6.16 Public health surveillance
Ruth L. Berkelman, Donna F. Stroup, and James W. Buehler

In: Deteis R, McEwen ), Beagiehole R, Tanaks H, eds. Oxford Textbook of Public Heaith: The Methods of
Public Heatth, vol 2. Fourth edition. Oxford, England: Oxford University Press, 2002:759-778.

Public health surveillance is the epidemiological foundation for
modern public health. Surveillance data resulting from the continuous
monitonng of the occurrence of a disease or condition. such as AIDS
or iead poisoning, underlie what public health actions cre taken and
retlect whether these actions are effective. The term ‘surveillance’ is
derived from the French word meaning 'to watch over’ and, as applied
to public heaith, means the close monitoring of the occurrence of
selected health conditions in the population. 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. Public heaith surveillance has been expanded
to include not oniv information on diseases. iniuries. and other
conditions but also information such as the prevalence of risk factors,
both personal and environmental.

Definition

In 1963 Langmuir defined disease surveillance as ‘the continued
watchfulness over the distribution and trends of incidence through the
svstematic collection. consolidation, and evaluation of morbiditv and
mortality reports and other relevant data’ together with timely and
regular dissemnination to those who "need to know’ (Langmuir 1963).
In 1968 the 21st World Heaith Assembiv described surveillance as
the svstemnatic collection and use of epidemiological information
tor the pianning. implementation. and assessment of disease
control: in short. surveillance implied ‘information for action’ (WHO
1968). The role and concept of public health surveillance continue to
evolve as the scope of surveillance broadens and as increasingly
sophisticated methods are applied (Thacker er al. 1989; Thacker and
Stroup 1994).

Surveillance should begin when there exists or is likelv to occur a
public health problem for which programmes for prevention and
control of a health event have been or mav need to be initiated. A
critical component of the definition of surveillance is that surveillance
systems include the ongoing collection. analvsis, and use of health
data. Thus. health information svstems (for example, registration of
births and deaths. routine abstraction of hospital records, health
survevs in a population) that are general and not linked to specific
prevention and control prograrnmes do not, by themselves, constitute
surveillance. However. data collected from ongoing heaith infor-
mation svsterns mayv be useful for surveillance when svstematically
anzivsed and applied on a timely basis.

History

The idea of collecting data, analysing them, and considering a
reasonable response stems from Hippocrates (Eyvlenbosch and Noah
1988). When writing on disease occurrence, Hippocrates made a
distinction between the steady state, the endemic state, and the abrupt
change in incidence—the epidemic. Possibly, the first public health
action that can be attributed to surveillance occurred in the 1300s
when public health authorities in a port near the Republic of Venice
prevented passengers from coming ashore during the time of epidemic
bubonic plague in Europe. The first Bill of Mortality was issued in
London in 1532 as a consequence of fear of a plague epidemic. John..
Graunt's treatise’ Natural and Political Observations on the Bills of
Mortality published in 1662 is generally recognized as one of the first
documents to describe use of numerical methods for monitoring
public health. In 1776 Johann Peter Frank advocated a more extensive

- monitoring of health in Germany that would support public health
- efforts related to the health of schoolchildren, prevention of iniuries,

maternal and child health, and public water and sewage disposal.

. William Farr is recognized as the founder of the modern concept of
surveillance.. As Superintendent of the Statistical Department of the
General Registrar's Office in Great Britain from 1839 to 1879, he
collected. analysed, and interpreted vital statistics and disseminated
the information in weekly, quarterly, and annual reports. He did not
stop with publication of official reports, but regularly contributed
papers to medical journals and even used the public press to achieve
effective action (Langmuir 1976). Thus, he took the responsibility of
seeing that action was taken on the basis of his analyses.

In the nineteenth century, Farr's efforts at health monitoring were
extended by Edwin Chadwick, who investigated the relationship
between environmental conditions and disease. Chadwick was fol-
lowed by Louis Rene Villerme, who analvsed the relation berween
poverty and mortality in Paris. In the United States, Lemnuel Shattuck
also published data that related deaths, infant and maternal mortality,
and infectious diseases to living conditions. He further recommended
standardized nomenclature for cause of disease and death. and the
collection of health data that included sex. age, locality, and other
demographic factors. The first international list of causes of death was
developed in 1893 (Evienbosch and Noah 1988).

