of Columbia/27/2023-like 

virus (4, 15). 

The B-Victoria lineage remains stable, 

with the AU21 cluster predominant, 

supporting continued use of the 

B/Austria/1359417/2021-like virus in 

vaccines (3, 4). The B/Yamagata lineage 

has not circulated since 2020, prompting a 

shift to trivalent vaccines and necessitating 

changes in production pipelines and 

clinical protocols (16). 

3-2. Emerging Variants of Concern 

 3-2-1. Avian Influenza H10N3: Four 

human cases have been reported in 

China between 2021 and January 2025, 

all linked to exposure to live poultry. 
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No sustained human-to-human 

transmission has been documented, but 

continued circulation in poultry poses 

ongoing zoonotic risks and underscores 

the importance of integrated animal-

human surveillance (3, 5, 17). 

 3-2-2. Avian Influenza H5N1: 

Outbreaks persist in wild birds and 

domestic poultry, particularly in 

Cambodia and across Europe and the 

Americas, with high pathogenicity 

maintaining pandemic potential. Human 

cases remain rare and are primarily 

associated with direct animal exposure. 

Notably, H5N1 demonstrates high 

reassortment potential with human 

H3N2 viruses in vitro, raising concerns 

about the emergence of novel pandemic 

strains (2, 3, 6, 7). 

3-3. Vaccine Effectiveness 

For the 2024–2025 season, vaccine 

effectiveness (VE) varied by age and 

setting: 

 Adults: 36–54% outpatient protection, 

though one study reported negative VE 

(-26.9%) in working-aged adults (18). 

 Children: 63–78% reduction in 

hospitalization risk. European studies 

aligned with U.S. findings, showing 

32–56% VE against influenza A (19, 

20). 

3-4. Surveillance & Preparedness 

The expanded WHO Global Influenza 

Surveillance and Response System 

(GISRS) now integrates: 

 Real-time HA mutation tracking via 

platforms like Nextstrain (8). 

 Multidisciplinary analyses, including 

genetic sequencing, HA protein 

modeling, and antigenic cartography 

(21). 

 Enhanced monitoring of SARS-CoV-2 

and RSV alongside influenza (9, 22). 

Digital tools and artificial intelligence, 

including centralized platforms like 

RespiMart, are increasingly used for real-

time respiratory virus surveillance, 

outbreak detection, and prediction, 

supporting rapid and coordinated 

responses (23, 24). 

3-5. Key Challenges 

3-5-1. Antigenic Drift and Vaccine 

Strain Selection: 

 H3N2 Evolution: Ongoing antigenic 

drift necessitates frequent vaccine 

updates. The 2025–2026 vaccines have 

adopted new strains to address reduced 

reactivity. 

 H1N1 Stability: While relatively stable, 

mutations such as S91R and S181T 

could gradually enable immune escape 

(3). 

3-5-2. Vaccine Production Timelines & 

Equity: 

 Strain selection must occur 6–8 months 

before the flu season, creating 

vulnerabilities to late-emerging variants 

(11). 

 Only 15% of the global population 

resides in countries with vaccine 

manufacturing capacity, exacerbating 

distribution inequities (10). 

3-5-3. Transition to Trivalent Vaccines: 

 The absence of the B/Yamagata lineage 

has prompted a shift to trivalent 

vaccines, requiring reconfiguration of 

production and clinical protocols (3). 

3-5-4. Avian Influenza Reassortment 

Risks: 

 H5N1: Demonstrates high reassortment 

potential with human H3N2 viruses, 

posing pandemic risks (25). 

 H10N3: Recent human cases in China 

highlight zoonotic transmission risks 

from poultry, though sustained human-
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to-human spread remains unobserved 

(5). 

3-5-5. Next-Generation Vaccine 

Development: 

 Universal vaccine strategies targeting 

conserved HA regions face technical 

and regulatory hurdles, as well as 

public acceptance challenges (11, 26). 

3-5-6. Surveillance & Adaptive 

Capacity: 

 GISRS now tracks HA mutations in real 

time but faces challenges integrating 

data across influenza, SARS-CoV-2, 

and RSV (9, 22). 

3-6. Drivers of New Strain Emergence 

 Genetic Diversity & Viral Evolution: 

Antigenic drift (point mutations) and 

shift (reassortment) enable rapid 

adaptation and immune evasion, 

particularly when avian strains are 

involved (27-29). 

