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Abstract

Viral pandemics represent recurrent global health crises that demand multi-layered
prevention strategies encompassing non-pharmacological interventions (NPIs),
vaccination programs, environmental engineering controls, and digital surveillance
systems. This comprehensive review synthesizes evidence from 50 high-quality
publications sourced from Q1-Q2 journals to evaluate the comparative efficacy of viral
protection methods deployed during major pandemic periods, including the 1918
Influenza, 2009 HIN1, 2012 MERS-CoV, 2014 Ebola, and 2019-2023 SARS-CoV-2
outbreaks. Evidence consistently demonstrates that layered NPIs—including
FFP2/N9S respirators, WHO-compliant hand hygiene, and strict physical distancing—
reduce transmission by 67-95%. mRNA vaccination platforms achieve efficacy
exceeding 90% against ancestral strains. Environmental controls such as HEPA
filtration and UV-C germicidal irradiation provide supplementary pathogen reduction
in healthcare and community settings. Integrated test-trace-isolate (TTI) protocols
further attenuate reproductive numbers. Health systems must institutionalize adaptive
preparedness frameworks that combine these evidence-based modalities to mitigate
future pandemic mortality and morbidity.
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Introduction

Pandemic viral disease has been a defining challenge of human history, with
outbreaks of influenza, coronaviruses, and hemorrhagic fever viruses causing tens of
millions of deaths and catastrophic economic disruption across centuries [1, 2]. The
1918 Spanish influenza pandemic claimed an estimated 50—100 million lives globally,
illustrating the devastating potential of a highly transmissible respiratory pathogen in

https://medjournal.it.com/ Volume 2| Issue 4| 2026

{ 196 ]

4


https://medjournal.it.com/

<

>
>

f

Clinical and Biomedical Research I 05-212

the absence of effective countermeasures [1]. In the century that followed, successive.
pandemics—including the 2009 HINI influenza, the 2012 Middle East Respiratory
Syndrome coronavirus (MERS-CoV), the 2014-2016 Ebola virus disease (EVD)
outbreak in West Africa, and the 2019-2023 COVID-19 pandemic—have provided
critical opportunities to refine prevention science and public health infrastructure [3, 4,
5].

Viral protection during pandemic periods relies on a conceptual hierarchy of
controls drawn from occupational and public health frameworks. The hierarchy moves
from elimination at the source through engineering controls, administrative measures,
and finally personal protective equipment (PPE) [6]. This multi-layered approach
reflects the understanding that no single intervention achieves complete protection;
rather, combinations of complementary strategies produce synergistic reductions in
transmission risk [7]. The World Health Organization (WHO), the United States
Centers for Disease Control and Prevention (CDC), and the European Centre for
Disease Prevention and Control (ECDC) have each developed guidance documents
endorsing this integrated model [8, 9].

Non-pharmacological interventions (NPIs) constitute the first and most
immediately deployable line of defense, particularly at the onset of an outbreak before
vaccines and therapeutics are available [10, 11]. These include respiratory protective
equipment, hand hygiene, physical distancing, environmental ventilation, surface
disinfection, and movement restrictions [12]. Evidence from the COVID-19 pandemic
demonstrated that countries implementing rapid, comprehensive NPI bundles achieved
significantly lower early case fatality rates than those with delayed responses [13, 14].
However, the optimal composition, timing, and duration of NPI packages remain
subjects of ongoing research and debate, particularly given the trade-offs between
epidemiological effectiveness and socioeconomic harms [15].

Vaccination represents the most powerful pharmacological tool for viral
pandemic control, having historically been responsible for the eradication of smallpox
and near-elimination of poliovirus [16]. The unprecedented development of multiple
COVID-19 vaccine platforms in under twelve months—including mRNA,
recombinant adenoviral vector, inactivated whole-virus, and protein subunit designs—
marked a watershed moment in vaccinology [17, 18]. Phase III trial data documented
efficacy of 90-95% for leading mRNA formulations against severe disease and
hospitalization from ancestral SARS-CoV-2 strains [19], though subsequent variant
evolution and waning immunity necessitated booster strategies and platform adaptation
[20].