Increasingly, elements of surveillance were applied to aid in
detecting epidemics and in preventing and controlling infectious
diseases. In 1899 the United Kingdom began com pulsory notification
of selected intectious diseases. National morbiditv data collection on
plague. smallpox, and vellow tever was initiated in 1878 in the United
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States, and by 1925 all states were reporting weekly to the United States
Public Health Service on the occurrence of selected diseases. In a
public health context, the term surveillance was increasingly applied to
programmes of reporting selected infectious diseases in a population,
with less emphasis on its application to quarantine of individuals
{Langmuir 1963; Thacker and Gregg 1996).

Similar reporting activities were occurring in Europe at about the
same time. In 1907 the Office International d’Hygiene Publique,
predominantly composed of European member states, was created
(WHO 1958). The office was to disseminate information in a monthly
bulletin on the occurrence of selected diseases, most notably cholera,
plague, and yellow fever. In the succeeding decades, other diseases
were recommended for surveillance in step with the International
Sanitary Regulations. However, many of the morbidity and mortality
reporting systems were not systematic and were still largely developed
for long-term archival functions.

Since the early 1950s, the critical importance of surveillance to
public health efforts has been demonstrated frequently. In 1955 acute
poliomyelitis among recipients of the poliomyelitis vaccine in the
United States threatened national vaccination programmes that had
just begun. In collaboration with state health departments. the
American Centers for Disease Control (CDC) developed an intensive
national surveillance system, and at one point a daily report was being
issued regarding poliomvelitis cases. The surveillance data assisted
epidemiologists in demonstrating that the problem was limited to a
single manufacturer of the vaccine and allowed the vaccination
programme to continue with a resulting dramatic decline in cases of
acute poliomyelitis in the United States in successive years (Langmuir
1963). During the worldwide malaria control programme, surveil-
lance was used to determine areas of continued transmission and to
focus spraying efforts, as well as to document those areas without
malaria (Raska 1966). With the subsequent decline in malaria control
efforts, surveillance data have documented the re-emergence of
malaria in many areas of the world. In so doing, these data have
contributed to renewed interest in malaria control at the end of the
twentieth century.

Surveillance was also the foundation for the successtul global
campaign to eradicate smallpox. When the campaign began in 1967,
efforts were focused on achieving a high vaccination level in countries
with endemic smallpox: however, it was soon evident that a pro-
gramme based on surveillance 1o target vaccinations in limited areas
would be more efficient. Smallpox reporting sources, usually medical
facilities, were contacted on a routine basis, and thus a reporting
network was firmly established in most countries. In 1ddition, other
reporting sources were often established. including markets, schools,
police, agricultural extension workers, and others. In 1973, as the goal
of eradication neared, a systematic house-to-house search for cases
was established in India and subsequently used widely in Pakistan and
Bangladesh (Henderson 1976). Well-designed surveillance systems for
data collection, tabulation, and routine feedback were vital to the
success of the programme.

In 1981, shortly after the disease later named AIDS was recognized,
national surveillance was begun in the United States and other
countries. Even before the aetiological agent, HIV, was identified,
surveiliance data contributed to identifying modes of transmission,
population groups at risk for infection, and, equally important,
population groups not at risk for infection. These data have been
instrumental in directing public health resources to programmes,

preventing further spread of HIV, and averting widespread public
hysteria (Jaffe er al. 1983).

The need for a strong infrastructure for surveillance svstems i
currently being re-emphasized not only as countries face the emerg.
ence and re-emergence of infectious diseases (Berkelman cr i 1994;
Heymann and Rodier 1998) but also as a result of the increasing threar
of biological terrorism (Henderson 1999). Plans for detecting terrorist
events include strengthening current surveillance systems as well as
establishing new ones, such as surveillance of emergency calls for
medical assistance, and admissions of patients to intensive care units
for respiratory conditions.

The potential usefulness of surveillance as a public health tool to
address problems beyond infectious disease was emphasized in 1968
when the 21st World Health Assembly recommended the application
of surveillance principles to a wider scope of problems, including
cancer, atherosclerosis, and social problems such as drug addiction
(WHO 1968). Many of the principles of surveillance traditionallv
applied 1o acute infectious diseases have also been applied to chronic
diseases and conditions, although some differences in surveillance
techniques have been observed (Thacker ¢r.al. 19931 (Table 11, Fyen
though chronic diseases may have Jong latency periads, trends in their
incidence mav change relativelv quickly, and surveillance can plav .
key role in detecting these changes when effective interventions are
applied (Berkelman and Buehler 1990).

