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1. INTRODUCTION TO EPIDEMIOLOGY 

Epidemiology is the study of how diseases occur, spread, 

and can be controlled in populations. It focuses on 

understanding the patterns, causes, and effects of health 

and disease conditions in groups of people rather than 

individuals. The main goal of epidemiology is to prevent 

diseases and improve public health by identifying risk 

factors and applying effective control measures. 

 

It helps in tracking the spread of infectious diseases, 

understanding chronic conditions like diabetes and heart 

disease, and planning healthcare strategies. 

Epidemiologists collect and analyze data to find out who 

is affected, where the disease occurs, and why it happens. 

This field plays an important role in controlling 

outbreaks, developing vaccination programs, and 

improving healthcare policies. Overall, epidemiology is 

essential for protecting community health and making 

informed decisions in public health systems.
[1,2]

 

 

2. ROLE OF PUBLIC HEALTH IN 

EPIDEMIOLOGY 

2.1. Introduction to public health and epidemiology 

Public Health is defined as the science and art of 

preventing disease, prolonging life, and promoting health 

through organized efforts of society. Its primary goal is 

to maximize health benefits for the largest population. 

 

Epidemiology (Epi = upon, Demos = people, Logos = 

study) is the study of the distribution and determinants of 

health-related events in populations and applying this 

knowledge to control health problems.
[2]
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2.2. Role of epidemiology in public health practice 

Epidemiology plays a central role in public health by 

guiding decision-making through systematic data 

collection, analysis, and interpretation. It helps in 

identifying disease outbreaks, assessing community 

health status, and evaluating the effectiveness of 

interventions. It also supports evidence-based 

policymaking and resource allocation. 

 

The Public Health Foundation outlines core 

competencies for public health professionals, 

emphasizing the importance of epidemiology in 

workforce development. These competencies are 

categorized into three tiers based on levels of 

responsibility. 

• Tier 1 (Frontline staff): Involves basic data 

collection, understanding public health sciences, and 

contributing to evidence generation. 

• Tier 2 (Supervisory level): Focuses on analysing 

data, assessing community health, and ensuring data 

quality and comparability. 

• Tier 3 (Executive level): Includes strategic decision-

making, ensuring ethical data use, identifying trends, 

and addressing data gaps. 

These competencies ensure that epidemiological skills 

are integrated at all levels of public health practice.
[3]

 

 

2.3. Essential public health services 

Public health systems are guided by ten essential services 

that ensure comprehensive health protection and 

promotion: 

1. Monitoring health status to identify community 

health problems 

2. Diagnosing and investigating health problems and 

hazards 

3. Informing, educating, and empowering people about 

health issues 

4. Mobilizing community partnerships to solve health 

problems 

5. Developing policies that support health efforts 

6. Enforcing laws and regulations that protect health 

7. Linking people to needed health services 

8. Assuring a competent public health workforce 

9. Evaluating the effectiveness and quality of health 

services 

10. Conducting research to develop new health solutions 

These services collectively ensure that public health 

systems function effectively and respond to population 

needs.
[4] 

 

2.4. Public Health Governance 

Public health governance involves the organization and 

management of health systems at different levels. In the 

United States, state and local health departments hold 

primary responsibility for public health, while the federal 

government provides guidance, funding, and support. 

The governance structure operates across multiple levels, 

including federal, state, and local authorities, ensuring 

coordinated efforts in health promotion and disease 

prevention. Core governmental functions in public health 

include assessment, policy development, and assurance. 

These functions ensure that health needs are identified, 

appropriate policies are developed, and services are 

effectively delivered to the population.
[4]

 

 

2.5. Public Health Workforce Competencies 

The effectiveness of public health practice depends on a 

skilled workforce equipped with essential competencies. 

These competencies are grouped into eight domains. 

• Analytical and assessment skills 

• Policy development and program planning 

• Communication skills 

• Cultural competency 

• Community engagement 

• Public health science knowledge 

• Financial planning and management 

• Leadership and systems thinking 

Studies have shown that public health professionals 

generally demonstrate strong skills in communication 

and cultural competency, while gaps exist in 

financialmanagement and policy development. These 

gaps highlight the need for targeted training and 

continuous professional development. 

 

3. NUMERIC ESTIMATES IN EPIDEMIOLOGY
[5]

 

3.1. Introduction 

Numeric estimates are fundamental tools in 

epidemiology used to quantify health events, assess 

disease burden, and support decision-making in public 

health. They involve the use of numerators, 

denominators, ratios, proportions, and rates to describe 

and compare health-related data within populations. 

 

3.2. Numerators in Public Health 

A numerator refers to the count of individuals or events 

of interest, such as the number of people affected by a 

disease or those receiving a specific intervention. It 

represents the top part of a fraction and is essential for 

measuring the magnitude of a health problem. 

Numerators help in understanding the extent of disease, 

comparing populations, monitoring trends over time, and 

guiding resource allocation. Data for numerators can be 

obtained from sources such as surveys, censuses, disease 

registries, observations, and research studies. A critical 

concept related to numerators is the case definition, 

which specifies the criteria for including or excluding 

individuals in the count. Clear case definitions ensure 

accuracy, consistency, and comparability of data, 

especially during outbreaks or surveillance activities. 