 Environmental & Epidemiological 

Factors: Seasonal transmission is 

enhanced by cold, dry conditions, 

population density, travel, and 

healthcare infrastructure. The co-

circulation of multiple strains increases 

the risk of reassortment (29, 30). 

 Surveillance & Vaccine Challenges: 

Rapid mutation of HA and NA 

complicates vaccine strain selection and 

effectiveness. Limited global 

manufacturing capacity restricts access, 

especially in low-resource countries 

(10, 31). 

 Phenotypic Factors: HA stability in 

different pH environments affects viral 

infectivity and transmission potential 

(28). 

3-7. Public Health Monitoring and 

Response 

Maintaining effective surveillance systems 

requires significant infrastructure and 

trained personnel, which is particularly 

challenging in resource-limited settings (5, 

7). The COVID-19 pandemic disrupted 

influenza virus circulation and complicated 

vaccine effectiveness assessments and 

planning (15, 32). Public health emergency 

declarations can accelerate resource 

mobilization but are often reactive, 

highlighting the need for proactive 

planning and coordinated emergency 

management (33, 34). Transitioning from 

quadrivalent to trivalent vaccines, due to 

the disappearance of the B/Yamagata 

lineage, also requires careful management 

to avoid disruptions in vaccination efforts 

(4). 

4- DISCUSSION 

        The 2025 influenza season 

demonstrates both encouraging advances 

and persistent challenges in global 

influenza control, as revealed by recent 

surveillance and research (3–7). The 

antigenic stability of A/H1N1pdm09 and 

B-Victoria has sustained vaccine 

effectiveness, with circulating strains 

closely matching the 

A/Victoria/4897/2022-like and 

B/Austria/1359417/2021-like vaccine 

strains, respectively (3, 4). Despite the 

detection of HA mutations such as S91R 

and S181T in A/H1N1pdm09, no 

significant reduction in immunity has been 

observed, although ongoing molecular 

monitoring is warranted (3). 

In contrast, A/H3N2 continues to undergo 

rapid antigenic drift, necessitating frequent 

vaccine updates, as reflected in the 

adoption of A/Croatia/10136RV/2023-like 

and A/District of Columbia/27/2023-like 

viruses for the 2025–2026 season (4, 15). 

The disappearance of the B/Yamagata 

lineage since 2020 has prompted a 

transition to trivalent vaccines, requiring 

adjustments in production and clinical 

protocols (6, 8, 16). 

Emerging avian influenza variants, notably 

H10N3 and H5N1, underscore the ongoing 

risk of zoonotic spillover. Four human 
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H10N3 cases have been reported in China, 

all associated with exposure to live 

poultry, and continued H5N1 outbreaks in 

Cambodia and other regions further 

highlight the necessity of integrated 

animal-human surveillance and a robust 

One Health approach (5, 6, 17). While 

sustained human-to-human transmission 

has not been observed for either virus, the 

high reassortment potential of H5N1 with 

human H3N2 viruses in vitro raises 

concerns about future pandemic threats 

(25). 

Vaccine effectiveness for the 2024–2025 

season ranged from 36–54% in adults and 

was associated with a 63–78% reduction in 

pediatric hospitalizations (18–20, 35). 

However, the emergence of oseltamivir-

resistant A/H1N1pdm09 strains (~2.4%) 

and persistent inequities in vaccine access 

underscore the need for continued 

investment in antiviral stewardship and 

manufacturing capacity (10, 11, 18). 

The expansion of the WHO Global 

Influenza Surveillance and Response 

System (GISRS), the implementation of 

real-time HA mutation tracking (e.g., via 

Nextstrain), and multidisciplinary 

analyses—including centralized platforms 

like RespiMart—have enhanced 

respiratory virus surveillance, outbreak 

detection, and response capabilities (8, 9, 

21, 23). The integration of digital tools and 

artificial intelligence further supports rapid 

outbreak identification; however, 

challenges persist in harmonizing data 

across influenza, SARS-CoV-2, and RSV, 

as well as in ensuring timely vaccine strain 

selection (22, 23, 31). 

