
Innovations in the 
Entomological Surveillance  
of Vector-borne Diseases 



 



Innovations in the 
Entomological Surveillance  
of Vector-borne Diseases 

Edited by 

Ronald Markwardt 
and Prapa Sorosjinda-Nunthawarasilp 
 
 



Innovations in the Entomological Surveillance of Vector-borne Diseases 
 
Edited by Ronald Markwardt and Prapa Sorosjinda-Nunthawarasilp 
 
This book first published 2021  
 
Cambridge Scholars Publishing 
 
Lady Stephenson Library, Newcastle upon Tyne, NE6 2PA, UK 
 
British Library Cataloguing in Publication Data 
A catalogue record for this book is available from the British Library 
 
Copyright © 2021 by Ronald Markwardt,  
Prapa Sorosjinda-Nunthawarasilp and contributors 
 
All rights for this book reserved. No part of this book may be reproduced, stored in a 
retrieval system, or transmitted, in any form or by any means, electronic, mechanical, 
photocopying, recording or otherwise, without the prior permission of the copyright 
owner. 
 
ISBN (10): 1-5275-7024-X 
ISBN (13): 978-1-5275-7024-5 



TABLE OF CONTENTS 
 
 
 
List of Illustrations ................................................................................... xiii 

Acknowledgments .................................................................................... xvi 

Preface ..................................................................................................... xvii 

Editor’s Notes ........................................................................................... xix 

Part 1: Specifics of Vector-Borne Disease Epidemiology 

Introduction ................................................................................................. 2 

Chapter One ................................................................................................. 9 
Environments of Pathogens, Carriers and Human Victims 
Ronald Markwardt, Prapa Sorosjinda Nunthawarasilp 

Understanding Endemicity (Malaria example) ...................................... 9 
Transmission patterns of vector-borne pathogens ................................ 10 
Prevention vs Treatment interventions................................................. 12 
Emerging and Persistent vector-borne Diseases .................................. 12 
 

Chapter Two .............................................................................................. 14 
Ecotopes, Epidemiology, Endemicity and Entomology 
Ronald Markwardt 

“Disease endemic areas” or “hotspots” ................................................ 14 
Ecotopes: Refining the search for sources of infection ........................ 15 
As environments change, disease patterns change ............................... 15 
Do humans correct the environment? .................................................. 16 
New Epidemiological techniques and strategies .................................. 17 
 

References for Part 1 ................................................................................. 19 
 
Part 2: Relationships between Vector-Borne Disease Patterns  
and Environment 

 
Introduction ............................................................................................... 22 

Research Framework ........................................................................... 22 



Table of Contents 
 

vi

Chapter Three ............................................................................................ 24 
Malaria Surveillance Research 
Ronald Markwardt 

Perceptions about the etiology and transmission of malaria ................ 24 
Behavioral and social aspects of malaria and its control ................ 24 
Entomological aspects of malaria endemicity ................................ 26 

Genetic, ethnic, and environmental concerns ...................................... 27 
Understanding Endemicity ................................................................... 28 
Theoretical considerations regarding endemic disease areas ............... 29 

Endemicity of Parasites in human hosts ......................................... 29 
Endemicity of Parasites in the vector mosquitoes .......................... 31 

Alternate hosts and zoonotic infections .................................... 32 
The first entomological data ..................................................... 32 

The first entomological data ........................................................... 34  
Correlates of Endemicity ..................................................................... 35 

Human Conditions.......................................................................... 35 
Mosquito feeding and breeding behaviors ..................................... 36 

Evolution of Environmental Surveillance 2008-9 ................................ 37 
Characteristics of the index cases ................................................... 37 
Malaria Landscapes: Finding high risk ecotopes ........................... 38 

Anopheles Vector Ecotypes ...................................................... 39 
Environmental Cues.................................................................. 40 
Investigating the malaria-associated rubber plantations  

(MRPs) ................................................................................ 41 
Occupational Exposures ........................................................... 42 

Investigations of Border Malaria .................................................... 42 
Uncovering Pathogens in wild caught mosquitoes ......................... 44 

Example of malaria endemic ecotope ....................................... 45 
Dissection and parous rate inferences of endemicity ..................... 46 
Molecular inferences of endemicity ............................................... 47 

Epidemiological Utility ............................................................ 47 
Assessment of hazards and risk ................................................ 48 

 
Chapter Four .............................................................................................. 50 
Exploring Filariasis Endemicity 
Prapa Sorosjinda-Nunthawarasilp, Adisak Bhumiratana,  
Ronald Markwardt 

Entomologic Ecotope Surveillance for Lymphatic filariasis ............... 50 
Background information about vector mosquitoes ......................... 51 
Environmental conditions............................................................... 51 
Method of Ecotope-based surveillance .......................................... 53 



