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C h a p t e r I 

Introduction 



The most powerful, effective and under-rated tool in communicable disease control 

is the technique of surveillance, which, in essence, is a management process. 

D. H. Henderson: surveillance of smallpox.1 
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Introduction 
1.1 Disease surveillance: concept, history, function 

Surveillance programmes must contain three specific components: a system for data collection, 

a system for data analysis, and a system for response. These components should be linked.2 

The most difficult component in a surveillance system is the collection of useful data. 

There are many sources of disease surveillance data, but the most usual source is the 

collection of morbidity and mortality data from health facilities. While medical record keeping 

may be the least appealing aspect of health care to clinicians, to epidemiologists this 

process is of greatest importance. Medical records may include a wealth of information: 

signs and symptoms of the illness, differential diagnosis, documentation of a working-

diagnosis, and results of laboratory investigations. Recording and notification of disease 

outcome leads to morbidity and mortality registration. Whether kept in electronic format 

at a National health office, or in a simple table at a Chief's hut in a remote area in sub-

Saharan Africa, epidemiological analysis of morbidity and mortality registries may help 

elucidate health problems typical of the area of notification. 

Although surveillance methods were originally developed as part of efforts to control 

infectious diseases, basic concepts of surveillance have been applied to all areas of public 

health.3 This is reflected in the 1986 Centers for Disease Control and Prevention (CDC) 

definition of Public Health Surveillance.4 

Public Health Surveillance is: 
The ongoing systematic collection, analysis, and interpretation of health data essential to 

the planning, implementation, and evaluation of public health practice, closely integrated 

with the timely dissemination of these data to those who need to know. The final link in 

the surveillance chain is the application of these data to prevention and control. 

Central to the concept of disease surveillance is the belief that improved information will 

lead to improved decision making, which in turn leads to better distribution of scarce 

health resources to those problems most likely to result in health gains.5 

Case reports of infectious diseases were probably first used to implement public health 

measures in Venice, in 1348. During an outbreak of pneumonic plague, (the 'Black Death'), 

the republic of Venice appointed three guardians of public health to prevent ships with 

affected people aboard from reaching the piers.6 In the late Middle Ages, rudimentary systems 

to monitor illness led to regulations against polluting streets and public water, construction 

for burial and food handling, and the provision of some type of care.7 West African villagers 

used surveillance techniques when they placed smallpox patients in small isolation huts outside 

the village and provided an attendant who had previously recovered from smallpox.1 
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William Farr is recognised as the founder of the modern concept of surveillance. As 

superintendent of the Statistical Department of the Registrar General's Office in Great 

Britain from 1839 to 1879, he collected, analysed, and interpreted vital statistics and dis

seminated the information to responsible health authorities as well as the general public.3 

In the late autumn of 1848 when only a small premonitory wave of cholera had appeared 

in London, Farr published in the weekly returns a table showing mortality by areas of 

London according to their water supplies. Those most contaminated with sewage from 

the river Thames experienced the highest mortality. In 1854, John Snow completed his 

cholera studies both of the Broad Street Pump Outbreak and the massive epidemic in 

South London with considerable logistic help from Farr.8 

In 1848, Rudolph Virchow, one of the founders of public health, studied the causes of a 

massive typhus epidemic in Upper-Silesia. He concluded that the epidemic was caused 

primarily by poverty and underdevelopment. Instead of recommending medical changes, 

e.g. more doctors or hospitals, he outlined a revolutionary programme of social 

reconstruction, including full employment, higher wages, the establishment of agricultural 

co-operatives, universal education, and the dis-establishment of the Catholic church.9 

The current concept of surveillance as the monitoring of disease occurrence in populations 

was promoted by Alexander Langmuir in the US, as a function of the newly created 

Communicable Disease Centre (now the Centers for Disease Control and Prevention).10 

The first major national programme that this centre undertook was the malaria eradication 

programme." Surveys during the mid 1930s had established malaria to be an endemic 

problem deeply rooted in the south-eastern part of the US. Epidemiologic studies initiated 

in 1947 - simple appraisals of the morbidity and mortality reports - indicated that most 

reported malaria cases were erroneous. A dramatic drop in reported malaria was noted 

when laboratory results were required to confirm its diagnosis. It appeared that malaria had 

mysteriously disappeared in the period 1935-45, probably even before a chloro-phenotane 

(DDT) programme was underway." In this case, surveillance showed that a disease disappeared 

through natural processes rather than through planned public health measures. 