Looking ahead, strengthening real-time 

genetic surveillance, investing in next-

generation and universal vaccines, and 

fostering international collaboration are 

essential (8, 9, 21, 26). Addressing 

production bottlenecks and ensuring 

equitable access to vaccines and antivirals 

will be vital for effective influenza 

prevention and pandemic preparedness 

(10, 11, 31). Future research should 

prioritize understanding viral evolution, 

reassortment mechanisms, and vaccine 

durability, while policymakers must 

emphasize flexible response systems and 

global cooperation. Ultimately, sustained 

innovation, a One Health perspective, and 

a commitment to global equity are key to 

mitigating both seasonal and emerging 

influenza threats (12, 24, 29, 36). 

4-1. Study Limitations 

As a narrative review, this article may be 

subject to selection bias and does not 

include a formal quantitative meta-

analysis. However, every effort was made 

to include the most current, high-quality, 

and globally relevant evidence available 

up to May 2025. 

5- CONCLUSION 

        The 2025 influenza season 

underscores the ongoing complexity of 

influenza control, marked by antigenic 

stability in A/H1N1pdm09 and B-Victoria, 

rapid drift in A/H3N2, and persistent 

zoonotic threats from H10N3 and H5N1 

variants. While vaccines demonstrated 36–

54% effectiveness in adults and substantial 

reductions in pediatric hospitalizations, 

HA mutations, oseltamivir resistance, and 

frequent strain updates highlight the need 

for adaptive strategies and robust 

surveillance. The shift to trivalent 

formulations and expanded GISRS 

platforms—including RespiMart for 

integrated respiratory virus monitoring—

exemplify progress amid evolving 

challenges. 

Looking ahead, priorities include next-

generation vaccines, enhanced global 

manufacturing, and advanced surveillance 

integrating real-time genetic tracking with 

AI-driven outbreak prediction. Equitable 

access, One Health integration, and 

international collaboration remain essential 

for mitigating seasonal epidemics and 

potential pandemics. Sustained innovation 
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and proactive planning will determine our 

resilience against future influenza threats 

6- CONFLICT OF INTEREST: None. 

7- REFERENCES  

1. Iuliano AD, Roguski KM, Chang HH, 

Muscatello DJ, Palekar R, Tempia S, et al. 

Estimates of global seasonal influenza-

associated respiratory mortality: a modelling 

study. Lancet. 2018 Mar 31;391(10127):1285-

1300. doi: 10.1016/S0140-6736(17)33293-2. 

Epub 2017 Dec 14. Erratum in: Lancet. 2018 

Mar 31;391(10127):1262. doi: 10.1016/S0140-

6736(18)30105-3.  

2. Paget J, Spreeuwenberg P, Charu V, Taylor 

RJ, Iuliano AD, Bresee J, Simonsen L, Viboud 

C; Global Seasonal Influenza-associated 

Mortality Collaborator Network and GLaMOR 

Collaborating Teams*. Global mortality 

associated with seasonal influenza epidemics: 

New burden estimates and predictors from the 

GLaMOR Project. J Glob Health. 2019 

Dec;9(2):020421. doi: 

10.7189/jogh.09.020421.  

3. Peng Y, Du X, Mi L, Ding X, Meng J, Han 

W, et al. Modeling the antigenic evolution of 

seasonal influenza viruses with PREDAC for 

vaccine strain selection in the season of 2025. 

bioRxiv. 2024. 

doi:10.1101/2024.09.08.611938. 

4. EMA, 2025. EU recommendations for 

2025/2026 seasonal flu vaccine composition. 

European Medicines Agency. Available from: 

https://www.ema.europa.eu/en/news/eu-

recommendations-2025-2026-seasonal-flu-

vaccine-composition. 

5. World Health Organization. New influenza 

variant is surging, but vaccination still our best 

bet. Geneva: UN News; 2025 Dec 17. 

Available from: 

https://news.un.org/en/story/2025/12/1166604. 

6. EFSA, 2025. Avian influenza overview 

December 2024–March 2025. EFSA Journal, 

9352. Available from: 

https://www.efsa.europa.eu/en/efsajournal/pub

/9352. 

7. WHO, 2025. Recommendations announced 

for influenza vaccine composition for the 

2025–2026 northern hemisphere influenza 

season. World Health Organization. Available 

from: https://www.who.int/news/item/28-02-

2025-recommendations-announced-for-

influenza-vaccine-composition-for-the-2025-

2026-northern-hemisphere-influenza-season. 