Innovations in the Entomological Surveillance of Vector-borne Diseases vii 

Ecotope maps for filariasis ................................................................... 54 
Ecotope findings: Filariasis ecotope characteristics ............................. 57 

Conclusions based on ecotopic analysis ......................................... 58 
 
Chapter Five .............................................................................................. 60 
Dengue Vector Surveillance 
Prapa Sorosjinda-Nunthawarasilp, Ronald Markwardt 

1. Dengue Transmission dynamics ...................................................... 61 
Human factors: Urban transition ecotopes ..................................... 61 

Entomological Risk .................................................................. 61 
Research and intervention efforts in Thailand ................................ 62 

2. Entomological Surveillance of Aedes .............................................. 64 
Species competition ........................................................................ 64 
Linking mosquito density to human behavior ................................ 65 

3. Mapping and deducing ecotopes for Aedes ...................................... 65 
Rural Risk Areas ............................................................................ 66 

4. Xenomonitoring: how to get data on viruses from mosquitoes or 
sentinel animals .............................................................................. 67 
Molecular analysis – identifying the pathogens ............................. 67 

Transovarian transmission ........................................................ 68 
Surveillance method ................................................................. 68 

5. Quantifying and qualifying risk of dengue ...................................... 68 
6. Health literacy and communications ................................................ 71 

 
References for Part 2 ................................................................................. 73 

 
Part 3: Components of Proactive Surveillance 
 
Introduction ............................................................................................... 82 
Components of Proactive Surveillance 

 
Chapter Six ................................................................................................ 84 
Humans: At Risk 
Ronald Markwardt 

Assessing and Documenting Human Activities Coincident with 
Infection ......................................................................................... 85 

Health behaviors and customs.............................................................. 85 
Risk factors .......................................................................................... 86 

Risk behaviors ................................................................................ 86 
Protective behaviors ....................................................................... 87 
Hygienic surroundings ................................................................... 88 



Table of Contents 
 

viii 

Measuring human risk of mosquito borne disease. .............................. 90 
Counting infected people: Measurements for population risk. ....... 91 

 
Chapter Seven ............................................................................................ 94 
Vectors: Learning about Disease Carriers 
Ronald Markwardt 

Learning the life and habits of a mosquito ........................................... 94 
Survey Strategies ............................................................................ 95 
Systems for catching mosquitoes and other arthropods ................. 97 

Entomological Survey Techniques ...................................................... 98 
Larval Surveys ............................................................................... 98 
Mosquito survey standard methods ................................................ 99 
Anthropod surveys ....................................................................... 108 
Non-human host surveys – e.g. Fleas ........................................... 108 

Novel survey methods........................................................................ 110 
Behavioral manipulation .............................................................. 110 
Laser / LIDAR .............................................................................. 110 
Flying insect detection and classification with optical sensors .... 111 
Marking and release (Radiographic) ............................................ 112 

Artificial Intelligence as Assistance for Species Identification .......... 112 
Knowing what you caught ............................................................ 112 
AI assisted monitoring ................................................................. 113 
Robotic smart traps ....................................................................... 114 
Automated guides to visual identification of vector species ........ 114 
Morphological identification ........................................................ 114 
3D modeling ................................................................................. 115 
Where to find taxonomic guides .................................................. 115 
Genetic identification ................................................................... 116 

Surveillance of genetically modified disease vectors ........................ 117 
Modified male mosquitoes ................................................................. 118 
Surveillance of Genetically Modified Mosquitoes ............................. 119 
 

Chapter Eight ........................................................................................... 120 
Ecotopes: Mapping the Variables 
Ronald Markwardt 

The tradition of mapping ................................................................... 120 
Map legends – what are you looking for? .................................... 122 
Identifying local risk areas ........................................................... 125 

Recognizing Entomological ecotopes: Geographical terminology  
and variations ............................................................................... 126 
Landforms .................................................................................... 128 



Innovations in the Entomological Surveillance of Vector-borne Diseases ix 

Landscapes ......................................................................................... 130 
Biotopes / biomes ......................................................................... 130 
Methods of survey for biomes and ecotopes ................................ 131 

Innovation in recognizing and classifying Biomes and Ecotopes ...... 132 
Tools for identifying mosquito ecotopes ...................................... 132 

Geographic Information Systems and other tools .............................. 133 
Ground survey GPS with smart phone ......................................... 134 
Satellite views and GIS ................................................................ 135 
Earth observation data sets and machine learning to document 

ecotope change ....................................................................... 137 
Photographic enhancements ............................................................... 137 

Drones and other aerial views ...................................................... 137 
Infrared / FLIR ............................................................................. 138 

Interactive, real time distribution maps .............................................. 138 
Longitudinal data on ecotope change ................................................. 139 
Machine Learning Algorithms ........................................................... 140 
Ensemble analysis of land cover & climate. ...................................... 141 
 