In 1968, at the 21st World Health Assembly, the World Health Organisation (WHO) 

described surveillance as the systematic collection and use of epidemiological information 

for the planning, implementation and assessment of disease control, or in short, 'information 

for action'.'2 '3 Clearly, surveillance was the foundation for the successful global campaign 

to eradicate smallpox. When the campaign began in 1967, smallpox reporting sources, 

usually medical facilities, were contacted on a routine basis, and thus a reporting network 

was established in most countries. It soon appeared that health facility based reporting 

would detect only the tip-of the-iceberg of the smallpox problem, and a programme based 

on surveillance to target vaccinations in limited areas would be more efficient. Thus, other 
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reporting sources were often established, including markets, schools, and police.31415 Of 

great importance was the response to notifications by surveillance teams and higher level 

officials. In India and Bangladesh, towards the end of the campaign, numerous expatriate 

WHO epidemiologists were equipped with jeeps, gasoline and large sums of cash to hire 

personnel, print leaflets, reward the discovery of cases and make on-the-spot arrangements 

for surveillance and containment.16 

The terms 'active' or 'passive' surveillance have been used to describe two alternative 

approaches to data collection. For most infectious diseases, surveillance activities rely 

traditionally on notifiable diseases reporting systems that were instituted by legal mandate.17 

These systems are termed passive since the data recipient essentially has to wait for the 

data providers to report. Active surveillance is conducted when the health department 

regularly contacts reporting sources (e.g. once per week) to elicit reports, including negative 

reports (no cases), or conducts regular assessments (e.g. population based sample surveys) 

to evaluate the health status and delivery of health services.18 Buehler emphasises that, 

while the terms "active" and "passive" are conceptually useful, they are insufficient for 

describing a surveillance method, since most surveillance systems combine methods of 

data collection.19 

Surveillance aims to monitor the incidence and prevalence of specific health problems, 

and document their impact in defined populations. For example, surveillance for HIV infection 

and AIDS in the UK is conducted by the Public Health Laboratory Service Communicable 

Disease Surveillance Centre.5 Data derive from different sources, such as voluntary 

confidential reports, unlinked, anonymous testing for HIV infection in various groups, and 

by monitoring results from voluntary tests for HIV in selected laboratories.20 Thus, this 

system combines methods of active surveillance. The purpose of this programme is to 

monitor the incidence and prevalence of HIV and AIDS, and document their impact in 

defined populations. Recently, DeCock and Low indicated that omission of information on 

country of birth and ethnicity allow differences in incidence to go undetected and 

unaddressed.20ln contrast, in the UK, long-term surveillance based on routinely collected 

data, i.e. passive surveillance, may show how the incidence of some infectious diseases, 

for example, diphtheria, measles, and whooping-cough, has changed both in the total 

number of cases, cyclical distribution, and in association with immunisation rates.6 The 

purpose of this information is to assist public health programmes in planning and defining 

programme objectives. 

13 



Chapter 1  

1.2 Disease surveillance in developed countries 

There has been an ongoing debate about the surveillance and control of infectious diseases 

in the USA,2I 22 and the European Union (EU).23 24 25 These systems developed to monitor 

specific conditions, rather than populations, may fail to early detect new problems (AIDS in 

the early 1980s), may not provide timely data (systems depending on vital statistics), or 

may be poorly coordinated (clinical data not being linked with appropriate laboratory 

data).22 Fuelling the debate on the limitations of the surveillance systems in the USA is the 

fact that infectious diseases have not disappeared from society despite technological 

advances made,2' and the realisation that infectious diseases do not respect international 

boundaries.26 

On a global scale, a number of new infectious diseases has been detected recently, 

partly because of more sensitive detection systems,27 28 but also because they emerged 

due to societal factors. These include: global travel, globalisation of the food supply, 

population growth and increased urbanisation, population movements due to civil wars,29 

deforestation, increased use of antimicrobial agents and pesticides, and increased human 

contact with tropical rain forests and other wilderness habitats. Infectious diseases discovered 

in the past three decades and the ones that existed for centuries, but have recently increased 

in public health significance, have been termed 'emerging infections', a notion found more 

often in the American literature. 

In 1994, CDC launched the first phase of a nation-wide effort to revitalise national capacity 

to protect the public from infectious diseases. The effort focused on four goals: surveillance 

and response; applied research; infrastructure and training; and prevention and control.30 

New emerging threats such as new-variant Creutzfeldt-Jacob disease, a new and virulent 

strain of influenza in Hong Kong, and several multi-state food-borne outbreaks, led CDC to 

update its strategy in 1998. To facilitate greater utility of disease surveillance systems, 

systems should be linked electronically to laboratory-based data management systems 

(Public Health Laboratory Information System), and should be made readily accessible to 

public health practitioners on a timely basis.31 32 

Regular evaluations of public health surveillance systems have been recommended by 

CDC.33 34 However, Thacker and Berkelman point out that there have been no published 

studies on the impact of surveillance data on policies and interventions, and few studies 

relate the cost of acguiring surveillance information to any tangible benefit.35 

The surveillance of human infectious diseases in the EU is not supported by one, single, 

defined centre.36 The prevailing view among public health workers, however, is that the 

virtual European CDC already exists, based on the network of 15 national surveillance 

institutes. These networks will be linked electronically, and should be accessible on a day-

to-day basis by the representatives of national communicable disease surveillance centres. 
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Pending standardisation of case definitions, surveillance in the EU will increasingly consist 

of disease specific networks,3 that will be maintained on top of routine collecting systems.37 