In addition to the increased scope of health problems under
surveillance, the methods of surveillance have expanded from general
disease notification systems to include survey techniques, sentincl
health-provider systems, and other approaches to data collection
(Thacker and Berkelman 1988; Thacker and Stroup 1994). Bevond
disease notification, an ideal surveillance system would provide

. analyses of risk factors for disease and injury.

The assimilation of computers into the workplace has made
possible more efficient data collection as well as more rapid and
sophisticated analyses (Dean er al. 1998). In the United States, all state
health departments are linked to the CDC by computer for the routine
collection and dissemination of selected data on notifiable health
conditions (CDC 1991). In developing countries, computers are
increasingly being used with epidemiological programmes for analvsis
and ‘mapping (Frerichs 1991; Dean er al. 1993). Geographical
information systems are also in widespread use.

The explosive development of technology will include the develop-
ment of high-capacity storage devices, expansion of the capabilities of
the internet, use of local- and wide-area networks for entry of
surveillance data at multiple computers simultaneously, and develop-
ment of new programming tools, video and computer integration. and
voice and pen input, Integration of systems, including data standards,
is needed to allow maximal use of these advancements (Morris er i/,
1996).

Purposes of surveillance

A surveillance system should be designed to meet the needs of a
prevention and control programme (Table 2). These needs usually
include a description of the temporal and geographical trends in the
occurrence of a health event in a particular population. Most
importantly, surveillance systems should identify changes in disease
occurrence. The data should be useful for substantiating patterns of
both endemic and epidemic disease.

i
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Table 1 Acute and chronic disease surveillance

Common characteristics Acute disease surveillance Chronic disease surveillance
Purpose Monitor trends. Describe problem and  Emphasis on weekly or monthly Emphasis on year-to-year trends
estimate heaith burden, variations to detect outbreaks
Direct/evaluate programmes for
prevention and control _ »
Data Regutar Reliance on notification by health-care Greater use of existing databases (e.g.
, . B . providersfaboratories  vinal statistics, hospital discharges)
Daia analysis Descriptive staustics for time, place, Emphasis often on case counts Emphasis usually on rates
person _ o
Data dissemination  Regular: frequency reflects data More frequent Less frequent

collection. Audience targeted

The role of surveillance in guiding public health programmes is
illustrated by the first major national disease control activity initiated
by the CDC—the Malaria Eradication Programme. Surveys in the
mid-1930s had established malaria to be an endemic problem deeply
rooted in the south-eastern part of the United States. An extensive
chlorophenothane (DDT) spraying programme was launched after
the Second World War, and surveillance was instituted in 1947. Data

~from this surveillance system established rapidiy that endemic malaria

had essentially disappeared, probably even before the DDT pro-
gramme was under way (Langmuir 1963). In this case, surveillance
was used as the basis for dismantling a public health programme and
redirecting public health resources to problems of higher priority.

However, the need for surveillance may continue for a disease even
when prevention and control programmes are cut back, particularly
for infectious diseases such as tuberculosis, dengue fever, or malaria
whose incidence may change quickly. Generally, the more quickly
re-emergence of a disease is detected. the more quickly and efficieatly
it can be controlled (CDC 1992a; PAHO 1994).

Surveillance data are also useful for evaluating the effectiveness of
prevention and control programmes (CDC 1992b) and of regulations
or laws modified or initiated to address public health concerns (for
example safetv of food and water, alcchol-related motor vehicle
inuries . Monitoring of changes in the incidence of the discase or
condition 1s pecessary, and monitoring associated risk factors < food
and water sanitation. selt-reports of drinking and driving) may also be
useful. The rapid decline in morbidity from many infectious diseases
In certain populations has been related directly to vaccination
campaigns that were conducted as a result of surveillance data on
disease incidence. Direct correlation of a single intervention to a

Table 2 Purposes of public health surveillance

To define public health priorities

To characterize disease patterns by time, place. and person
To detect epidemics

To suggest hypotheses

To identify cases for epidemiological research

To evaluate prevention and control programmes

o facilitate planning. including projection of future trends and heaith-
‘are needs

specific disease outcome may be difficult when the aetiology of the
disease is multifactorial, but the impact of an intervention on disease
outcome, including its incidence and severity, remains the ultimate
test of policy.