Chapter Nine ............................................................................................ 142 
Vector Competence and Xenomonitoring 
Ron Markwardt, Adisak Bhumiratana 

Where to look for pathogens .............................................................. 142 
Pathogen Reservoirs ..................................................................... 142 
Pathogens in alternate hosts ......................................................... 143 
Pathogens in the vectors ............................................................... 145 
Finding pathogens ........................................................................ 146 
Sample collection methods that allow xenomonitoring  

of infections ............................................................................ 146 
Molecular Analysis: Isolating pathogens of interest .......................... 148 

Preparing samples for chemical or genomic analysis ................... 148 
Dissection and microscopy ........................................................... 148 

Rapid Diagnostic Tests ...................................................................... 149 
RDT strips / reliability & specificity ............................................ 149 
Chemical indicators, stains and bio-reactants............................... 150 

Detecting Vector Resistance .............................................................. 151 
Testing adult mosquito susceptibility or resistance to insecticide ... 151 

Pathogen resistance to treatment ........................................................ 153 
 



Table of Contents 
 

x 

Chapter Ten ............................................................................................. 155 
Genomic Surveillance 
Ronald Markwardt, Pongruj Rattaprasert,  
Prapa Sorosjinda Nunthawarasilp 

Disease information from screening humans for pathogens .............. 156 
Xenomonitoring techniques  ........................................................ 156 

Direct identification of pathogens via genome sampling ................... 159 
PCR and Drug resistant pathogens ............................................... 159 

Genotyping tools ................................................................................ 161 
Types of nucleic acid amplification tests (NAATs) ..................... 161 
Xenomonitoring species distribution ............................................ 168 
Xenomonitoring gene drives ........................................................ 169 

 
Chapter Eleven ........................................................................................ 171 
Measurements of Risk 
Ronald Markwardt 

Epidemiological Measures ................................................................. 171 
Hazards and Risks .............................................................................. 172 

Personal vs. Population hazards and risks .................................... 172 
Hazards and Risk Measures: the human perspective .................... 172 
Hazard identification .................................................................... 173 
Relative RISK and ODDS Ratios ................................................. 174 
Disease Prevalence and incidence ................................................ 176 
Sampling methods, biases and estimates ...................................... 178 

Entomological Measures .................................................................... 181 
Estimating Infection rates for VBD .............................................. 181 
Bite rates and Positive man biting rates ....................................... 182 
Inoculation rates ........................................................................... 182 
Vector density .............................................................................. 182 
Vectorial capacity ......................................................................... 183 
Disease transmission potential ..................................................... 184 
Infectivity ..................................................................................... 184 

Ecotope variables ............................................................................... 185 
Locating and delineating an ecotope ............................................ 185 
Modeling ...................................................................................... 185 
Forecasting ................................................................................... 188 

Discussion: measures in applied epidemiology ................................. 188 
Useful vs Meaningful vs Accurate Variables ............................... 188 
Trend analysis .............................................................................. 189 

 



Innovations in the Entomological Surveillance of Vector-borne Diseases xi 

Chapter Twelve ....................................................................................... 192 
Health Literacy and Communication 
Ronald Markwardt 

Assessment of Cultural knowledge .................................................... 192 
Interpreting the disease process and approaches to prevention 

and/or treatment-seeking ........................................................ 192 
Health literacy vs skill in seeking health information .................. 193 

Innovation in Health Communications .............................................. 194 
Access to factual information from trustworthy sources .............. 195 
Information authority source and verifiability .............................. 195 
Information transfer technology ................................................... 196 

Innovations in Hygiene ...................................................................... 199 
Risk recognition: How to delineate risk areas .............................. 199 
Innovation in Promoting Behavioral Change ............................... 200 

 
References for Part 3 ............................................................................... 201 
 
Part 4: Implementation of Effective Epidemiological Surveillance  

 
Introduction ............................................................................................. 224 

Linking EES to disease ecology......................................................... 225 
Linking EES to public health practice ............................................... 226 

 
Chapter Thirteen ...................................................................................... 227 
Managing Ecotopes for Health 
Ronald Markwardt 

Assessment ........................................................................................ 227 
Assurance ........................................................................................... 229 
Policy Development ........................................................................... 231 

Integrated Vector Management (IVM) ......................................... 231 
The need for interdisciplinary collaboration ................................ 232 

 
Chapter Fourteen ..................................................................................... 233 
Progress Toward Disease Elimination 
Ronald Markwardt 

Assessment ........................................................................................ 233 
Information sharing networks ...................................................... 234 
A multi-disease data management system .................................... 236 

Assurances against outbreaks............................................................. 236 
Consistency of Policy ........................................................................ 238 

Disenfranchised populations and health workers ......................... 239 



Table of Contents 
 

xii

Border Health Problems ............................................................... 239 
Integrated Vector Management .................................................... 241 