In parallel, at WHO, the Division of Emerging and other Communicable Diseases and 

Control (EMC) is in the process of strengthening its global monitoring and alert systems, 

which will link together specialised laboratories and disease surveillance systems from all 

countries via electronic and printed media.38 

1.3 Disease surveillance in developing countries 
The 'emerging infections initiatives' also carry some responsibility to support research, 

outbreak investigations, and improved disease surveillance in developing countries, however, 

most activities are focussed on strengthening central level capacities. It is not clear how 

disease surveillance at district level will improve through these efforts. 

Since disease surveillance systems in developing countries are often a legacy left behind 

by colonial administrators, there is much in common between surveillance systems in the 

developed and the developing world. However, unlike many developing countries where 

surveillance usually relies on the use of long, complicated reporting forms,39 40 there is the 

advantage of a strong laboratory capacity and easy access to electronic transfer of information 

in the developed world. 

In developing countries, health delivery at district level is offered through dispensaries, 

health centres and hospitals. In addition, non-governmental (missionary and other private) 

organisations (NGOs) offer health services. At these services, communications with central 

level facilities are poor or non-existing, and medical record keeping is often constrained by 

patient load. There is a non-standardised manner of data collection, and health workers 

often lack diagnostic skills and adequate laboratory support. 

Peripheral health facilities are rarely supervised, are usually not informed about disease 

outcome of patients they have referred, and often lack feed back on laboratory tests 

requested. Subsequently, routine reporting and notification1" of diseases is often delayed, 

too slow, or not conducted at all.41 

Routine, passive, surveillance in developing countries usually does not lead to detection 

of disease epidemics.42 As data is aggregated to each level from the periphery to the 

centre, the ability to detect or follow up localised outbreaks is lost.39 40 De Kadt described the 

process of routine surveillance: "health workers dutifully (if not always accurately) fill out the 

required forms. They take them to their supervisors. These, in turn, pass the forms to someone 

else for processing and sending further up the line. The results of all this hard labour often 

Examples are: European working group for Legionellosis infections (EWGLI); International surveillance 
network for the enteric infections (Enter-net); European antimicrobial resistance surveillance system 
(EARSS). 
Reporting and notification differ in that the latter is mandatory. 
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end up as half-sorted piles of dusty forms, stacked to the ceiling somewhere in the District 

Health Office." At best, these data are tabulated and published in a statistical summary 

several years after collection, too late to be of use in health planning and decision making. 

Several authors report on the need to improve disease surveillance at district level. Some 

of these recommendations include the need of surveillance to focus on outcome measures 

(e.g. number of cases detected / 100.000 population),43 improved health facility-based 

data collection systems,44 and collection only of the most essential information (a listing of 

cases and deaths by time and place).45 Successful implementation of these recommendations 

at health facilities, however, has not been documented in sub-Saharan countries to our 

knowledge. A limiting factor of infectious disease surveillance is the absence of sufficient 

laboratory capacity at district level. A comprehensive plan to improve laboratory capacity 

and integrate infectious disease surveillance in sub-Saharan countries has been recently 

proposed by WHO, and is supported by CDC. 

1.4 Aim of the thesis 
The primary goal of this thesis is to contribute to the discussion on how infectious disease 

surveillance in sub-Saharan countries can be improved. The views expressed are based on 

the author's experiences in field investigations in East Africa following disease epidemics 

of yellow fever (YF),46 o'nyong-nyong fever (ONN),47 and Rift Valley fever (RVF),48 in 1992-

93, 1997, and 1998, respectively. In Puerto Rico, in 1996, and 1997, leptospirosis was 

studied using the existing laboratory-based surveillance for dengue fever.49 50 

This thesis is organised as follows: Chapter 2 presents a review of the history of YF in 

East Africa. Chapter 3 contains the epidemiological investigations of the first yellow fever 

epidemic in Kenya (1992-93). Chapter 4 presents a sentinel surveillance study of YF 

conducted in Kenya between 1993-95, and provides laboratory-based evidence of ONN 

fever infections occurring in western Kenya in 1994-95, two years before an ONN fever 

epidemic was detected in Uganda. Chapter 5 describes the second ONN fever epidemic ever 

documented, and provides results of a household-based seroprevalence survey. Chapter 6 

presents a clinical description of ONN fever and the use of a clinical case definition as a 

surveillance tool. Chapter 7 shows the capacity of the laboratory-based surveillance system 

for dengue fever to detect an increase of leptospirosis in Puerto Rico. Chapter 8 discusses 

specific surveillance needs of the diseases reported in this thesis, and reflects on limitations 

to address these needs of the integrated disease surveillance (IDS) initiative. Suggestions to 

improve IDS are given. 
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