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INTRODUCTION 

Poliomyelitis, commonly known as polio, is a highly contagious viral disease caused by the poliovirus. The virus is transmitted primarily through the faecal-oral route and can spread rapidly in areas with poor sanitation, inadequate access to clean water, and low immunisation coverage. Although many infections are asymptomatic or cause only mild flu-like symptoms, severe cases can result in permanent paralysis and, in some instances, death due to respiratory muscle failure. Before the development of effective vaccines, polio outbreaks were responsible for widespread disability and mortality worldwide. Since the establishment of the Global Polio Eradication Initiative (GPEI) in 1988, global polio cases have fallen by more than 99.9%, making polio one of the closest diseases to eradication after smallpox. Despite this progress, wild poliovirus transmission persists in a small number of countries, highlighting the importance of continuous surveillance and monitoring. This essay examines the major approaches used to measure and monitor polio, including Acute Flaccid Paralysis surveillance, laboratory surveillance, environmental surveillance, and vaccination coverage monitoring.

Understanding Polio and the Importance of Surveillance
Polio is a vaccine-preventable disease that primarily affects young children. Once the poliovirus enters the body through contaminated food or water, it multiplies in the intestines and may invade the central nervous system. While most infected individuals do not develop symptoms, approximately one in every 200 infections can lead to irreversible paralysis (World Health Organization, 2025). Effective surveillance systems are therefore essential because many infections occur silently before a paralytic case is identified.
The launch of the Global Polio Eradication Initiative in 1988 marked a turning point in public health efforts to eliminate the disease. Since then, governments, health organizations, and international partners have worked together to strengthen surveillance and immunization systems worldwide. Surveillance enables health authorities to detect poliovirus circulation early, identify vulnerable populations, evaluate eradication progress, and implement rapid intervention measures. Without comprehensive surveillance systems, outbreaks could spread unnoticed and undermine eradication achievements.
To support global eradication efforts, several surveillance approaches work together. These approaches include Acute Flaccid Paralysis (AFP) surveillance, laboratory surveillance, environmental surveillance, and vaccination coverage monitoring. Each system contributes unique information that assists policymakers and healthcare professionals in controlling and preventing poliovirus transmission.
Acute Flaccid Paralysis (AFP) Surveillance
Acute Flaccid Paralysis surveillance is widely recognized as the cornerstone of global polio surveillance. AFP refers to the sudden onset of weakness or paralysis in children younger than fifteen years of age. Since paralysis is the most recognizable clinical manifestation of poliovirus infection, monitoring AFP cases allows health authorities to identify potential polio cases and investigate further.
AFP surveillance involves a structured process. Healthcare workers, hospitals, clinics, and community volunteers are trained to identify and report any cases of sudden paralysis. Once a case is detected, public health authorities are notified immediately. A trained surveillance officer then conducts a detailed investigation, including medical history, vaccination status, travel history, and possible contact with infected individuals.
Following the investigation, two stool specimens are collected from the patient and transported through a controlled cold chain to a specialized laboratory for testing. Results from laboratory analysis determine whether poliovirus is present and whether further public health interventions are required. A follow-up examination is conducted sixty days after the onset of paralysis to assess residual weakness and support final case classification.
AFP surveillance provides several advantages. First, it enables early detection of imported cases and circulating vaccine-derived polioviruses. Second, it provides evidence that countries remain free from active poliovirus transmission. Third, AFP surveillance data help guide vaccination campaigns and outbreak responses. However, AFP surveillance alone may not identify all infections because many individuals infected with poliovirus never develop paralysis. Consequently, additional monitoring approaches are required to complement AFP surveillance.