Innovative Interventions .................................................................... 243 
Microsoft Premonition ................................................................. 243 
Global Mosquito Alert ................................................................. 244 
Purpose and benefits of EEES ...................................................... 244 

Conclusion ......................................................................................... 245 
 
References for Part 4 ............................................................................... 246 

Appendix A ............................................................................................. 251 

Appendix B .............................................................................................. 268 

Appendix C .............................................................................................. 272 

Appendix D ............................................................................................. 274 

Appendix E .............................................................................................. 277 

Bibliography ............................................................................................ 279 

Acknowledgements ................................................................................. 282 

Index ........................................................................................................ 285



 

LIST OF ILLUSTRATIONS  
 
 
 

Figures 

Fig. 1: A chain of Infection concept for Vector-borne disease 
Fig. 2: Components of a vector-borne disease transmission area, aka hot 

spot 
Fig. 1.1: Several years of malaria prevalence data for provinces of 

Thailand. The distribution of malaria 2000 until 2015 
Fig. 1.2: Three considerations when studying mechanisms for spread of 

vector-borne disease  
Fig. 3.1: Epidemiological concepts of agent - host - vector/environment 

interactions and vector-borne disease life cycle  
Fig. 3.2: The activity of teaching interview augmented by using our poster 

helped the people better understand malaria.  
Fig. 3.3: In the Fig. the spiral structure in ovary indicates mosquito has 

had eggs. 
 Fig. 3.4: Catching sites for vector investigations projects in Trat and 

Kanchanaburi 
Fig. 3.5: Example of recorded bites can be used for bite rate calculation 
Fig. 3.6: Local people in exposure situations while working in their local 

economies.  
Fig. 3.7: Landscapes and biomes in which malaria would be transmitted. 
Fig. 3.8: Deforestation and reforestation associated with malarial 

outbreaks of Thailand2010-2011 
Fig. 3.9: Map showing concentration of malaria at border areas,  
Fig. 3.10: Cases of Plasmodium falciparum located in houses along the 

creek in Huay Pak Khok Village in Tongpapume  
Fig. 4.1: Filarial parasite transmission options 
Fig. 4.2: Vector breeding sites in the research area 
Fig. 4.3: Distribution of filariasis in cats and dogs Village 11. 
Fig. 4.4: Satellite map of land-use with catching sites (Ecotope candidates) 

labeled. 
Fig. 4.5: Topographic elevations with potential range of vectors and 

animal hosts overlayed 
Fig. 5.1: shows the cases of DF as dots and DHF as triangles 

georeferenced on Google maps. 



List of Illustrations xiv

Fig. 5.2: Relative humidity, the number of rainy days and dengue 
incidence in Sisaket 

Fig. 7.2.1 Hand collection of indoor resting mosquitoes and other vectors 
Fig. 7.2.2 Pyrethrum Spray Room or Sheet Collection 
Fig. 7.2.3 Outdoor Trap Collection of mosquitoes 
Fig. 7.2.3.1 Light Traps 
Fig. 7.2.3.2 Sticky traps 
Fig. 7.2.3.3 Sticky traps Mosquito Emerging Traps (MET) 
Fig. 7.2.4.1 Cattle Baited Hut Collection 
Fig. 7.2.4.2 Cattle Baited Hut Collection 
Fig. 7.2.5 Window Trap Collection 

Wind traps 
Bottle traps and Baited screen traps 
Exit trap 
Resting boxes 

Fig. 7.2.6  CO2 augmented collection 
Fig. 7.2.7.1 Direct Landing Catches of Mosquitoes from Human Bait 
Fig. 7.2.7.2 Catches of Mosquitoes from Human Bait Trap Nets  
Fig. 7.2.7.3 Double Trap Method 
Fig. 7.2.8.1 Dragging and sweep-netting 
Fig. 7.2.8.2 Flagging  
Fig. 8.1: WHO description of endemic areas 
Fig. 10.1: Loss of diversity as populations recover from genetic bottleneck 

or gene drive 
Fig. 11.1: Strategic factors for disease control and prevention 
Fig. 11.2: Basic relationships of exposure to outcome 
Fig. 11.3: The risk based on exposure would be: 19/ 158 
Fig. 11.4: Estimates of incidence of malaria from screening in two border 

provinces 
Fig. 11.5: Choosing appropriate ecotope variables  
Fig. 11.6: Variables available for forecasting malaria outbreak intensity 

Tables 

Table 1 Communicable disease control (How to prevent spread of disease)  
Table 2: Sample Interventions for disease prevention 
Table 3.1: Levels of information obtainable with various data collection 

procedures 
Table 3.2: Caught mosquitoes tested with PCR for malaria parasites 2012-

2013 
Table 5.1: Dengue surveillance: examples of good and bad practice 



Innovations in the Entomological Surveillance of Vector-borne Diseases xv 

Table 6.1: Data type and quality attained with various survey methods 
Table 7.1: Survey types and advantages 
Table 13.1 Challenges described for the four integration mechanisms 

(adapted from George et al. One Health Outlook, 2020) 
 
 



 

 

ACKNOWLEDGMENTS 
 
 
 

So many people collaborated in the research and projects that led to 
development of this work that listing their names here would be onerous. 
Nonetheless, we want to recognize our debt, so we are including an 
appendix, with introductions to those who most influenced this work and 
the nature of their contribution. 