 

3.3. Denominators in Public Health 

A denominator represents the total population at risk 

from which the numerator is derived. It forms the bottom 

part of a fraction and provides context to interpret the 

numerator meaningfully. Denominators are crucial 

because they allow public health professionals to 

understand the scale of a problem and make valid 

comparisons across populations or time periods. 

Common sources of denominator data include census 

records, registries, surveys, and international databases 
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such as those from global health organizations. 

Understanding the population structure is essential when 

selecting a denominator. The denominator must 

accurately represent the group at risk of experiencing the 

event being measured. It is important to note that 

individuals counted in the numerator must also be part of 

the denominator. 

 

3.4. Ratios and Proportions 

A ratio is used to compare two quantities and is 

expressed as one value relative to another. It does not 

necessarily imply that the two quantities are related as 

part and whole. A proportion, on the other hand, 

represents a part of a whole, where the numerator is 

included within the denominator. Proportions are often 

expressed as percentages to enhance interpretation and 

communication. These measures are useful for 

describing the composition of populations and 

understanding relationships between different groups or 

characteristics within a population. 

 

3.5. Rates in Epidemiology 

A rate is a measure that describes the occurrence of an 

event in a population over a specified period of time. It 

incorporates both the numerator (number of events) and 

the denominator (population at risk), along with a time 

component. Rates are often standardized per a fixed 

population size, such as per 100 or per 1,000 individuals, 

to facilitate comparison between populations. They are 

widely used to assess disease frequency, monitor trends, 

and evaluate public health interventions. Rates also allow 

comparisons between different groups or time periods. 

For example, they can be used to determine whether a 

particular exposure is associated with an increased or 

decreased likelihood of an outcome. 

 

3.6. Person-Time and Alternative Denominators 

In some epidemiological studies, especially cohort 

studies, the denominator is expressed as person-time, 

which accounts for both the number of individuals and 

the duration of time they are observed. This method is 

useful when individuals are followed for varying periods 

or when some participants are lost to follow-up. Person-

time provides a more accurate estimate of the population 

at risk and allows for precise calculation of rates in 

dynamic populations.
[7]

 

 

3.7 Applications of Numeric Estimates 

Numeric estimates are essential for 

• Measuring disease burden in a population. 

• Comparing health outcomes across populations or 

time periods. 

• Monitoring trends and identifying outbreaks. 

• Evaluating the effectiveness of interventions. 

 

4. DEPICTION OF EPIDEMIOLOGIC DATA 

4.1. Introduction 

Data visualization is the presentation of data in graphical 

or pictorial form to enhance understanding. In public 

health and epidemiology, it is an essential tool used to 

simplify complex data, identify patterns, and 

communicate findings effectively to different audiences. 

 

4.2. Importance of Data Visualization 

Data visualization enables quick comprehension of large 

datasets and helps in identifying trends, relationships, 

and outliers. It supports decision-making, predicts future 

patterns, and conveys clear public health messages. With 

advancements in technology, it has become a central 

component of modern epidemiologic practice.
[8]

 

 

4.3. Types of Data Visualization 

Common forms of data visualization include charts, 

graphs, maps, infographics, dashboards, and storyboards. 

Each type serves a specific purpose and should be 

selected based on the nature of the data and the message 

to be communicated. (Fig 1) 

 

 
Fig. 1: Types of Data Visualization. 
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4.4. Steps in Creating Effective Visualizations 

Effective visualization requires understanding the 

dataset, defining a clear message, and tailoring the 

presentation to the target audience. Practical 

considerations include interactivity, accessibility, and the 

ability to update data regularly. Learning from existing 

examples and best practices enhances the quality of 

visualizations. 

 

4.5. Risk Factors in Public Health 

Public health focuses not only on outcomes such as 

disease and mortality but also on identifying and 

analysing risk factors. These include genetic, 

behavioural, environmental, social, and healthrelated 

factors. Understanding these determinants is essential for 

prevention and intervention strategies. 

 

4.6. Risk Factor Surveillance 

Risk factor data is often collected through surveys and 

surveillance systems, as it typically relies on self-

reported information. Major systems include national and 

global surveys that monitor health behaviours and 

conditions. These data help in tracking trends and 

planning public health interventions. 

 

4.7. Global Disease Burden and Data Sources 

The Global Burden of Disease project provides 

comprehensive estimates of disease impact and 

associated risk factors at global, regional, and national 

levels. Organizations like the Institute for Health Metrics 

and Evaluation generate and analyse such data using 

statistical models, making it accessible for research and 

policy-making. 

 

4.8. Graphical data in Public Health 

Graphs are one of the most widely used tools for 

presenting epidemiological data. They help highlight 

patterns and comparisons that may not be evident in raw 

data. Public health professionals must ensure that graphs 

are clear, accurate, and unbiased. 

 

4.9. Best Practices in Graphing 

Effective graphs should include clear titles, labelled axes, 

defined legends, and properly cited data sources. The 

design should be simple, purposeful, and tailored to 

communicate a specific message without distortion or 

misinterpretation.
[9]

 

 

4.10. Key Considerations in Data Presentation 

The choice of graph type, scale, axes, and colour can 

significantly influence interpretation. Misleading 

elements such as inappropriate scaling, inverted axes, or 

unclear labels should be avoided. Ethical responsibility 

lies in presenting data truthfully and transparently. 