Laboratory Surveillance
Laboratory surveillance is a critical component of the global polio eradication program because it confirms suspected cases and characterizes circulating virus strains. While AFP surveillance identifies possible cases, laboratory testing provides scientific evidence regarding the presence and type of poliovirus involved.
The process begins with virus isolation, during which stool samples obtained from AFP cases are cultured in specialised laboratories. If poliovirus is detected, further testing is conducted to determine whether the virus is a wild poliovirus, a vaccine-derived poliovirus, or a vaccine-related strain. Molecular diagnostic methods such as polymerase chain reaction (PCR) and genomic sequencing are used extensively throughout this process.
Genomic sequencing has become particularly important because it allows scientists to identify genetic relationships among poliovirus isolates. Through sequencing, public health officials can trace transmission pathways, establish the origins of outbreaks, and determine whether cases in different regions are connected. Such information is essential when planning targeted vaccination strategies and monitoring the effectiveness of interventions.
The Global Polio Laboratory Network (GPLN) supports these activities by providing standardised testing procedures and quality assurance across laboratories worldwide. This network ensures that surveillance data remain accurate, reliable, and comparable between countries. Laboratory surveillance therefore strengthens the evidence base for eradication program and enhances the capacity of health systems to respond rapidly to outbreaks.
Environmental Surveillance
Environmental surveillance, commonly referred to as wastewater or sewage surveillance, has emerged as a highly effective method for detecting hidden poliovirus transmission. Unlike AFP surveillance, which depends on identifying clinical cases, environmental surveillance can detect poliovirus shed in human faeces even when infected individuals display no symptoms.
The surveillance process involves collecting wastewater samples from selected sewage sites at regular intervals. Samples are transported to accredited laboratories and analysed using molecular methods to identify the presence of poliovirus. When the virus is detected in sewage, public health officials can investigate affected areas and implement preventive interventions before paralytic cases occur.
One of the principal advantages of environmental surveillance is its ability to provide an early warning system. Because infected individuals may excrete poliovirus for several weeks without symptoms, wastewater testing can reveal circulation before traditional surveillance systems detect cases. This approach has become increasingly valuable in countries that have already eliminated polio but remain at risk of imported infections.
Environmental surveillance also complements AFP surveillance by filling potential gaps in case detection. For example, poliovirus identified in wastewater may indicate ongoing community transmission in areas where no cases of paralysis have been reported. Consequently, environmental surveillance strengthens confidence in eradication efforts and improves overall surveillance sensitivity.
Recent experience with COVID-19 wastewater monitoring has further demonstrated the value of environmental surveillance for public health decision-making. The lessons learned from polio surveillance have influenced broader applications of wastewater-based epidemiology for infectious diseases worldwide.
Vaccination Coverage Monitoring
Vaccination coverage monitoring is another important strategy used to measure and monitor polio control efforts. Unlike surveillance systems that focus on detecting the virus itself, vaccination monitoring evaluates population immunity and identifies communities at risk of outbreaks.
The primary objective of vaccination coverage monitoring is to assess the proportion of individuals, particularly children, who have received recommended polio vaccine doses. Health authorities collect data through immunization records, household surveys, vaccination registers, and national health information systems. This information helps determine whether communities have sufficient immunity to interrupt poliovirus transmission.
High vaccination coverage is essential because poliovirus spreads easily in under-immunized populations. Monitoring vaccine uptake allows public health officials to identify immunity gaps and target vulnerable communities with supplementary immunization activities. Such interventions may include mass vaccination campaigns, mobile vaccination services, and outreach program in remote areas.
Vaccination coverage data are also important for evaluating program performance. Governments and international organizations use coverage indicators to allocate resources, assess policy effectiveness, and monitor progress toward eradication targets. Areas with low immunization rates can be prioritized for additional support and public health interventions.
Furthermore, vaccination monitoring contributes to health equity by highlighting populations with limited access to healthcare services. Addressing disparities in immunization coverage not only protects individuals from polio but also strengthens broader public health systems and disease prevention programs.
Challenges in Global Polio Surveillance
Despite remarkable achievements, several challenges continue to affect global polio surveillance efforts. Political instability, armed conflict, population displacement, and insecurity have hindered vaccination and surveillance activities in some regions. Afghanistan and Pakistan remain the only countries where endemic wild poliovirus transmission persists, presenting ongoing risks to global eradication.
Another challenge involves vaccine-derived polioviruses, which can emerge in communities with low vaccination coverage. Although oral polio vaccines have played a crucial role in reducing disease transmission, under-immunized populations may occasionally experience outbreaks associated with mutated vaccine strains. Continuous surveillance is therefore necessary to detect both wild and vaccine-derived polioviruses.
Funding constraints also pose difficulties for surveillance systems. Maintaining laboratory networks, environmental monitoring sites, vaccination campaigns, and trained personnel requires substantial investment. As polio cases decline, securing long-term financial support may become increasingly challenging. Nevertheless, sustained commitment remains essential until eradication has been achieved and certified globally.
Finally, globalization and international travel increase the possibility of imported cases. Even countries that have been polio-free for decades remain vulnerable if surveillance systems weaken. Consequently, continuous monitoring, high immunization coverage, and rapid outbreak response mechanisms must remain priorities for public health authorities.

Conclusion 
Polio remains one of the most significant public health challenges targeted for global eradication. Although the disease has been eliminated from most parts of the world, its continued presence in a small number of countries highlights the need for robust surveillance and monitoring systems. Acute Flaccid Paralysis surveillance, laboratory surveillance, environmental surveillance, and vaccination coverage monitoring each play a vital role in detecting poliovirus transmission, assessing population immunity, and guiding public health interventions. Together, these complementary approaches provide comprehensive information that supports rapid outbreak detection, effective vaccination campaigns, and evidence-based decision-making. The substantial reduction in global polio cases since 1988 demonstrates the success of coordinated international efforts involving governments, healthcare professionals, researchers, and global health organizations. However, until all poliovirus transmission is interrupted worldwide, continued vigilance remains essential. Sustained investment in surveillance and immunization programs will be critical to achieving the goal of a permanently polio-free world.
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