The people who assisted or supported us in the actual manuscript 
preparation and writing of this book include: 

Writing and conceptualization: Adisak Bhumiratana and Evita Huerta 
Giusti 

Publication assistance: our Publishing editor Rebecca Gladders, and 
Evita Huerta Giusti for information from South America, for proofread 
and format assistance. 

Readers: Evita, Pam, David, Nicholas, Debbie, Steve Andes, Surapong, 
Oat 

Graphic Assistance: Witchakorn, Diamond, Ice, Arm, Saowarot  
Thanks also to the myriad of scholars and health personnel who have 

taken time to write about their projects, and without whom I would be 
clueless. Many of them are named in the Reference Sections of this book 
along with the titles of their influential work. 



 

 

PREFACE 
 
 
 
This book is about the techniques and methods that can be used to 

investigate, understand and manage human contact with those annoying 
biting creatures that spread disease. Such information is available, but not 
generally in a single book. Much of the information herein is presented 
with the intent of encouraging the development and implementation of 
efficient vector control and personal protection strategies that are 
appropriate and effective for various distinct local areas where a disease 
occurs with some regularity. That is to say, where the disease is endemic. 

Even when they are not epidemic, vector-borne diseases are a stubborn 
public health problem in many countries. Despite advances in treatment 
and personal protection, vector-borne diseases manage to recur frequently, 
and sometimes outbreaks occur in unexpected places. Vector-borne 
diseases are not going away, but we have learned the principles and methods 
of epidemiological surveillance that can be applied to reconnaissance of 
currently crippling diseases like chikungunya, dengues, West Nile Virus 
etc. The concepts of vector surveillance may seem complicated because 
we are not focusing on a single disease, but we want to teach and discuss 
what we learned as we participated in the global efforts to eliminate 
malaria. 

Although the term surveillance nowadays has a connotation of police 
monitoring, the word could be replaced with vigilance, observation, 
reconnaissance or simply investigation. At its root is the idea of survey 
(noun or verb: a general view, examination, or description of something). 
Public health surveillance is “the ongoing, systematic collection, analysis, 
and interpretation of health-related data essential to planning, implementation, 
and evaluation of public health practice”, and generally refers to field 
investigations of populations at risk for disease. Surveillance for public 
health includes investigations of the carriers of diseases, including the 
arthropods and insects that transmit the infections. 

While vector control efforts can reduce the populations of insects, 
surveillance is needed to discover when and where diseases are being 
spread. Worldwide, many of the innovations in surveillance target mosquitoes, 
particularly anopheles species that can transmit malaria parasites and 
aedes species that carry many virus species. We are also aware that 
innovations in vector control such as genetic manipulation will require a 
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different sort of monitoring, and that not only the methods of surveillance, 
but the data we seek, will be changing. Similarly, innovations in disease 
treatment should augment but not degrade the importance of innovations 
in disease prevention. 

Innovations are new or novel ways of doing things, often implying new 
technology, but also improvements in systems of work or business. Of 
course, innovative approaches are usually procedural modifications to help 
achieve some currently accepted standard, and do not necessarily imply 
that traditional or common procedures need to be abandoned. Our 
operating procedures are currently accepted because the outputs, if not the 
outcomes, are predictable, standardized and comparable. 

If a disease is to be eliminated, systematic applications of epidemiology 
need to be developed which consider the entomological and ecological 
factors that contribute to the survival of the disease agent when it is not 
inside of humans. Hence, xenomonitoring, where “xeno” indicates 
something that is outside ourselves. Entomologic epidemiology attempts 
to discover which vectors are infected and where they transmit diseases to 
humans. Our approach to disease control considers variables of 
environment and ecology as well as specifics of the biology and behaviors 
of both the vectors and the victims.     

 
RAM



 

 

EDITOR’S NOTES 
 
 
 

The book is divided into four parts, each of which has chapters that 
present certain topics of interest to epidemiologists. 

The first part of this book (theory) is to help you understand why 
entomological ecotopes are important to epidemiologist. There are 
diagrams! 

The second part (practice) is about our investigations. It summarizes 
the research projects we have been involved in and which led us to create a 
comprehensive approach to tracking tropical vector-borne diseases. There 
are pictures! 

The third part (methods) summarizes and explains modern tools 
available for entomologic surveillance and how to use epidemiologic 
methods for disease control and elimination. There are lists! 