Environmental and engineering controls, including HEPA filtration systems,
ultraviolet-C (UV-C) germicidal irradiation, and enhanced ventilation, have gained

renewed attention as airborne transmission pathways for SARS-CoV-2 were confirmed
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[21, 22]. Simultaneously, digital public health tools such as proximity tracings
applications, Al-assisted surveillance, and telemedicine platforms have been evaluated
as adjuncts to traditional test-trace-isolate (TTI) protocols [23, 24].

Despite extensive literature, significant gaps persist in comparing prevention
modalities across pandemic contexts, pathogens, and healthcare versus community
settings. This review aims to synthesize and compare the efficacy, feasibility, and
evidence quality of major viral protection methods during pandemic periods, drawing
from Q1-Q2 indexed literature, established clinical protocols, and international
guidance frameworks.

Methods

This review followed a systematic approach informed by Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA 2020) guidelines. A
structured literature search was conducted in PubMed/MEDLINE, Embase, Cochrane
Library, and WHO IRIS databases using Boolean search strings combining MeSH
terms: ("pandemic" OR "epidemic") AND ("viral prevention" OR "infection control"
OR "non-pharmacological intervention" OR "vaccination" OR "PPE") AND ("SARS-
CoV-2" OR "influenza" OR "MERS" OR "Ebola"). Publication years were restricted
to 2000-2024, with exceptions for seminal historical studies. Inclusion criteria
required: (1) original research articles, systematic reviews, or meta-analyses; (2)
reporting quantitative efficacy or effectiveness data for viral prevention methods; (3)
publication in Q1 or Q2 Scimago-ranked journals. Studies were excluded if they lacked
peer review, were conference abstracts only, or reported exclusively in-vitro data
without clinical translation. Quality was assessed using the Cochrane Risk of Bias Tool
for RCTs and the Newcastle-Ottawa Scale for observational studies. The 50 final
references span journals including The Lancet, New England Journal of Medicine
(NEJM), JAMA, BMJ, Nature Medicine, and Infection Control & Hospital
Epidemiology. A narrative synthesis was performed, and results were organized by
intervention category.

Table 1.
Comparative Efficacy of Viral Prevention Methods During Pandemic Periods
. Target Efficacy Protocol / Evidence Journal
Prevention Method Pathogen (%) Standard Level (Q1/Q2)
FFP2/N95 SARS-CoV- 85_95 WHO IPC, | Systematic Lancet,
Respirator Masking = 2, Influenza CDC NIOSH Review (Ia) NEIM
Surgical Mask (3- | Droplet EN 14683, | RCT  Meta-
layer) pathogens 67-80 ASTM F2100  analysis (Ib) BMJ, JAMA
Hand Hygiene Norovirus WHO-2009 Infect
(WHO-5 moments) | RSV, CoV-2 70-90 Hand Hygiene RCT (Ib) Cogtrol.Hosp
Epidemiol
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. Target Efficacy Protocol / Evidence Journal
Prevention Method Pathogen (%) Standard Level (Q1/Q2)
mRNA Vaccination = SARS-CoV- 90-95 EMA/FDA Phase III RCT NEIM
(BNT162b2) 2 (ancestral) EUA Protocol | (Ib)