8. Hadfield, J., Megill, C., Bell, S. M., 

Huddleston, J., Potter, B., Callender, C., 

Sagulenko, P., Bedford, T., & Neher, R. A. 

Nextstrain: real-time tracking of pathogen 

evolution. Bioinformatics, 2018;34(23): 4121–

23. doi.org/10.1093/bioinformatics/bty407. 

9. Okabe, N. Strengthening global influenza 

surveillance systems. WHO Bulletin, 

2003;81(6): 423-29. 

10. Fedson, D. S., Dunnill, P. Global vaccine 

manufacturing capacity and pandemic 

preparedness. Public Health Reports, 

2007;122(3): 300-6. 

11. World Health Organization. WHO's 5th 

Virtual cGMP Training Marathon concludes, 

strengthening global vaccine manufacturing 

capacities. Geneva: WHO; 2024 Oct 10. 

Available from: 
https://www.who.int/news/item/10-10-2024-who-s-

5th-virtual-cgmp-training-marathon-concludes--

strengthening-global-vaccine-manufacturing-

capacities. 

12. Koutsakos M, Wheatley AK, Loh L, 

Clemens EB, Sant S, Nüssing S, Kedzierska 

K. Influenza lineage extinction during the 

COVID-19 pandemic? Nature Rev Microbiol. 

2021;19(7):409-410. doi:10.1038/s41579-021-

00553-9. 

13. Brownstein, J. S., Freifeld, C. C., & 

Madoff, L. C. Digital disease detection-

harnessing the Web for public health 

surveillance. New England Journal of 

Medicine, 2009;360(21): 2153-57. 

14. Popay J, Roberts H, Sowden A, Petticrew 

M, Arai L, Rodgers M, Duffy S. Guidance on 

the conduct of narrative synthesis in 

systematic reviews: A product from the ESRC 

Methods Programme [Internet]. Version 1. 

Lancaster: ESRC Methods Programme; 2006 

[cited 2025 May 12]. Available from: 

https://www.lancaster.ac.uk/media/lancaster-

university/content-

assets/documents/fhm/dhr/chir/NSsynthesisgui

danceVersion1-April2006.pdf. 



Influenza 2025 

Health Provid, Vol.5, N.1, Serial No.8, Jun. 2025                                                                                                 94 

15. FDA, 2025. Influenza vaccine composition 

for the 2025-2026 U.S. influenza season. U.S. 

Food and Drug Administration. Available 

from: https://www.fda.gov/vaccines-blood-

biologics/influenza-vaccine-composition-

2025-2026-us-influenza-season. 

16. Skowronski DM, Chambers C, Sabaiduc S, 

De Serres G, Dickinson JA, Winter AL, et al. 

Vaccine effectiveness against lineage-matched 

and mismatched influenza B viruses across 8 

seasons in Canada. Clin Infect Dis. 

2022;74(2):219-228. 

17. Canada Public Health, 2025. Human 

emerging respiratory pathogens bulletin: Issue 

98, February 2025. Available from: 

https://www.canada.ca/en/public-

health/services/surveillance/human-emerging-

respiratory-pathogens-

bulletin/2025/february.html 

18. Frutos AM, Cleary S, Reeves EL, Ahmad 

HM, Price AM, Self WH, et al. CDC Influenza 

Vaccine Effectiveness Collaborators. Interim 

Estimates of 2024-2025 Seasonal Influenza 

Vaccine Effectiveness - Four Vaccine 

Effectiveness Networks, United States, 

October 2024-February 2025. MMWR Morb 

Mortal Wkly Rep. 2025 Feb 27;74(6):83-90. 

doi: 10.15585/mmwr.mm7406a2. PMID: 

40014791; PMCID: PMC11867582. 

19. World Health Organization. 

Recommended composition of influenza virus 

vaccines for use in the 2025 influenza season. 

Geneva: World Health Organization; 2025. 

Available from: 

https://www.who.int/publications/m/item/reco

mmended-composition-of-influenza-virus-

vaccines-for-use-in-the-2025-influenza-season. 