The seven chapters in Part three review the techniques and resulting 
measurements for each of the following foci of surveillance: 

 
1.1 Human activities and risk behaviors 
1.2 Entomological ecotopes: recognizing the carriers 
1.3 Identifying and Mapping ecotope variables: Geographic  

 Information Systems and other tools 
1.4 Xenomonitoring: how to get data on pathogens outside of humans 
1.5 Molecular analysis: identifying the pathogens 
1.6 Quantifying and qualifying risk 
1.7 Health literacy and communications 
 
Part four (possibilities) presents a conjectural fusion of ideas that could 

be integrated into a potentially ideal system of disease surveillance. The 
intent is to initiate discussion of techniques and give examples for linking 
data and then suggest ideas for adapting, adopting and implementing these 
surveillance methods in novel environments. 

Some of the most common vector-borne diseases and the vectors that 
cause them to spread are tabulated in the Appendices. But be aware that 
this book does not intend to address the medical diseases, the symptoms, 
or therapies. It does not even directly present the issues that surround the 
control of vectors. This book is about how to find and identify vectors, 
pathogens, and people at risk. It does that from a perspective of promoting 
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xx 

public health, and considering variables which can be manipulated. 
There are also indices, both by topic and alphabetical, along with 

samples of forms and work goals for you to develop, modify or translate 
for the purposes of investigating the vectors, pathogens and humans at risk 
in your territory. 

 

 



PART 1 

SPECIFICS OF VECTOR-BORNE DISEASE 
EPIDEMIOLOGY 

 



INTRODUCTION 
 
 
 
Infectious disease epidemiology focuses on tracking the infection and 

making maps of where the disease is occurring; then we implement an 
intervention to separate the humans from contact with the cause of the 
disease. You probably know of the various ways in which pathogens 
spread, commonly through touching, inhaling, or ingesting an active 
bacteria, fungi, virus, prion or parasite. The epidemiologist tries to find the 
source of the pathogen, and usually we find it came from another infected 
person, or a place polluted by other people, where it can survive. 

However, some pathogens are injected into the humans by animal 
carriers called vectors. In general, the word vector means something that 
has a beginning point and a direction. In public health, we use the term 
vector when referring to living organisms that carry infectious diseases 
from an animal or human (where the pathogen comes from) to other 
humans (victims). Insect or arthropod vectors can transmit diseases among 
different animals (bats, rats, monkeys, birds, dogs, etc.) and humans. 
Vectors promote the existence of various microorganisms that survive 
across species. Many zoonotic diseases are also transmitted by insect and 
arthropod vectors. It is worth mentioning that often the transitional hosts 
(pathogen carriers) have no recognizable symptoms of infection. For 
example, you don’t know whether rats, or the fleas that bite them, are 
carrying the plague bacteria yersinia pestis, but the infection will 
definitely affect humans that are bitten by fleas that have the bacteria in 
them. Figure 1 is a visual representation of the routes pathogens take to 
infect humans. 

Vector-Borne Diseases are those that result from an infection transmitted 
to humans and other animals by blood-feeding arthropods, such as 
mosquitoes, ticks, and fleas. Examples of serious vector-borne diseases 
include Dengue fever, Zika, West Nile Virus, Lyme disease, malaria, 
chikungunya, Japanese encephalitis, yellow fever, leishmaniasis Chagas, 
etc. Treatment of these vector-borne diseases is rather difficult to implement 
in human populations. Typical problems in treatment include uncertain 
clinical diagnoses if the pathogen is in a dormant state when testing is 
done. There may be delayed onset of symptoms even if testing is positive, 
and sometimes infection may occur even after treatment. Contract tracing 
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for cases is difficult because people cannot verify the time and place that 
infection occurred. 

Vector-borne diseases create serious problems for preventive public 
health. The progression of vector-borne diseases among human populations 
is generally considered unpredictable. It has been difficult to prevent or 
control the spread of these diseases in humans, as outbreaks may occur 
despite treatment of cases or prophylactic treatment. 

Epidemiology is the study and analysis of the distribution (who, when, 
and where), patterns and determinants of health and disease conditions in 
defined populations. The goal of public health epidemiologists is to 
discover the source of the pathogen or toxin, and neutralize its threat to 
humans. Detection of the source requires examination not only of the 
individual but also of the population in which the infection is spreading. 
Basic skills in epidemiology are those needed to track the course of the 
disease, usually by tracking symptomatic people, history taking and 
contact tracing to find out where the infection came from, mapping 
incident locations, collecting data on longitudinal events to see how the 
pathogenic infection is spreading over time, and projecting the routes of 
infection with the goal of creating an intervention to alter the spread of the 
disease in at-risk populations. 

Most pathogens are transmissible, which means they can infect other 
susceptible beings. When the pathogens thrive and multiply, there is an 
infection which may cause disease. Some infectious diseases are 
communicable, and normally they are called contagious diseases. 