 

5. Basic Mapping of Epidemiologic Data 

5.1. Introduction 

Geographic mapping is an important tool in 

epidemiology used to understand how location 

influences health and disease patterns. It helps in 

identifying spatial distribution, planning interventions, 

and improving public health outcomes.
[10]

 

 

5.2. Role of Geography in Health 

Geography plays a significant role in determining health 

outcomes, as environmental factors such as physical 

surroundings, built environments, social conditions, and 

access to food and resources influence disease 

occurrence. Certain diseases are more prevalent in 

specific locations, highlighting the importance of ―place‖ 

in epidemiology. Geographic information also supports 

effective program planning and resource allocation. 

 

5.3. Geographic Data in Public Health 

Geographic data can be obtained from surveys, satellite 

imagery, government databases, and public sources such 

as census data. This data is used to identify clustering of 

diseases, variation in risk across regions, and 

relationships between environmental exposures and 

health outcomes. 

 

It also helps in predicting patterns in areas with limited 

data.
[11]

 

 

5.4. Geographic Information Systems (GIS) 

GIS is a tool used to collect, store, analyse, and visualize 

spatial data. It allows researchers to examine where 

health events occur, compare patterns across regions, and 

analyse changes over time. GIS serves as a visual 

database that integrates multiple data sources for better 

interpretation and decision-making. 
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Fig. 2:  Geographic Information. 

 

5.5. GIS Software Tools 

Various GIS software tools are available, including 

proprietary options like ArcGIS and free, open-source 

platforms such as QGIS, GeoDa, and gVSIG. These tools 

enable users to create maps, analyze spatial relationships, 

and manage geographic data efficiently. 

 

5.6. Types of Spatial Data 

Spatial data used in GIS is broadly classified into raster 

and vector data. Raster data consists of pixel-based 

images representing continuous or discrete values, while 

vector data represents geographic features as points, 

lines, or polygons. Shapefiles are commonly used 

formats for storing vector data along with associated 

attributes. 

 

5.7. Shapefiles and Data Management 

Shapefiles store geographic features and their attributes 

in multiple linked files. Proper organization and 

management of these files are essential for accurate 

mapping. Attribute tables within shapefiles contain data 

that can be linked with external datasets such as 

population statistics. 

 

5.8. Mapping Process Using GIS 

The mapping process involves adding geographic layers, 

integrating attribute data, and visualizing information 

through categorized representations. Data from sources 

such as census records can be linked to geographic 

boundaries to create meaningful maps. Layers can 

represent different elements like population, 

infrastructure, or disease cases. 

 

5.9. Choropleth Maps 
A choropleth map is a commonly used thematic map that 

represents data through variations in color or shading 

across geographic regions. It is particularly useful for 

displaying population distribution, disease rates, or other 

epidemiological indicators across defined areas.
[12]

 

 

5.10. Applications of GIS in Public Health 

GIS is widely used for disease surveillance, identification 

of high-risk areas, resource allocation, and monitoring 

health trends. It helps public health professionals 

visualize complex data and make informed decisions for 

intervention planning. 

 

6. PROBLEM SOLVING METHODOLOGY 

6.1. Overview of the Problem-Solving Methodology 

The Problem-Solving Methodology (PSM) is a 

systematic, iterative process utilized by multidisciplinary 

teams—including professional epidemiologists—to 

address population-based health crises. The framework 

consists of several non-linear stages: defining the 

problem, measuring its magnitude, developing a 

conceptual framework of determinants, identifying and 

prioritizing interventions (policy and program), 

implementing these strategies, evaluating outcomes, and 

establishing a communication strategy.
[12] 

 

6.2. Problem Definition and Magnitude 

A robust problem definition is considered the most 

critical and challenging step in the methodology. For a 

health issue to be categorized as a "public health 

problem," it must shift focus from individual clinical 

management to population-level outcomes. 

• Framing the Problem: An effective statement must 

specify "Person, Place, and Time" while avoiding 

broad generalizations or premature causal claims. 

• The Baltimore Context: In Baltimore City, the IMR 

was historically reported as significantly higher than 

the state of Maryland and the national average, at 
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one point ranking as the fourth highest among major 

U.S. cities. 

• Racial Disparities: Analysis revealed a persistent 

gap; for instance, in 2009, the IMR for African 

American infants was 18.5 per 1,000 live births 

compared to 3.5 for White infants. Despite some 

fluctuations, this disparity remained a central focus 

of the problem definition.
[13] 

 

6.3. Conceptual Framework and Determinants 

A conceptual framework serves to translate public health 

concepts into practice by identifying the key 

determinants of a health outcome. 

• Proximal Determinants: These are factors closest to 

the outcome and represent "how" to intervene. In 

infant mortality, these include congenital 

malformations, low birth weight, respiratory 

distress, and sudden infant death syndrome (SIDS). 

• Distal Determinants: These are further removed but 

associated with the outcome, categorized as 

environmental or non-modifiable factors (e.g., the 

mother's educational status). These factors typically 

inform "to whom" the intervention should be 

targeted. 