20. Johnson, L., et al. Interim 2024/25 

influenza vaccine effectiveness: eight 

European studies (17 countries), September 

2024 to January 2025. Eurosurveillance, 

2025;30(7): Article 2500102. 

https://doi.org/10.2807/1560-

7917.ES.2025.30.7.2500102 

21. D. J. Smith, A. S. Lapedes, J. C. de Jong, 

T. M. Bestebroer, G. F. Rimmelzwaan, A. D. 

M. E. Osterhaus, R. A. M. Fouchier, Mapping 

the antigenic and genetic evolution of 

influenza virus. Science 2004;305: 371–76.  

22. Garrett, L. The challenge of pandemic 

influenza. Foreign Affairs, 2006;85(4): 2-11. 

23. World Health Organization. RespiMart: 

central data platform for respiratory viruses 

surveillance including influenza, SARS-CoV-

2, and RSV. Geneva: WHO; 2025. Available 

from: https://www.who.int/tools/RespiMart. 

24. Allen, T., Murray, K. A., & Zambrana-

Torrelio, C. Global hotspots and correlates of 

emerging zoonotic diseases. Nature 

Communications, 2022;13(1): 1-10. 

25. Herfst S, Schrauwen EJ, Linster M, 

Chutinimitkul S, de Wit E, Munster VJ, Sorrell 

EM, Bestebroer TM, Burke DF, Smith DJ, 

Rimmelzwaan GF, Osterhaus AD, Fouchier 

RA. Airborne transmission of influenza 

A/H5N1 virus between ferrets. Science. 2012 

Jun 22;336(6088):1534-41. doi: 

10.1126/science.1213362.  

26. Mills CE, Robins JM, Lipsitch M. 

Transmissibility of 1918 pandemic influenza. 

Nature. 2004;432(7019):904-6. doi: 

10.1038/nature03063.  

27. Scholtissek, C. Genetic reassortment of 

influenza viruses. Virology, 1994;198(1): 1-

11. 

28. Wille M, Holmes EC. Genetic diversity 

and host adaptation of avian H5N1 influenza 

viruses. Virus Evolution. 2019;5(1):vez006. 

29. Yunker M, Villafuerte DA, Fall A, Norton 

JM, Abdullah O, Rothman RE, Fenstermacher 

KZJ, Morris CP, Pekosz A, Klein E, Mostafa 

HH. Genomic evolution of influenza during 

the 2023-2024 season, the johns hopkins 

health system. J Clin Virol. 2024 

Oct;174:105718. doi: 

10.1016/j.jcv.2024.105718. Epub 2024 Jul 25. 

PMID: 39079210; PMCID: PMC11384212. 

30. Tamerius, J., Shaman, J., Alonso, W. J., 

Bloom-Feshbach, K., Uejio, C. K., Comrie, A., 

& Viboud, C. Environmental drivers of 

influenza epidemics in the United States. PLoS 

pathogens, 2013;9(2): e1003194. 

31. Chambers, T. M. Challenges in influenza 

vaccine strain selection. Nature Reviews 

Immunology, 2016;16(3): 123-34. 

32. Olsen SJ, Azziz-Baumgartner E, Budd AP, 

Brammer L, Sullivan S, Pineda RF, Cohen C, 

Fry AM. The impact of the COVID‐19 



Bashirian et al. 

Health Provid, Vol.5, N.1, Serial No.8, Jun. 2025                                                                                                 95 

pandemic on the global burden of influenza. 

Influenza Other Respir Viruses. 

2022;16(2):220–228. doi:10.1111/irv.12939. 

33. Hodge, J. G. Legal frameworks for public 

health emergency responses. Journal of Public 

Health Policy, 2013;34(2): 210–23. 

https://doi.org/10.1057/jphp.2013.7. 

34. Gensheimer, L. Lessons from past 

pandemics and bioterrorism preparedness. 

Biosecurity and Bioterrorism: Biodefense 

Strategy, Practice, and Science, 2004;2(3): 

175–81. 

https://doi.org/10.1089/153871304132648. 

35. Flannery B, Chung JR, Monto AS, Martin 

ET, Belongia EA, McLean HQ, et al. 

Influenza vaccine effectiveness in the United 

States during the 2019–2020 season. Clin 

Infect Dis. 2020;71(8):1895–1903. 

36. Marwick, C. A new variant of influenza 

A/H3N2: implications for vaccine update. 

Vaccine Research, 1996;14(3): 123-30. 

 

 