Some commonly applied strategies that can limit the spread of disease 
pathogens are listed in Table 1. The tactics deployed should be chosen 
according to the characteristics of the disease.  

Table 2 contains examples of activities that we can do to combat the 
spread of diseases. The reader should consider which tactics apply to any 
of the general strategies listed in Table 1. 
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Table 1 Communicable disease control (How to prevent spread of 
disease)  
 
Intervention strategy Objective 
Sanitation -healthy hosts = increased resistance 

-personal protection (clothing, condoms, 
repellants) 
-public and personal hygiene 

Surveillance -get data on incidence, location & 
sociodemographics of victims 
-sanitation inspections 

Avoidance e.g. -isolation 
-quarantine 
-evacuation 

Resistance e.g. -develop immunity 
-vaccines 
-exposure to related pathogens 

Containment e.g.  -limit the area of infection 
-mass vaccination 
-ring vaccination 

Control e.g.  -case management (treat sick people) 
-vector control 
-destroy the agent 
-render the agent harmless 
-destroy the hosts 
-culling (destroy potential hosts) 

 

adapted from: Communicable Disease Control In Emergencies: A field manual 
Edited by M.A. Connolly WHO/CDS/2005.27 © World Health Organization, 
2005, Connolly, Máire A. ISBN 92 4 154616 6 (NLM Classification: WA 110) 
Available as PDF on the internet 
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Table 2: Sample Interventions for disease prevention 
_________________________________________________ 

 Close schools to prevent spread of disease 
 Avoid exposure to toxins e.g. no smoking 
 Drink non-alcoholic beer or wine 
 General hygiene measures 
 Ensure proper food handling and storage 
 Inspect personal hygiene. 
 Promote healthy child development 
 Provide required medications 
 General cough etiquette and hand-washing 
 Medical follow up of symptoms 
 Reporting 
 Track infections more accurately 
 Control rodents and insects  
 Keep animal enclosures clean and dispose of dead birds 
 Clean and disinfect the facilities 
 Enforce laws and regulations to prevent spread of disease  
 Reduce contact with animals 
 Create rapid diagnostic testing programs 
 Develop and distribute vaccines 
 Control the use of antibiotics 
 Control antimicrobial resistance 
 Developing mitigation strategies 
 Decontamination 

________________________________________ 
Note: A list of how to organize interventions for outbreaks of specific diseases can 
be found in the book Communicable Disease Control in Emergencies: A field 
manual Edited by M.A. Connolly WHO/CDS/2005 

 
The tactics for preventing the spread of the disease should be in 

accordance with the objectives seen in Table 1. While vector-borne disease 
epidemiology shares some (maybe many) features with general disease 
epidemiology, those unique features cannot be ignored. This would be a 
good place to point out that the steps to prevent the spread of COVID-19: 
social distance, masks and handwashing are irrelevant to vector borne 
disease. Three basic methods of avoiding vector-borne disease are to limit 
exposure of humans, control or contain the vectors, and importantly, to 
understand and manage the environment.  

Sometimes the intervention activities require enforcement of laws and 
regulations to prevent the spread of disease. Many of our regulations of 
animals exist because we have learned that zoonotic infections can be 
acquired by humans as well. Sometimes the purposes of regulations are 
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not directly apparent, such as policies about spraying for insects or 
prohibiting pools of standing water (for instance in a garbage bin), which 
may relate to preventing the spread of bacteria or the reproduction of 
mosquitoes and flies that carry disease. Figure 1 illustrates how 
epidemiologists visualize the path of a pathogen, and you can use it when 
deciding which part of the chain to target for blocking or destroying the 
thing that is causing infection. 

Three factors are considered in any epidemiological analysis, i.e. Agent, 
Host, and Environment. However, vector-borne disease epidemiologists also 
need to collect evidence regarding the pathogens (agents) when they are 
not in humans; this is called xenomonitoring. 

1. Agents are the disease-causing pathogens and they are transmissible 
via vectors. Medical epidemiologists tend to focus on the characteristics of 
the pathogenic agents, which may be parasites, bacteria, or viruses. Often 
medical epidemiologists are pathologists who are trained to identify the 
infectious agent that is isolated from patients. However, in studying the 
spread of disease, we must also consider other environments in which a 
pathogenic agent can survive. Vector-borne diseases can obviously survive 
inside of various species, and some survive and thrive even outside of 
hosts. 

2. Hosts can be any human or animal with the pathogen in or on it. It is 
important to note that there may be intermediate hosts of pathogens; that is 
animals or insects, and they may or may not show signs of distress. 