Assessment of the burden of disease, including its incidence (that
is, the number of people newly affected each year) and its current and
projected prevalence (that is, the number of people affected by the
disease at any point in time), is essential io planning public Lealth

programmes. For example, in the 1980s, surveillance for AIDS-was —.- -

critical to the forecasting of the future impact of that disease in the
United States (Gail and Brookmeyer 1988; Institute of Medicine
1988). With the ageing of the population, projections of disease
prevalence in the elderly are being emphasized (Murray and Lopez
1997).

- Surveillance may be initiated to identify risk factors associated with
disease and to suggest hypotheses for further investigation; cases
identified through surveillance are sometimes used in case—ontrol
studies, as in the early studies of toxic shock syndrome and the AIDS
epidemic (Shands er al. 1980; Jaffe er al. 1983). Lffective preventive
actions were. formulated based on such research even before the
aetiological agents, a toxigenic strain of Staphylococcus aureus and
HI\, were discovered.

Establishing a surveillance system

Establishing a surveillance system requires a statement of objectives,
definition of the disease or condition under surveillance, and
implementation of procedures for collecting, interpreting, and dis-
seminating information. Surveillance systems can be considered as
information loops, or cycles, that involve health-care providers. public
health agencies, and the public. A weakness in any part of the loop or
information chain weakens the entire surveillance process. For
example, if public health measures mandate that infectious conditions
such as crvptosporidiosis must be reported. the surveillance svstem
will be successful only if laboratories have the capacity to diagnose the
infection (Berkelman 1994). Likewise, if the diagnosis on a hospital
discharge record is coded incorrectly, surveillance data based on
hospital discharge records will reflect the inaccuracies.

The information cvcle begins when cases occur and is completed
when information about these cases is made available and is used for
prevention and control. This process may involve multiple cycles,
ranging from the Jocal response to individual cases to the development
of national policies based on information aggregated from many cases.
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Essential to the completion of the surveillance cycie is the return of
information to those who ‘need to know’ (Langmuir 1963), and thus
attention must be directed not only to procedures for collecting data
but also to procedures for ensuring that useful information is returned
to constituents.

The likelihood that effective interventions can be found, can
prevent the occurrence of disease, or can alleviate the course of
existing disease is an important consideration in determining whether
a surveillance system will be useful. However, even in the absence of a
currently effective intervention, surveillance data can indicate the
need for legislation (for example, the use of surveillance data on
traumatic head injuries to influence legislation regarding mandatory
use of bicycle helmets in children) or the need for more resource
allocation if a problem poses an increasing health threat (for example,
development of a pneumococcal vaccine for children aged under
2 years old becomes more urgent as the incidence of multidrug-
resistant pneumococci increases). A surveillance programme is less
likely to succeed if no clearly effective control or prevention measures
are defined.

Health priorities for surveillance must be continually evaluated as
new infections emerge (for example, Escherichia coli 0157:H7), the
population is exposed to new hazards (for example, new consumer
products, environmental contamination), and other health conditions
change. Surveillance for both the disease or condition, as well as for
associated risk factors and prevention services, should be considered.

Public health surveillance in devetoping
countries: special considerations

Many aspects of public health surveillance are similar for developed
and developing countries; these include the steps of systemn design and
the principle of collecting information for action. However, existing
data sources and resources for targeted data collection are generally far
more limited in developing countries than in developed countries;
scarce resources have led to relatively inexpensive and innovative
surveillance techniques in many developing countries.

Tracking disease trends (particularly infectious diseases) has been
the main reason surveillance systems have been instituted in develop-
ing as well as developed countries (Langmuir 1963). Many infectious
diseases and other conditions of public health import—diarrhoea,
malaria, pneumonia. and malnutrition—occur in settings with only
rudimentary health care and few laboratory resources. Diseases are
often empirically treated, and lack of definitive diagnosis may hinder
surveillance and response efforts. Resources for surveillance that
contribute to passive disease notification may result in inadequate
data to meet surveillance or other health objectives (Sandiford er al.
1992).