Vector Vaccine SARS-CoV- 70-82 COVAX/WHO  Phase III RCT Lancet
(ChAdOx1) 2 rollout (Ib)
Physical Distancing SARS-CoV- WHO Interim | Meta-analysis
2,  MERS, 82-85 . Lancet
(=21 m) Guidance 2020 | (Ia)
Influenza
Room Air Filtration = Airborne 99.97 ASHRAE 170, | Engineering Indoor Air
(HEPA) viruses (particle) | CDC AIIR study (IIb)
UV-C  Germicidal SARS:CoV- 99.9 NIOSH UV-C Experimental
. 2, Influenza . . J Hosp Infect
Irradiation A/B (surface/air) | guidance study (Ila)
Contact Tracing + SARS-Cov- 40-60 (Rt = WHO TTI Cohort study | Nat Med,
Isolation 2, Ebola, reduction) | Protocol 2020 | (IIb) Science
MERS Y
Er.1\/.1r0nr1.16nta1 Enveloped EPA Reg. / Experimental Am J Infect
Disinfection (EPA | . 99-99.9
List N) viruses WHO-IPC (ITa) Control

Note: Efficacy figures represent ranges from included systematic reviews and phase III trial data. Evidence
levels follow Oxford Centre for Evidence-Based Medicine (OCEBM) grading.

Results
Respiratory Protective Equipment.

The evidence base for respiratory protection is extensive and unequivocal in
favoring higher-filtration devices in high-exposure settings. FFP2/N95 respirators,
which filter at least 94-95% of airborne particles when properly fitted, demonstrated
protective efficacy of 85-95% against SARS-CoV-2 acquisition among healthcare
workers in prospective cohort studies. Surgical masks, while providing lower filtration
efficiency (approximately 67-80% for droplet-size particles), confer significant
population-level protection when universally adopted. A landmark meta-analysis in
The Lancet found that each additional meter of physical distance combined with mask
wearing reduced transmission risk by more than 82% compared to unmasked,
undistanced controls.

Hand Hygiene Protocols.

WHO's Five Moments for Hand Hygiene, utilizing alcohol-based hand rub
(ABHR) with a minimum 60-80% ethanol or isopropanol concentration, achieved 70—
90% reduction in pathogen hand contamination across multiple outbreak settings.
Compliance monitoring studies documented that structured training and environmental
cue placement (ABHR dispensers at point of care) increased adherence rates from a

baseline of 35-40% to above 75% in acute care facilities. For non-enveloped viruses
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such as norovirus, soap-and-water washing for at least 20 seconds was shown to be
superior to ABHR alone.
Vaccination Programs.

mRNA vaccines (BNT162b2 and mRNA-1273) achieved phase III efficacy of
94.1-95.0% against symptomatic COVID-19 and greater than 90% against severe
disease caused by the ancestral Wuhan strain. Vector-based platforms (ChAdOx1
nCoV-19, Ad26.COV2.S) demonstrated efficacy of 70-85% in pivotal trials.
Inactivated whole-virus vaccines (CoronaVac, BBIBP-CorV) showed more variable
efficacy of 50-83% depending on population and variant context. For HIN1 2009,
monovalent inactivated vaccine reduced laboratory-confirmed influenza by 56—-69%
over two influenza seasons. The ring vaccination strategy using rVSV-ZEBOV
achieved 100% efficacy in a cluster-randomized trial during the 2016 Guinea Ebola
outbreak, representing the highest documented vaccine efficacy for any viral
hemorrhagic fever pathogen.

Environmental Engineering Controls.

HEPA filtration units capturing particles >0.3 um with 99.97% efficiency were
effective at reducing airborne viral load in simulated hospital ward and school
classroom environments. ASHRAE Standard 170 recommends a minimum of 12 air
changes per hour (ACH) in airborne infection isolation rooms (AIIRs), which when
combined with negative pressure differentials of —2.5 Pa, reduced cross-corridor
aerosol transport by 98%. UV-C irradiation at 254 nm with doses of >10 mJ/cm?
inactivated greater than 99.9% of SARS-CoV-2, influenza A/B, and M. tuberculosis in
controlled chamber studies. Far-UVC (222 nm) technology demonstrated equivalent
germicidal efficacy without measurable corneal or skin toxicity at human-occupied
dose levels, suggesting potential for continuous occupied-space disinfection.
Test-Trace-Isolate Protocols.

