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ABSTRACT: Measles remains one of the most contagious viral diseases globally despite the availability of an effective vaccine.
This review provides a comprehensive analysis of the etiology and virology of measles, emphasizing their implications for
eradication. Measles is caused by the Measles virus, a negative-sense RNA virus of the family Paramyxoviridae. Its strict human
tropism, antigenic stability, and absence of an animal reservoir make it an ideal candidate for eradication. However, high
transmissibility, immune suppression, and gaps in vaccination coverage—particularly in regions such as Nigeria—continue to
challenge elimination efforts. This manuscript synthesizes molecular virology, transmission dynamics, and immunopathogenesis,
and critically evaluates the biological and programmatic feasibility of measles eradication.
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1. INTRODUCTION

Measles is a highly contagious viral disease of major public health importance, particularly in low- and middle-income countries.
Despite substantial progress in global vaccination efforts led by organizations such as the World Health Organization, measles
continues to cause periodic outbreaks and significant mortality among unvaccinated populations.

Understanding the etiology and virological characteristics of measles is central to evaluating its eradication potential. Unlike many
other viral pathogens, measles possesses biological features that strongly favor eradication, yet persistent epidemiological and health
system challenges hinder this goal.

2. ETIOLOGY OF MEASLES

2.1 Causative Agent

Measles is caused by the Measles virus, an enveloped virus with a non-segmented, negative-sense RNA genome.
Family: Paramyxoviridae

Genus: Morbillivirus

2.2 Structural Organization

The measles virus contains six structural proteins:

Hemagglutinin (H): receptor binding

Fusion (F): membrane fusion

Nucleocapsid (N): RNA encapsidation

Matrix (M): virion assembly

Large (L) polymerase: RNA synthesis

Phosphoprotein (P): polymerase cofactor

These proteins coordinate efficient viral entry, replication, and immune evasion.
2.3 Reservoir and Host Range

Humans are the exclusive natural reservoir, with no zoonotic or environmental reservoirs identified. This unique feature is a
cornerstone of eradication feasibility.

3. VIROLOGY AND PATHOGENESIS

3.1 Viral Entry and Cellular Tropism

The virus gains entry through the respiratory tract and utilizes:
CD150 (SLAM) receptors on immune cells
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Nectin-4 receptors on epithelial cells
This dual receptor usage enables both systemic dissemination and efficient transmission.

3.2 Replication Cycle

Following entry:

i Primary replication in respiratory epithelium

ii. Spread to lymphoid tissues

iii. Primary viremia

iv. Secondary replication in reticuloendothelial system
V. Dissemination to target organs

3.3 Immunopathogenesis

A hallmark of measles infection is profound but transient immunosuppression, characterized by:

Lymphopenia

Suppression of cell-mediated immunity

Increased susceptibility to secondary infections

This contributes significantly to measles-associated mortality.

4. TRANSMISSION DYNAMICS
Measles spreads via:

i Airborne aerosols

ii. Respiratory droplets

Key features:

Infectious period: ~4 days before to 4 days after rash
Environmental stability: up to 2 hours in air/surfaces
Basic reproduction number (Ro): 12-18

This extreme transmissibility necessitates >95% vaccination coverage for herd immunity.

5. GENETIC STABILITY AND ANTIGENIC PROFILE

Despite multiple genotypes, the Measles virus is antigenically monotypic, meaning:
One vaccine confers protection against all strains

No significant antigenic drift compromising vaccine efficacy

This is a major advantage over viruses like Influenza virus.