3. Environment is the conditions under which an organism can stay 
alive. It is important to recognize that the pathogen needs an environment, 
as do the hosts of that pathogen. Our research however, focused on the 
vectors, which also thrive in specific environments. Much of this book is 
about how to describe the physical environments where hosts, agents and 
vectors come together. (see Figure 2) 

Vector-borne disease epidemiology encompasses the theory of chain of 
infection but the analysis is complicated because the disease life cycles, 
both intrinsic (in hosts) and extrinsic (outside of hosts), need to be 
considered to understand how the pathogenic agents such as parasites and 
arboviruses can be transmitted. Not only are the above tasks required, but 
the epidemiologist needs to be aware of the vector populations, their 
locations and characteristics (entomology), as well as the situations that 
expose people to an untraceable pathogen which originates from an 
unknown source (anthropology). The concepts that need to be integrated 
into the descriptive and analytical epidemiological models, including the 
agent – host – vector interactions in a particular environment are pictured 
in Figure 2. 
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Disease outbreaks occur when vectors transmit the disease at a large 
scale in short time. Unlike infectious diseases that require human-to-
human contact, tracing an index case (patient 0) and the source or 
progression of the pathogen is complicated by the varied incubation 
periods of the pathogen in vectors, in possible intermediate hosts and in 
the human patient. The elimination of the vector is normally the best way 
to address elimination of the disease. However, the disease-carrying 
insects are deeply rooted in the environment where they prevail. Many of 
the vector-borne diseases are endemic in tropical regions, where insects 
are ubiquitous throughout the year. 

Normally, people are not aware of which arthropod is the vector of a 
particular disease. For example, Scrub Typhus is not carried by common 
ticks, but can be spread by chiggers. Professionals and people at risk do 
not know which mosquitoes carry which disease. Sandflies and no-seeums 
are pests that may be ignored, but which may carry some diseases. In order 
to explain how the efforts of vector-borne disease epidemiologist can be 
applied to rapid intervention, and possibly prevention or even elimination 
of disease, we use the visualization shown in figure 2. 

In figure 2 the overlaps show the influence of variables that determine 
the patterns of a vector-borne disease. The ideas of fitness and selection 
are difficult to quantify, therefore no universally useful model has been 
developed for forecasting. 

 

 
 
Figure 1: A chain of infection concept for Vector-borne disease 
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Figure 2: Components of a vector-borne disease transmission area, aka hot spot 

 
This Venn diagram is to clarify that, although the insects may be 

ubiquitous, there must be an environment that supports the disease agent 
(for example malaria) including when present in the hosts (including 
mosquitoes) and that people must also be in that environment. 
Entomologic and ecotopic surveillance is needed to define the specific 
environmental factors (ecotopes) in which the vector mosquitoes can 
survive and bite people. Those places would be represented by the 
overlapping areas in the middle of this diagram. 
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For vector-borne diseases, the pathogen is mobile and often hidden. 

However, despite the dispersion of human victims, it has long been 
observed that certain geographical areas or environments promote and 
support particular diseases. 

Understanding Endemicity (Malaria example) 

For example, the maps in figure 1.1 below are typical of the data 
available for incidence of malaria in Thailand. When one looks at the map 
of incidence or prevalence of malaria in Thailand, we see that malaria is 
reported in the provinces that are at Thai-borders, but certain other regions 
are unaffected. 

Accumulated data of the type used to produce the maps in figure 1.1 
gives us a broad picture of the disease situation, but provides little 
information for those who need to apply preventive interventions that will 
stop the disease from spreading. The local data that would explain disease 
transmission is lost in the process of summarizing and reporting. 

Current prevention initiatives being promoted by the WHO and other 
NGO’s are moving from a blanket approach toward a more targeted 
approach to eliminate malaria in local areas and environments. Some 
literature calls these areas “disease endemic areas” or “hotspots”. If local 
data is analyzed independently of the combined data, it should allow us to 
create customized, targeted interventions for disease prevention. Cases of 
human malaria might be spreading in only a small district or village, or even 
specific farms. It is not the whole population of the province that is at risk, 
and interventions such as vector control may not need to be carried out in 
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the whole province. Diligent surveillance1 is the technique that has been 
adapted to help target malaria interventions by programs such as Roll Back 
Malaria [2005]. As progress is made against malaria and other mosquito borne 
diseases, new and more efficient surveillance techniques need to be applied. 

 
 

 
 
Figure 1.1 Several years of malaria prevalence data for provinces of Thailand.  
(The maps above are created by Thanaporn Nunthawarasilp with data from the 
National Ministry of Public Health, Thailand). 

Transmission patterns of vector-borne pathogens 

In vector-borne disease, the exposure is a bite by a common insect. Our 
task then in preventing disease is to discover which of the insect vectors 
are infected. Meanwhile, we target our efforts at preventing exposure to 
the carrier species. The transmission of disease by vectors can be classified 

 
1 Some diseases are of sylvatic origin, meaning that wild animals are infected with, 
or hosts of, the pathogen. 