Digital TTI systems deploying Bluetooth proximity exposure notification (e.g.,
NHS COVID-19 app, SwissCovid) notified contacts a median 2.3 days faster than
traditional manual tracing in paired comparative studies. Countries achieving testing
rates above 5,000 per 100,000 population per week and contact tracing coverage above
80% of identified cases succeeded in reducing the effective reproductive number (Rt)
below 1.0 in multiple pandemic waves. South Korea's MERS-CoV 2015 experience
demonstrated that comprehensive TTI implementation, even initiated retroactively,
contained a nosocomial super-spreading chain that had generated 186 cases within 37
days.

Disinfection Protocols.

EPA List N disinfectants with demonstrated virucidal activity against SARS-

CoV-2—including quaternary ammonium compounds, hydrogen peroxide (>0.5%),

sodium hypochlorite (0.1-0.5%), and ethanol (>70%)—achieved 99-99.9% surface
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viral inactivation within a 1-minute contact time. WHO recommended disinfection®ofd
high-touch surfaces every 4 hours in high-risk settings during COVID-19, and evidence
from observational studies in long-term care facilities demonstrated that structured
environmental cleaning programs reduced outbreak incidence by 43—67% compared to
standard cleaning schedules.

Table 2. Prevention Protocols Across Major Pandemic Events (1918-2023)

. . Key NPI Vaccine Outcome
Pandemic Primary Agent Measures Strategy (CFR %) Reference
Social
. Influenza Al . None
Spanish Flu 1918 (HINT) d1staqcmg, available 2.5-3.0 [1]
masking
HINI Swine Flu Influenza A | Hand hygiene, Monovalent 0.02 5]
2009 (HINT)pdm09 isolation inactivated '
PPE, .
MERS-CoV MERS-CoV contact/dronlet Experimental 34.4 [9]
2012-2015 (betacoronavirus) TP only '
precautions
Ebola 2014~ Ebola  virus Pfo]i’x:olsbum1 rz\lla?s\gv ring  40-70 [12]
2016 (EBOV) Protoro’s, oY Tng
isolation vaccination
Lockdown
’ mRNA
COVID-19 masking, ’
2019-2023 SARS-CoV-2 distancing, Yectqr, 0.5-2.3 [3, 7]
TTI inactivated

Note: CFR = Case Fatality Rate. TTI = Test-Trace-Isolate. NPI = Non-Pharmacological Intervention. Data
derived from WHO situation reports and cited systematic reviews.

Discussion

The synthesis of 50 high-quality studies across five major pandemic periods
reveals a consistent and unambiguous finding: no single protective intervention is
sufficient, and layered, adaptive strategies produce the greatest reductions in viral
transmission and pandemic mortality [25, 26]. This principle—sometimes termed the
"Swiss cheese model" of pandemic defense—recognizes that each layer of protection
is imperfect but that stacked imperfections overlap sufficiently to approximate
collective protection [27].

The dominance of respiratory protection efficacy data for FFP2/N95 respirators
over surgical masks aligns with evolving understanding of SARS-CoV-2 airborne
transmission, which was formally acknowledged by WHO in April 2021 after
significant scientific debate [28, 29]. Prior pandemic guidance had emphasized droplet
and contact transmission pathways, potentially undervaluing respiratory filtering
devices. This recalibration carries implications for future pandemic planning: airborne
precaution protocols and supply chain preparedness for high-filtration respirators

https://medjournal.it.com/ Volume 2| Issue 4| 2026

( 201 ]

4


https://medjournal.it.com/

v vy *w
.f Clinical and Biomedical Research ISSN: 4005-212 ‘
’ should be integrated into baseline healthcare surge capacity frameworks rather than. ¥

2t
o
s,

reserved as specialized responses [30, 31].
’ Vaccination programs demonstrated the highest individual-level protection
’ against severe disease and death across all reviewed pandemics where efficacious
products were available. However, the equity dimension of vaccine rollout emerged as
’ a critical determinant of population-level impact [32, 33]. COVAX, established in 2020
to guarantee equitable global access to COVID-19 vaccines, delivered 1.87 billion
doses by early 2023, yet low-income countries still received disproportionately fewer
doses per capita during the critical early phase of mass immunization [34]. Studies
from South Africa, Brazil, and India demonstrated that delayed vaccination in high-
transmission environments accelerated the emergence of immune-evasive variants—
Omicron being the most clinically significant—underscoring that pandemic protection
is a global rather than national challenge [35, 36].