6. POTENTIALITIES FOR GLOBAL ERADICATION
6.1 Biological Feasibility

Measles meets key criteria for eradication:

i Human-only reservoir

ii. Effective, long-lasting vaccine

iii. Clear clinical presentation

iv. Reliable diagnostics

6.2 Programmatic Advantages

i Strong global vaccination frameworks
ii. Established surveillance systems

iii. Auvailability of cost-effective vaccines

6.3 Challenges to Eradication

Despite favorable biology, several barriers persist:
a. High Transmissibility

Requires extremely high vaccination coverage

b. Immunization Gaps

Particularly in regions such as Nigeria due to:

i Conflict and insecurity

ii. Weak health systems

iii. Vaccine hesitancy

IJHMR, Volume 05 Issue 05 May 2026 www.ijhmr.com

Page 426


http://www.ijhmr.com/

Etiology and Virology of Measles: Implications and Potentialities for Global Eradication

iv. Other Key barriers include inconsistent vaccination coverage, insecurity in conflict-affected regions, population
displacement, misinformation, and inadequate funding (WHO, 2023; UNICEF, 2022).

c. Surveillance Limitations

Underreporting and delayed outbreak detection

6.4 Lessons from Smallpox

The successful eradication of Smallpox demonstrates that:
Viral diseases with similar characteristics can be eradicated
Political will and coordinated global action are essential

7. DISCUSSION

The virological simplicity and antigenic stability of measles contrast sharply with its epidemiological persistence. While the
biological profile strongly supports eradication, the bottleneck lies in implementation gaps, particularly in resource-limited settings.
In countries like Nigeria, strengthening routine immunization, enhancing outbreak response, and integrating molecular surveillance
are critical. Advances in genomic epidemiology and digital health tools offer new opportunities to track transmission and improve
intervention strategies

However, Measles remains one of the most contagious human viral infections despite the availability of a safe and highly efficacious
vaccine. The persistence of measles transmission in endemic regions such as Nigeria underscores a critical paradox in infectious
disease control: biological eradicability does not equate to operational feasibility. This discussion synthesizes virological
characteristics, host—pathogen interactions, and systemic barriers to eradication.

1. Virological Determinants of Transmission and Eradication Feasibility

The measles virus, a member of the Paramyxoviridae family (genus Morbillivirus), exhibits several features that strongly favor
eradication. It is an antigenically monotypic virus with minimal genetic drift affecting immunogenic epitopes, particularly within
the hemagglutinin (H) protein, which is the primary target of neutralizing antibodies (GRIFFIN, 2013; MOSS, 2017). This antigenic
stability ensures that vaccine-induced immunity remains broadly protective across circulating genotypes.

Moreover, measles lacks a non-human reservoir, and transmission is strictly human-to-human via respiratory droplets and aerosols.
Theoretically, this positions measles alongside smallpox as a candidate for eradication (DABBAGH ET AL., 2018). However, its
exceptionally high basic reproduction number (Ro: 12-18) necessitates herd immunity thresholds exceeding 95%, which is difficult
to sustain in settings with weak immunization systems (FINE ET AL., 2011).

2. Immunopathogenesis and Clinical Implications

A defining feature of measles infection is its ability to induce profound but transient immunosuppression, often termed “immune
amnesia.” Following infection, there is depletion of pre-existing memory B and T lymphocytes, mediated through infection of
CD150 (SLAM)-expressing immune cells (MINA ET AL., 2019). This results in increased susceptibility to secondary infections,
which account for a substantial proportion of measles-related mortality in low-resource settings.

The dual receptor tropism—CD150 on immune cells and nectin-4 on epithelial cells—facilitates both systemic dissemination and
efficient viral shedding (MUHLEBACH ET AL., 2011). This biological efficiency reinforces measles’ transmission advantage and
complicates outbreak containment, especially in densely populated environments

3. Vaccination Dynamics and Programmatic Challenges

Despite global vaccination efforts led by organizations such as the World Health Organization and UNICEF, measles outbreaks
persist due to immunization gaps, particularly in Sub-Saharan Africa. Nigeria remains a high-burden country, where suboptimal
routine immunization coverage and inconsistent supplementary immunization activities (SIAs) contribute to periodic outbreaks
(WHO, 2023).