Successful surveillance systems have been developed and main-
tained for targeted conditions; their success is partly dependent on
features that include low budget, simplicity of reporting procedures,
personal rapport with people in the network, regular teedback, and
visible intervention consequent upon reporting specific conditions.
For example, surveillance for childhood vaccine-preventable diseases
has been conducted in Vellore, India, for more than a decade; everv
hospital (both government and private) is enrolled and participates in
the system (John ez al. 1998).

Programmes to eradicate polio (and previously smalipox) make
extensive use of surveillance to monitor the progress toward reaching

their goals (CDC 1999a). Eradication programmes must rely on
targeted surveillance, which becomes more important (and €Xpensive)
as the target disease approaches eradication (Henderson 1998). Th,
resources for targeted surveillance activities, including laboratory
support, for an eradication or other specific programme may come
from other countries, and may include both public and priva
donors. .

In many developing countries, the process of linking surveillanes™
to objectives highlights the need for mortality data and the absence of
vital registration. The most basic health statistics are limited in many
developing countries, with death registration inadequate or nop.
existent. Use of the verbal autopsy, which uses a caretaker interview to
determine the cause of death, may assist in following mortality
patterns in places without routine death registration (Kaufman et a!
1997; Fantahun 1998; Toliman et al. 1999). Sensitivity in establishing
an accurate cause of death may be lower for some acute febrile
conditions such as malaria than for conditions such as maternal
causes, injuries, tuberculosis, and AIDS (Chandramohan et al. 1998),
and different techniques in conducting verbal autopsies may result in
quite different sensitivities for specific conditions (Quigley eral. 1996,

Other sources of health information may include United Nations
International Children's Emergency Fund (UNICEF), the World
Health Organization (WHO), international conferences, non-
governmental organizations, and population laboratories (for
example, the International Center for Diarrheal Disease Research,
Bangladesh). Although health problems are similar in many low-
resource settings, relying on data from other countries can create
major problems when there are geographical differences in the
incidence of the condition. In addition, the health impact associated
with certain conditions such as hepatitis B, rotavirus, or malaria may
be significantly different in different regions and countries.

‘The design of surveillance systems must consider such issues as
resources available, security, geography, population dispersion and
mobility, type of health system, and literacy. Problems (more
common but not unique to developing countries) may include limited
personnel available for public health, muitiple vertical systems, lack of
laboratory capacity, and infrastructure and communications con-
straints (for example, lack of equipment, supplies, or electrical power).

-~ Solutions to address the lack of personnel for public health and

prevention have included voluntary systems (using community health
workers, traditional birth attendants, or village volunteers). More
familiar solutions are public health training programmes designed to
meet human resource gaps (Adams and Hirschfeld 1998). Concerns
about the cost-effectiveness of short-term iraining and the lack of
applicability of long-term training to academic graduates have
resulted in programmes targeting the specific needs of public health
agencies. Examples include the Field Epidemiology Training Pro-
grams and the Public Health Schools Without Walls (Music and
Schultz 1990; Cardenas et ai. 1998), training programmes that have
been initiated in both developed and developing countries.
Concurrently, the increase in availability of computers to analyse
and transmit surveillance data and the decrease in the cost of such
technology offers increased opportunity for surveillance. Epi Info is a
public health computer program designed to assist data management
and analysis that is available free and over the internet (Dean 1999);
this tool has been used successfully in both developed and developing
countries. This program is available in seven languages (English,
French, Spanish, Arabic, Russian, Chinese, and Serbo-Croat), and
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manuals or portions of it have been translated into these languages
and Italian, Portuguese, German, Norwegian, Hungarian, Czech,
Polish, Romanian, Indonesian, and Farsi. Epi Info and other infor-
mation systems should be seen as tools to be used to provide data to
policy-makers and others to inform decisions which improve health.

Surveillance system objectives

Defining the objectives of a surveillance system depends on what
information is needed, who needs it, and how it will be used.
Implementing a system will require a balance of competing interests,
and a clear statement of objectives will provide a framework for
subsequent decisions. For example, the desire to collect detailed
information about cases may compete with needs to assess the number
of cases rapidly. Thus, if the primary objective is to obtain rapid case
counts, less information would be coliected about each case to avoid
delays in reporting. The objectives of a surveillance system will be
shaped by its target population and its constituents, the nature of
prevention and control programmes, and the health problem under
surveillance.