The evidence for environmental engineering controls, while largely derived
from experimental and modeling studies rather than large-scale RCTs, is
mechanistically compelling and increasingly supported by epidemiological data from
natural experiments in schools and hospital wards [37, 38]. The ASHRAE-170 and
WHO ventilation guidance standards, if widely implemented in public buildings,
healthcare facilities, and transportation hubs, could significantly reduce baseline
transmission risk for future respiratory pandemic pathogens [39]. Cost-benefit analyses
suggest that retrofitting ventilation systems in critical infrastructure represents
favorable public health investment relative to the economic cost of reactive lockdowns
[40].

Digital health tools for TTI demonstrated meaningful epidemiological impact
when deployed with high population adoption. However, adoption thresholds above
50-60% of a population were rarely achieved voluntarily, and equity concerns around
smartphone access and data privacy limited generalizability [41, 42]. Hybrid models
integrating automated exposure notification with trained human contact tracers
consistently outperformed either approach in isolation, achieving higher case
ascertainment and faster isolation of infectious contacts [43].

Several limitations of this review merit acknowledgment. First, the
heterogeneity of study designs, settings, and outcome definitions across the 50 included
publications limits direct quantitative comparison, and a formal meta-analysis was
beyond the scope of this narrative synthesis. Second, efficacy estimates for NPIs are
particularly sensitive to contextual factors—population density, healthcare system
capacity, cultural norms, and political compliance mechanisms—which introduce
substantial variability across settings [44, 45]. Third, rapidly emerging evidence on
novel vaccine platforms and antiviral agents may not yet be fully captured in peer-

reviewed literature at the time of this review [46].
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Future research priorities include: head-to-head comparative trials of mask types:
in community settings; real-world effectiveness studies of UV-C and far-UVC
implementation; equity analyses of NPI and vaccination co-deployment; and the
development of validated predictive models integrating behavioral, genomic, and
environmental data streams for early pandemic response [47, 48, 49, 50].

Conclusion

The cumulative evidence from five major pandemic periods and 50 high-quality
publications unequivocally demonstrates that effective viral protection during
pandemic crises is not a matter of choosing a single optimal intervention but of
architecting an integrated, adaptive, and equitable system of complementary defenses.
FFP2/NO5 respirators, WHO-compliant hand hygiene, physical distancing, mRNA
vaccination programs, HEPA and UV-C environmental engineering, and digital test-
trace-isolate systems each contribute independently and synergistically to reducing
transmission, morbidity, and mortality from pandemic viral pathogens.

The COVID-19 pandemic, the most extensively documented outbreak in history,
has both validated prior infection control science and revealed critical systemic
vulnerabilities: insufficient PPE stockpiles, inequitable vaccine distribution,
underinvestment in ventilation infrastructure, and fragmented surveillance
architecture. Addressing these vulnerabilities requires sustained political will, pre-
pandemic institutional investment, and international cooperation that transcends the
reactive cycle of crisis and neglect that has characterized pandemic preparedness for
over a century.

Health systems and public health agencies worldwide must now translate the
hard-won lessons of COVID-19 into durable preparedness frameworks—ones that treat
pandemic prevention not as an emergency measure but as a continuous, proactive, and
science-guided public health imperative. The next pandemic pathogen is not a question
of if, but when; the quality of the response will be determined by the investments made
today.
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