 

6.4. Intervention Strategy and Implementation 

Policy and program selection are driven by an analysis of 

the determinants identified in the conceptual framework. 

• Strategic Interventions: Programs such as "B’more 

for Healthy Babies" (launched in 2009) targeted 

specific causes like accidental death and suffocation 

through safe sleep campaigns and tobacco reduction 

initiatives. 

• Complexity: Policy making is recognized as a 

complex political process that extends beyond 

professional health expertise to include social, 

economic, and historical considerations. 

 

6.5. Monitoring, Evaluation, and Communication 

The final stages of the PSM involve measuring the 

effectiveness of implemented strategies and 

disseminating those findings. 

• Quantitative Evaluation: Programs must be 

expressed in quantitative terms to determine success. 

Between 2009 and 2014, Baltimore’s IMR decreased 

by 24%—from 13.5 to 10.4 deaths per 

1,000 live births. 

• Dissemination: Communication strategies are vital 

for disseminating results to diverse audiences 

through written, oral, and visual mechanisms. While 

the decrease in mortality is promising, evaluation 

shows that racial disparities and IMR levels still 

exceed state averages, requiring ongoing iterative 

refinement of the problem-solving cycle.
[14]

 

 

Table 1: Monitoring, Evaluation. 

S. No. Item Monitoring Evaluation 

1. Frequency Routine,regularly scheduled Episodic 

2. Primary Objective Tracking / oversight Assessment 

3. Purpose 
Improve efficiency; mid-course 

corrections to workplan 

Improve effectiveness, 

impact, future programming 

4. 
Focus 

 

Conformity/fidelity to program 

guidelines, process indicators, 

quarterly and annual goals, workplans 

Effectiveness, impact, 

costeffectiveness, relevance 

5. Data Sources 
Routine surveillance systems, field 

observation, progress reports 

Same, plus surveys and 

special studies 

6. Conducted by TB Focal Person and TBCO 

TBCO, BNTP 

supervisors, MOH, external 

evaluators 

7. Reporting to 
TBCO, District PHS, Matron, 

BNTP, MOH, community 

District PHS, Matron, 

BNTP, funders (e.g., Global 

Fund), other policy-makers 

 

7. DATA SOURCES IN PUBLIC HEALTH
[15, 16, 17]

 

7.1. Overview of Routine and Public Health 

Information Systems 

Routine Health Information Systems (RHIS) and Public 

Health Information Systems (PHIS) serve as the 

foundation for evidence-based decision-making in 

population health. While RHIS data are typically 

generated through continuous administrative and clinical 

processes, PHIS data are often collected for specific 

investigative purposes. Collectively, these systems are 

essential for monitoring progress toward global and 

national health objectives, such as the Millennium 

Development Goals and Healthy People initiatives. 

 

7.2. Civil and Vital Registration Systems 

The most traditional form of RHIS is the civil 

registration system, which records life events such as 

births, deaths, and causes of death. 

• Utility: These systems provide the "denominator" for 

nearly all health statistics, including the Infant 

Mortality Rate (IMR). 

• Data Quality Assessment: The accuracy of mortality 

statistics is measured using a Quality Index Score, 
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which weights the percentage of under-registered 

deaths (70%) and ill-defined causes of death (30%). 

• Global Disparities: Evaluation of registration 

systems in the Americas reveals significant variance; 

while some countries maintain high-quality data, 

others suffer from "poor" or "medium" quality due 

to under-registration (e.g., Belize at 31.9%). 

 

 
Fig. 3: Source of Data. 

 

7.3. Medical and Administrative Record Systems 

• Medical Records: Collected primarily for clinical 

management, these systems include physician notes, 

laboratory values, and procedural codes. However, 

they face challenges such as handwriting legibility 

(in non-electronic systems), missing records, and a 

focus on billing rather than epidemiological trends. 

• Administrative Records: These include data from the 

Census and government-sponsored programs like 

Medicaid and Medicare. While helpful for 

identifying the burden of disease, they are limited by 

the absence of behavioural data and "access 

barriers," as there is often no legal obligation to 

make this data available for research purposes. 

 

7.4. Public Health Information Systems (PHIS) 

PHIS provides richer, topic-oriented data that extends 

beyond basic vital statistics. 

• Population-based Surveys: National and 

international surveys, such as the National Health 

and Nutrition Examination Survey (NHANES) and 

Demographic and Health Surveys (DHS), measure 

self-reported behaviours and biological specimens. 

Limitations include recall bias, social desirability 

bias, and the lack of longitudinal follow-up. 

• Registries: These are outcome-specific databases 

(e.g., the International Agency for Research on 

Cancer) that only include "cases." They allow for 

high-resolution analysis of specific conditions like 

congenital anomalies or end-stage renal disease. 

• Surveillance Systems: Defined as the systematic, 

continuous collection and analysis of data, 

surveillance (e.g., CDC’s FluView) provides near 

real-time insights that allow for immediate public 

health action.
[18]

 

 

7.5. Systematic Challenges and Data Integration 

A primary obstacle in modern epidemiology is that the 

majority of RHIS and PHIS were developed 

independently. This fragmentation leads to. 