Target population

A surveillance system seeks to identify health events within a specified
population. This population may be defined on the basis of where
people live, work, attend school, or use health-care services. Alterna-
tively, the population may be defined on the basis of where health
events occur. For example, a surveillance system that monitors
newborn health as a2 measure of prenatal care services would focus on
deliveries to women who live within a community and not on women
who live elsewhere but deliver in the community’s hospitals. In
contrast, surveillance of traffic injuries aimed at identifying roadway
hazards could include all injuries that occur in a community,
regardless of whether affected people are community residents.

Constituents of surveillance systems

Surveillance systems are likely to have many constituents, including
health-care providers, public health professionals, researchers at
academic health centres, politicians, media reporters, the public, and
others with diverse perspectives and uses for surveillance data. Because
these diverse needs cannot always be satisfied, the primary or most
important constituents should be identified.

Nature of public health programmes

The objectives of surveillance systems will be shaped by the objectives
and capabilities of the public health programmes they serve. For
¢xample, a programme to eradicate an infectious disease requires
intensive surveillance in the final stages of the campaign that
emphasizes identification of all people with the disease (Hinman and
Hopkins 1998). This strategy was used in the smallpox eradication
Programme and has also been employed in the poliomyelitis eradi-
cation programmes in the Americas (Foege et al. 1975; Biellik et al.
1952, In contrast, an educational programme to influence behaviour
May depend on a surveillance system that describes the practices of 2
sample of people in a communitv (Remington er al. 1988).

Health problems under surveillance

It is necessary to decide exactly what disease or heaith problem will be
under surveillance, using such criteria as the magnitude of the public
heaith problem (or potential magnitude) as well as the capacity to
prevent or control the disease or condition through public health
actions. Surveillance may frequently be conducted for any of several
points along a spectrum, ranging from exposure to an adverse
outcome. It is important to consider which manifestation(s) or
stage(s) of a disease should be under surveillance. For example,
manifestations of ischaemic heart disease include abnormal diagnostic
tests in the absence of symptoms, angina pectoris, acute myocardial
infarction, and (sudden) death. If the goal of surveillance is to assess
the burden of the disease on health-care systems, a broad definition
that encompasses various manifestations may be appropriate. If the
purpose is to monitor trends in the disease, a more limited and severe
manifestation, such as myocardial infarction, may be the appropriate
targer for surveillance. If resources are limited, surveillance based on
analyses of death certificates may be most feasible; however, interpret-
ation of trends may be complicated by independent trends in the
occurrence of the disease, advances in treatment, or changes in coding
vital records. Alternatively, attention may be focused on risk factors
for cardiovascular disease, such as hypertension, smoking, cholesterol
levels, and physical activity (Amnett et al. 1998; McQueen 1999). For
surveillance of infections carried by animals or arthropods (such as
rabies and encephalitis), surveillance of infection in the reservoir host
may be as important as surveillance in the human population.

Case definition

The case definition is fundamental to any surveillance system because
it is the formal answer 1o the question of what manifestations of a
disease or condition are under surveillance (CDC 1997) (see http://
www.cdc.gov/epo/dphsi/casedef). It is both a criterion for determin-
ing who is counted and a guide to local health departments for case
investigations and follow-up. It ensures that the same measure is used
across geographical areas. The case definition must be sufficiently
inclusive (sensitive) to identify people who require public health
attention but sufficiently exclusive (specific) to avoid unnecessary
diversion of that attention. In addition, the case definition must be
usable by all people on whom the system depends for case reporting.
There is no ideal case definition for any particular disease or
condition. The following are two possible case definitions that could
be used in conducting surveillance for hepatitis A.

Definition 1

Iliness characterized by jaundice, elevated liver enzymes, and serological
detection of immunoglobulin M antibodies against hepatitis A. This
definition presumes that affected people will have access to health-care
services, including diagnostic testing. This approach would exclude
people who have an epidemiological and clinical picture consistent
with hepatitis A but who lack serological testing. The definition also
does not include people with asymptomatic hepatitis A infection. An
alternative may be to use a definition that inciudes all people with a
positive test for immunoglobulin M antibodies against the hepatitis A
virus. To accommodate these possibilities, the case definition may be
subdivided to allow for symptomatic versus asymptomatic cases or for
gradations based on certainty of diagnosis (confirmed case, presump-
tive case, possible case, and so on).