Barriers to optimal vaccine coverage include:

Weak health infrastructure

Vaccine hesitancy and misinformation

Insecurity and population displacement (notably in Northern Nigeria)

Cold chain limitations

The measles vaccine, typically administered as part of the measles-containing vaccine (MCV1 and MCV?2), is highly effective
(~97% after two doses). However, failure to achieve timely administration of the second dose significantly reduces population
immunity (PATEL ET AL., 2020).

4. Surveillance and Molecular Epidemiology
Robust surveillance systems are essential for measles elimination. Molecular epidemiology, through genotyping of circulating
strains, has become an indispensable tool for tracking transmission pathways and verifying interruption of endemic transmission
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(RIVA ET AL., 2017). However, surveillance gaps in resource-limited settings hinder accurate disease burden estimation and
outbreak response.

Integration of genomic surveillance with digital health tools and artificial intelligence offers promising avenues for real-time
outbreak detection and response optimization. This aligns with emerging paradigms in genomic epidemiology and precision public
health.

5. Lessons from Smallpox and Implications for Measles Eradication

The successful eradication of smallpox through the Smallpox Eradication Program provides a strategic blueprint. Key elements
included:

i High vaccination coverage

ii. Strong surveillance—containment strategies

iii. Global coordination

However, measles differs significantly due to its higher transmissibility and shorter incubation period, requiring more aggressive
and sustained immunization efforts. Additionally, asymptomatic transmission is rare in measles, which is advantageous, but the
rapid spread before rash onset complicates containment.

6. Future Directions and Innovations

Emerging strategies to accelerate measles eradication include:

Development of thermostable vaccines to overcome cold chain constraints

Aerosolized vaccine delivery systems for mass campaigns

Integration with rubella elimination programs

Use of Al-driven surveillance systems for predictive outbreak modeling

Furthermore, strengthening primary healthcare systems and addressing socio-political determinants of health are indispensable for
sustained progress.

7. Significance for Nigeria and Sub-Saharan Africa

In Nigeria, achieving measles elimination requires a context-specific, multi-sectoral approach. This includes:

i Strengthening routine immunization systems

ii. Expanding community engagement and risk communication

iii. Leveraging mobile health technologies for vaccine tracking

iv. Enhancing laboratory diagnostic capacity

V. Given Nigeria’s demographic weight and epidemiological significance, progress within the country will substantially
influence regional and global measles eradication goals.

8. CONCLUSION

Measles remains both a preventable tragedy and an eradicable disease. Its etiology and virology provide a compelling scientific
basis for eradication. However, achieving this goal requires sustained global commitment, equitable vaccine access, and robust
health systems.

REFERENCES

1) Dabbagh, A., Et Al. (2018). Progress Toward Regional Measles Elimination — Worldwide, 2000-2017. Mmwr, 67(47),
1323-1329.

2) Fine, P, Et Al. (2011). Herd Immunity: A Rough Guide. Clinical Infectious Diseases, 52(7), 911-916.

3) Griffin, D. E. (2013). Measles Virus. Fields Virology, 6th Edition.

4) Mina, M. J., Et Al. (2019). Measles Virus Infection Diminishes Preexisting Antibodies. Science, 366(6465), 599-606.

5) Moss, W. J. (2017). Measles. Lancet, 390(10111), 2490-2502.

6) Muihlebach, M. D., Et Al. (2011). Measles Virus Uses Nectin-4 As An Epithelial Receptor. Nature, 480, 530-533.

7) Patel, M. K., Et Al. (2020). Progress Toward Regional Measles Elimination — Worldwide, 2000-2019. Mmwr, 69(45),
1700-1705.

8) Riva, P., Et Al. (2017). Molecular Epidemiology Of Measles Virus. Viruses, 9(9), 243.

9) World Health Organization (2023). Measles Surveillance Data And Global Trends.

10) World Health Organization (Who). (2023). Measles Fact Sheet.

11) Centers For Disease Control And Prevention (Cdc). (2022). Measles (Rubeola).

IJHMR, Volume 05 Issue 05 May 2026 www.ijhmr.com Page 428


http://www.ijhmr.com/