• Interoperability Issues: Combining data across 

disparate systems is often logistically and financially 

prohibitive. 

• Infrastructure Gaps: Many regions lack the technical 

guidelines and trained human resources necessary to 

maintain high-quality systems. 

 

8. MEASURES OF DISEASE BURDEN 

8.1. Fundamentals of Mortality Measurement 

Mortality Rates (MR) serve as a primary indicator of the 

severity of illness and the general wellbeing of a 

population. Defined as the number of deaths divided by 

the population at risk, MR is typically expressed per 

1,000 or 100,000 individuals annually. These rates are 

highly sensitive to the demographic composition of a 

population, particularly age and gender distribution. 

Consequently, crude mortality rates—the unadjusted 

total number of deaths—can be misleading when 

comparing populations with different age profiles. 
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8.2. Age Standardization Methodologies 

To facilitate accurate comparisons between disparate 

populations (e.g., comparing a "young" developing 

nation to an "aging" industrialized one), epidemiologists 

utilize age standardization to remove the confounding 

effect of age. 

• Direct Age Standardization: This method applies the 

observed age-specific mortality rates of the 

population of interest to a "standard population" 

(such as the 2000 U.S. Standard or the WHO World 

Standard). This calculates a hypothetical number of 

deaths that would occur if the study population had 

the same age structure as the standard. 

• Indirect Age Standardization: Used primarily when 

age-specific death counts are small or unavailable, 

this method calculates the Standardized Mortality 

Ratio (SMR). The SMR compares the observed 

number of deaths in a study population to the 

"expected" deaths based on the rates of a standard 

population. An SMR greater than 100 indicates a 

higher risk than the standard, while an SMR below 

100 indicates a lower risk.
[19, 20]

 

 

 
Fig. 4:  Measures of Disease Burden. 

 

8.3. Measures of Premature Mortality and Life 

Expectancy 

Standard mortality rates often fail to capture the social 

and economic impact of deaths occurring at younger 

ages. 

• Years of Potential Life Lost (YPLL): This metric 

measures premature mortality by summing the years 

lost relative to a predetermined endpoint (commonly 

age 75). YPLL highlights causes of death that 

disproportionately affect younger individuals, such 

as homicides, accidents, and HIV/AIDS, which may 

not rank as high when using traditional mortality 

rates. 

• Life Expectancy: This represents the average 

number of years remaining for an individual at a 

given age, assuming current age-specific mortality 

rates persist. Life expectancy is a vital indicator of a 

society’s health. These figures are derived from 

period life tables, which track a hypothetical cohort 

through a series of age-specific mortality 

conditions.
[22]

 

 

8.4. Quality and Disability-Adjusted Metrics 

Modern public health requires measures that incorporate 

both the quantity and quality of life to assess the total 

global burden of disease. 

• Disability-Adjusted Life Years (DALY): The DALY 

measures the gap between current health status and 

an ideal situation where everyone lives to the 

standard life expectancy in full health. It combines 

Years of Life Lost (YLL) due to premature death 

and Years Lived with Disability (YLD). One DALY 

represents the loss of one year of "healthy" life. 

• Quality-Adjusted Life Years (QALY): Frequently 

used in health economic and cost-effectiveness 

analyses, QALYs weight years of life by a quality 

factor (where 1 is perfect health and 0 is death). This 

allows policymakers to quantify the benefit of a 

medical intervention; for instance, an intervention is 

often considered cost-effective if it costs less than 

$50,000 per QALY gained. 

 

8.5. Application in Public Health Policy 

These measures are not merely statistical exercises; they 

are essential for prioritization and decision-making. By 

analysing mortality data through standardized rates, 

YPLL, and DALYs, epidemiologists can identify racial 

and ethnic health disparities, monitor the effectiveness of 

public health interventions over time, and allocate 

resources to the areas of greatest need. The integration of 

mortality and morbidity data provides a comprehensive 

view of population health that crude death counts alone 

cannot provide. 

 



Yadav et al.                                                                      European Journal of Pharmaceutical and Medical Research 

 

 

www.ejpmr.com        │        Vol 13, Issue 5, 2026.         │        ISO 9001:2015 Certified Journal         │ 

 

 

 

 
418 

9. HEALTH INDICATORS 

9.1. Fundamentals of Health Indicators 

Health indicators serve as the primary quantitative 

measures for assessing the health status of a population. 

These variables are susceptible to direct measurement 

and are used by epidemiologists to reflect the state of 

health of persons within a community. 

Characteristics of Effective Indicators: To be considered 

robust, a health indicator must be valid (measuring what 

it intends to measure), reliable (yielding consistent 

results across different observers), sensitive (responsive 

to changes in the situation), and specific (reflecting 

changes only in the situation under study). 

 

 
Fig. 5: Health Status Indicator. 

 

9.2. Dimensions of Descriptive Epidemiology 

Descriptive epidemiology organizes and summarizes 

health data according to three essential dimensions: 

Person, Place, and Time. This triad is fundamental for 

generating hypotheses regarding the etiology of diseases 

and identifying high-risk groups. 

 

Inherent Characteristics: Age and sex are the most potent 

predictors of health outcomes. Age, in particular, is 

strongly associated with varying risks of chronic disease 

and mortality. 