763
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Definition 2

Iliness characterized by yellow eyes. This definition is simple and may be
appropriate in a setting where hepatitis A transmission has been
documented and where there is limited access to diagnostic services,
where field staff have little formal training, and where there is an
emergent need to assess a population rapidly (for example, a
common-source outbreak). With this definition, hepatitis case counts
may include some people with jaundice caused by other conditions,
but the lack of specificity may not substantially affect the usefulness of
the overall information.

Neither of these two definitions or possible variations is inherently
better than the other, and each may be appropriate in a given setting.
The first definition is more specific but may lack utility in circum-
stances in which laboratory testing is limited. The second definition
would not be appropriate for a population in which the majority of
people are immune to hepatitis A, either because of past infection or
vaccination.

Thus, the definition must be geared to the circumstances of each
surveillance svstem. The definition must also remain current as
conditions change. During the course of the poliomyelitis eradication
campaign, different definitions have been used. with a less specific
definition needed when cases of poliomyelitis are common. Following
successful vaccination campaigns and a large reduction in discase
incidence, case definitions for poliomyelitis require more specificity,
which in turn requires laboratory confirmation of cases of acute
flaccid paralysis { Andrus et al. 1992).

A similar range of possible case definitions also exists for

surveillance systems that focus on adverse health exposures rather °

than disease outcomes. For example, in a surveillance system that
addresses occupational hazards, exposure to a harmful substance may
be monitored by self-report of workers, by company log-books of
manufacturing procedures, or by routine measurement of substances
in the work environment, on workers’ clothing, or in specimens
collected from workers. Each of these possible case definitions would
require different levels of co-operation from the company or workers,
and each may be subject to unique limitations that could bias
surveillance.

The flow of information

Although surveillance systems for chronic diseases and other con-
ditions frequently rely on multiple data sources that may be collected
primarily for purposes other than »ublic health, many surveillance
systems depend on data acquired expilicitly for surveillance purposes
and rely on a sequential flow of these data through the fuli surveillance
cycle. Each facet of this process should be carefully planned, as
described below.

Reporters

People responsible for reporting cases may be all health-care providers
in a defined area, selected providers, or people at specific institutions
(for example clinics, health-care organizations, laboratories, hospitals,
schools, factories, and so on). In addition to communicating case
reports, reporters may be responsible for collecting specimens needed
by public health agencies for laboratory confirmation or application of
molecular epidemiological techniques (for example, determining

whether a case of poliomyelitis has been caused by a vaccine strainora
wild-tvpe poiiomyelitis virus).

Data collection instruments

The desire to collect detailed information must be tempered by the
need to limit data to items that can be reliably and consistentiy
collected over the long term. Forms or other data collection
instruments that are too detailed and too complicated will not be
welcomed by those on whom the surveillance system must depend,
This is independent of whether the forms are computerized, although
computerization may make the process more acceptable to reporters,
In addition, computerized systems that exist for other purposes (for
example patient records) may permit more detailed collection of data
without additional burden to the reporter.

In addition to the widespread use of computers in surveillance
(Koo and Wetterhall 1996), standards for exchanging information are
critical to the future utility of all public health surveillance and
information systems. Many coding systems currently used in public
health are not compatible with the needs of other organizations. In
1996, the American Congress passed the Health Insurance Portability
and Accountability Act to encourage the development of standards fur
data related to health care {Chute et al. 1998). The passage of thi
legislation has increased the level of activity related to integration of
clinical information in the United States.

Timing

Surveillance systems provide data on a regulcr basis, ranging from
daily to annually. Whatever periodicity is used should be specified and -
adhered to by participants in all phases of the surveillance loop;
reporting should occur even when the number of reported cases is
zero. To contain an outbreak of meningococcal meningitis, the health
department must receive reports of cases quickly (that is, within 24 hj

-s0 that necessary control measures may be taken immediately. In

contrast, a breast cancer registry evaluating the effectiveness of
targeted. screening services for breast cancer may collect and analyse
data on a quarterly basis or even less frequently. To achieve the
objective of the surveillance system, the appropriate timing should be
considered as the system is established. With increasing com-
puterization and Internet use, reporting at the time of case identifi-
cation is becoming a reality.

Aggregation of data

Surveillance data may be in the form of individual patient records or
aggregate counts and tabulations. For example, there may be a need at
the local level to maintain records on individual people to direct
follow-up services. In addition, individual data permit more flexibility
of analysis than aggregate data, and computerization has facilitated
transfer of case-specific data more easily to a central level.