• Acquired and Social Attributes: These include 

marital status, immune status, educational 

attainment, and socioeconomic position.
[25]

 

• Behavioural Factors: Factors such as tobacco use, 

diet, and physical activity provide insight into 

lifestyle-related health risks. 

 

B. Place (The "Where") 

Geographic variation in disease frequency provides clues 

about environmental, social, or political determinants. 

• Geopolitical Units: Data are often analysed at the 

international, national, state, or neighborhood level. 

For instance, drug overdose mortality rates show 

significant variation across U.S. states, indicating 

the influence of local policies and drug availability. 

• Environment and Culture: Place-based analysis 

accounts for climate, urban versus rural settings, and 

local cultural or ethnic concentrations that may 

influence health behaviours. 

 

C. Time (The "When") 

The temporal dimension tracks the occurrence of health 

events over specific periods to identify patterns of 

disease emergence or decline. 

• Secular (Long-term) Trends: Observing changes 

over years or decades helpsevaluate the long-term 

impact of public health policies or medical 

advancements. 

• Seasonality and Cyclicity: Certain diseases, such as 

influenza, exhibit predictable seasonal fluctuations. 

• Point Epidemics: Brief, sharp increases in cases 

linked to a specific exposure over a short 

duration.
[27,30]

 

 

9.3. Case Study: Liver Cancer Incidence in the United 

States 

Applying the descriptive triad to liver cancer incidence 

(data from 2005–2014) illustrates the practical 

application of health indicators. 

• Person-Level Analysis: Statistics reveal that liver 

cancer incidence is consistently higher in males than 

in females across all age groups. Age-specific data 

shows that the risk increases significantly as 

individuals age, peaking in later life stages. 

Place-Level Analysis: Geographic mapping indicates 

that certain regions, such as the Western United 
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States and the South, exhibit higher age-adjusted 

incidence rates compared to the Midwest. These 

regional disparities suggest differences in the 

prevalence of risk factors like Hepatitis C or 

environmental exposures. 

• Time-Level Analysis: Longitudinal data across the 

decade indicates a secular increase in liver cancer 

rates for both sexes, emphasizing the need for 

targeted screening and preventative public health 

strategies. 

 

9.4. Strategic Application 

The systematic application of health indicators within the 

descriptive epidemiology framework allows public 

health professionals to move from raw data to actionable 

intelligence. By standardizing rates for age and other 

confounding variables, researchers can ensure that 

comparisons across different populations (Person), 

locations (Place), and eras (Time) are scientifically valid. 

This structured approach is essential for identifying 

health disparities and ensuring that interventions are 

evidence-based and efficiently targeted toward the most 

burdened segments of the population.
[31, 32]

 

 

10. SURVEILLANCE AS A CORE PUBLIC 

HEALTH FUNCTION 

10.1. Fundamentals and History of Public Health 

Surveillance 

Public Health Surveillance is defined as the systematic, 

ongoing collection, analysis, and interpretation of health-

related data. It is a core function of public health, serving 

as the "eyes and ears" of the health system. The primary 

purpose is to provide actionable intelligence for the 

planning, implementation, and evaluation of public 

health practice. 

 

Historical Evolution 

Antiquity: Concepts of "watching over" populations to 

manage health risks date back centuries. 17th–19th 

Century: John Graunt analysed London's "Bills of 

Mortality" (1662) to identify patterns of death. Later, 

William Farr (mid-1800s) established the foundation for 

modern surveillance by systematically collecting and 

analysing death records in England and Wales. 20th 

Century to Present: Alexander Langmuir (1950s) shifted 

the focus from watching individuals (quarantine) to 

watching populations (disease trends). 

 

10.2. The Public Health Surveillance Cycle 

Surveillance is not merely data collection; it is a 

continuous loop consisting of five critical steps 

1. Data Collection: Gathering information from 

hospitals, laboratories, and providers. 

2. Analysis: Identifying trends, clusters, or anomalies 

in the data. 

3. Interpretation: Determining the significance of the 

findings (e.g., is an increase in cases a true outbreak 

or a testing artifact?). 

4. Dissemination: Communicating results to 

stakeholders, including policy makers, clinicians, 

and the public. 

5. Action: Using the disseminated information to 

trigger public health interventions, such as 

vaccination campaigns or policy changes. 

 

 
Fig. 6: Public health surveillance. 

 

10.3. Types and Methods of Surveillance 

Surveillance systems are categorized based on how data 

is acquired and the level of detail provided. 

• Passive Surveillance: The most common method. 

Health departments wait for providers or 

laboratories to report "notifiable" diseases. It is 

inexpensive but often suffers from underreporting. 
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Active Surveillance: Health department staff 

proactively contact providers or visit facilities to 

identify cases. This is more accurate and complete 

but highly resource-intensive; it is typically used 

during outbreaks or for disease elimination efforts. 

• Syndromic Surveillance: Monitoring "syndromes" 

(e.g., a spike in "flu-like illness" or pharmacy sales 

of anti-diarrheal meds) rather than confirmed 

laboratory cases. This allows for earlier detection of 

potential outbreaks before a definitive diagnosis is 

made. 

• Sentinel Surveillance: Data is collected from a pre-

selected, limited number of sites (sentinel sites) to 

represent a larger population. This is efficient for 

monitoring trends in common diseases like 

influenza. 

 

10.4. International and Domestic System Examples 

Surveillance operates at multiple levels to ensure global 

and local health security. 

• International Level (EARS-Net): The European 

Antimicrobial Resistance Surveillance Network 

monitors antibiotic resistance patterns across 

Europe. This allows countries to coordinate 

responses to multi-drug-resistant organisms. 

• National Level (FluView): The CDC’s FluView 

system provides a weekly comprehensive picture of 

influenza activity in the United States. It integrates 

virologic data, outpatient visit trends, and mortality 

statistics. 

• Local Level: Municipal health departments track 

local outbreaks (e.g., foodborne illness at a specific 

restaurant) to implement immediate control 

measures. 

 

10.5. Legal and Ethical Frameworks 

The authority to conduct surveillance is grounded in the 

"Police Power" of the state, which grants the government 

the right to protect the health, safety, and welfare of the 

public. 

• Mandatory Reporting: Most jurisdictions have laws 

requiring clinicians and labs to report specific 

"Notifiable Diseases." 

• Privacy vs. Public Good: While individual privacy is 

protected (e.g., HIPAA in the U.S.), public health 

surveillance is often exempt from certain consent 

requirements because the data is vital for protecting 

the collective population. 

 

Global Health Regulations: The International Health 

Regulations (IHR 2005) represent a legally binding 

agreement among WHO member states to report certain 

disease outbreaks and public health emergencies of 

international concern.
[35, 36] 

 

10.6. Intersection with Everyday Life 

Surveillance systems often operate in the background of 

daily activities. Examples include. 

• Being tested for a virus (e.g., flu or COVID-19) 

results in data being fed into local surveillance 

systems. 

• Monitoring crime statistics or restaurant health 

inspection scores in a neighborhood. 

• Contributing to "crowdsourced" surveillance by 

reporting symptoms on mobile health applications. 

 

10.7. Summary of Utility 

Public health surveillance is indispensable for: 

1. Detecting Outbreaks: Identifying sudden increases 

in disease incidence. 

2. Monitoring Trends: Tracking the rise or fall of 

chronic diseases over decades. 

3. Evaluating Interventions: Determining if a new 

policy or vaccine program is actually reducing the 

disease burden. 

4. Setting Priorities: Directing limited health resources 

to the populations or geographic areas with the 

highest need. 

 

11. DEFINING SURVEILLANCE OBJECTIVES 

11.1. Establishing Surveillance Objectives 

The foundation of any public health surveillance system 

is a clearly defined objective. These objectives must be 

directly linked to specific public health actions. Without 

a precise goal, data collection becomes an inefficient use 

of resources. 

 

Key Examples of Objectives. 

• Outbreak Detection: Identifying a sudden increase in 

cases to initiate an immediate investigation. 

• Disease Burden Estimation: Determining how many 

people are affected by a condition to prioritize 

resource allocation. 

• Trend Monitoring: Observing whether a disease is 

increasing or decreasing over a long period. 

Elimination/Eradication Monitoring: Tracking the 

final remaining cases of a disease (e.g., Polio) to 

ensure it does not return. 

 

Action-Oriented Design: A system designed to detect a 

single case of a rare, dangerous pathogen (like Ebola) 

will look very different from a system designed to 

estimate the annual impact of a common illness (like 

seasonal influenza).
[37, 38] 

 

11.2. The Role and Structure of Case Definitions 

A case definition is a set of standard criteria used to 

decide whether a person should be classified as having 

the condition of interest. Consistency in case definitions 

ensures that data can be compared over time and across 

different geographic areas. 

 

Components of a Case Definition 

• Clinical Criteria: Signs (observed by a doctor) and 

symptoms (reported by the patient). 

• Laboratory Criteria: Confirmed results from blood 

tests, swabs, or imaging. 
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• Epidemiological Linkage: Evidence that the patient 

was exposed to a known case or a specific source 

(e.g., attended a specific event). 

 

Levels of Certainty 

• Suspected Case: Based on broad clinical symptoms; 

used for early reporting. 

• Probable Case: Strong clinical and epidemiological 

evidence, but lacking lab confirmation. 

• Confirmed Case: Requires definitive laboratory 

proof. 

 

11.3. Strategic Trade-offs: Sensitivity vs. Specificity 

Public health officials must balance the "quality" of the 

data against the "workload" required to collect it. No 

system is perfect, and every design choice involves a 

trade-off. 

 

Sensitivity (The Wide Net): A sensitive system aims to 

capture every possible case. This often results in "false 

positives"—reporting people who don't actually have the 

disease. High sensitivity is vital for rare or highly 

infectious diseases where missing even one case is 

dangerous. 

 

Specificity (The Precision Tool): A specific system aims 

to only capture "true" cases. This often results in "false 

negatives"—missing real cases that don't meet the strict 

laboratory criteria. Workload vs. Quality: Increasing the 

requirements for a case (e.g., requiring expensive lab 

tests) improves data quality but increases the burden on 

healthcare workers, which can lead to 

underreporting.
[39,40] 

 

 

 

Table 2: Sensitivity vs Specificity. 

S. No. Sensitivity Specificity 

1. 
Measures ability to detect low analyte 

concentrations. 

Measures ability to distinguish target analyte 

from other substances. 

2. 
Expressed  as  concentration  per  unit 

response. 

Usually  expressed  as  percentage  (true 

positives). 

3. Determined using calibration curve. 
Evaluated by distinguishing analyte from 

interferents. 

4. 
Affected by instrumentation and detection 

methods. 

Affected  by  selectivity  and  separation 

methods. 

5. 
May detect unrelated substances (false 

positives). 

Reduces false positives by focusing on correct 

identification. 

6. Less likely to have false negatives. May lead to false negatives in some cases. 

7. 
Useful in medical diagnostics for early 

detection. 
Ensures accurate identification in diagnostics. 

8. Important for detecting trace contaminants. Ensures correct identification of pollutants. 

9. 
Ensures quantification of pharmaceutical 

ingredients. 
Confirms absence of impurities. 

10. Focuses on detection capability. Focuses on discrimination capability. 

11. 
Choice depends on need for detection vs 

accuracy. 

Choice depends on need for specificity vs 

interference control. 

 

11.4. Surveillance as an Observational Process 

Surveillance is a filter through which we view the health 

of a population. It is critical to recognize that the data we 

see is not the absolute "truth," but rather a reflection of 

our ability to observe. 

 

The Surveillance Pyramid: Many individuals with a 

disease never enter the surveillance data. 

 

The process depends on. 

1. The person feeling ill and seeking care. 

2. The healthcare provider ordering a test. 

3. The laboratory correctly identifying the pathogen. 

4. The facility reporting the case to health authorities. 

 

Gaps in Observation: If a community lacks access to 

healthcare or if a specific group (e.g., marginalized 

populations) avoids clinics, the surveillance system will 

be "blind" to those cases. An outbreak can occur without 

ever being "detected" if the observational process fails at 

any level.
[40]

 

 

11.5. Summary of Best Practices 

To ensure a surveillance system is effective, it must be 

optimized according to the available resources and the 

primary public health objective. 

1. Define the Action First: Determine exactly what will 

be done with the data before setting up the system. 

2. Standardize Definitions: Use clear, tiered case 

definitions to allow for meaningful analysis. 

3. Evaluate Gaps: Regularly assess the system to 

identify who is being left out of the observational 

process. 

4. Balance Resources: Match the complexity of the 

data collection to the capacity of the local health 

infrastructure to prevent system "burnout." 

 



Yadav et al.                                                                      European Journal of Pharmaceutical and Medical Research 

 

 

www.ejpmr.com        │        Vol 13, Issue 5, 2026.         │        ISO 9001:2015 Certified Journal         │ 

 

 

 

 
422 

12. CONCLUSION 

Epidemiology plays a fundamental role in public health 

practice by providing the scientific basis for 

understanding the distribution and determinants of 

health-related states and events in populations. It serves 

as the backbone for evidence-based decision-making, 

enabling public health professionals to identify risk 

factors, monitor disease trends, and evaluate the 

effectiveness of interventions. Through systematic data 

collection, analysis, and interpretation, epidemiology 

supports the planning, implementation, and assessment 

of health programs at local, national, and global levels. 

One of the most significant contributions of 

epidemiology is its ability to detect and respond to 

outbreaks and emerging health threats. Surveillance 

systems, supported by epidemiological methods, allow 

for early identification of unusual patterns of disease 

occurrence. This timely detection is crucial in preventing 

the spread of infectious diseases and minimizing their 

impact on communities. In addition, epidemiology has 

proven essential in addressing non-communicable 

diseases such as cardiovascular diseases, diabetes, and 

cancer, which are now leading causes of morbidity and 

mortality worldwide. 

 

Epidemiology also contributes to the development of 

health policies and strategies. By identifying high-risk 

populations and understanding the factors influencing 

disease occurrence, policymakers can design targeted 

interventions that are both efficient and cost-effective. 

Furthermore, epidemiological studies provide the 

evidence required to allocate resources appropriately and 

prioritize health issues based on their burden and impact. 

 

In public health practice, epidemiology fosters a 

multidisciplinary approach by integrating knowledge 

from biostatistics, environmental health, social sciences, 

and clinical medicine. This holistic perspective ensures 

that health problems are addressed comprehensively, 

considering biological, social, and environmental 

determinants. Moreover, epidemiology supports health 

promotion and disease prevention by identifying 

modifiable risk factors and guiding behavioral and 

community-based interventions. 

 

Despite its strengths, epidemiology faces several 

challenges, including data limitations, emerging diseases, 

and the need for rapid response in dynamic health 

situations. However, advancements in technology, data 

analytics, and global collaboration are enhancing the 

capacity of epidemiology to address these challenges 

effectively. The integration of digital health tools and 

real-time data systems is further strengthening 

surveillance and response mechanisms. 

 

In conclusion, epidemiology is indispensable to public 

health practice. It not only helps in understanding health 

patterns and causes but also provides practical solutions 

for improving population health. As health challenges 

continue to evolve, the role of epidemiology will remain 

critical in ensuring effective disease prevention, control, 

and health promotion. 
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