Data transmission

The mode of data transmission will depend on both the need for
timeliness and communications resources. In many health agencies in
developed and developing countries, computers are still unavailable
and reliance on postage of forms and facsimile transmission is needed.
During the 1980s, computers were introduced and increasingly used
in surveillance systems, facilitating transmission of data in electronic
formats and Internet communications (Valleron er al. 1986; CDC
1991: Koo and Wetterhall 1996).
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Computerization has also been helpful in transmitting molecular
data on isolates of certain pathogens, such as the pulsed field gel
electrophoresis patterns of E. coli 0157:H7 through Pulse-Net (http://
www.cdc.gov/ncidod/dbmd/pulsenet/pulsenet.htm). In addition,
computerization may facilitate and enhance regular and personal
contact among public health officials, health-care providers, and
others who participate in such activities as a closed electronic mail
system. The Emerging Infections Network, in which hundreds of
infectious disease practitioners participate in the United States, uses an
electronic mail conference for on-line discussion when new insights
into disease occurrence are needed and allows for close communi-
cation between public health officials and health-care providers
(Executive Committee of the Emerging Infections Network 1997).

Data management and dissemination

The following issues in data management and dissemination should
be considered in planning for storage, analysis, and dissemination of
surveillance information.

Updating records

Surveillance data often need to be updated. Information that was
initially unattainable may become available, follow-up investigations
vield suppiemental information, people initially classified as meeting
or not meeting a case definition may be reclassified, errors in reporting
may be identified and corrected, and duplicate case reports may be
recognized and culled. One approach to handling these and other
changes is to maintain both provisional and final records, including
separate publications for provisional and final data. When analysing
trends, it is often useful to compare provisional data in one period of
time with provisional data from another point in time, since bias in
preliminary data may change when data are updated. Provisional
reports may satisfy immediate information needs, whereas final and
more delayed reports can accommodate corrections and updates to a
reasonable limit and can serve an archival function. Computerization
facilitates record updates. '

Selecting measures for time and place

A case report may include dates, such as those of the onset of disease,
the diagnosis., the report 1o local health authorities, and the report to
regional or national health authorities. Analyses of surveillance data
mav be based on the date of any of these events. However, if there are,
for example. long delays between dates of diagnosis and report,
analyses of trends based on date of diagnosis will be unreliable for the
most recent periods. Similarly, surveillance data mav be tabulated on
the basis of the site of occurrence of the health event, the site of
diagnosis, or the residence of people reported. The selection of these
measures for time and place may also differ for provisional and final
surveillance reports. As with other statistical methods, the availability
of software aids spatial analysis methods (Dean et al. 1991; Biomed-
ware 1994).

Confidentiality

Preventing inappropriate disclosure of surveillance data is essential
both to the privacy of people with reported cases of disease and to the
trust of participants in the surveillance svstem. The protection of
contidentiality begins with limiting data collection and transmission
1o 2 minimum and includes ensuring the physical security of

surveillance records, the discretion of surveillance staff, and legal
safeguards (Federal Committee on Statistics 1994). To elicit public
health surveillance information from the public and from health-care
providers, strong laws that assure a careful procedure for maintaining
and reporting data are frequently necessary to ensure the privacy of
personal information (Gostin and Hadley 1998). Privacy regulations
in the United States are currently based on a patchwork of state and
local legislation and may lack adequate protection for electronic health
information. Recent bills introduced in the American Congress
include definitions of protected information and descriptions of
disclosures that may occur with or without consent. Sometimes
forgotten in the discussion of health information privacy is the
concept that use of electronic information systems can often improve
the security of data.

Physical protection of records is accomplished by rules of conduct
for people involved in the design, development, operation, or
maintenance of any surveillance system. For example, confidential
records should be kept locked up at all times when not in use. When
confidential records are in use, they must be kept out of the sight of
people not authorized to work with the records. Except as needed for
operational purposes, copies of confidential records should not be
made. When confidential surveillance records are in the possession of
other agencies, provision should be made for their protection.

Provision of data containing identifiers of individuals or establish-

ments should be held to the minimum number deemed essential to
perform public health functions. Categories should be sufficiently
broad to avoid inadvertent identification of an individual person or
institution. In particular, release of information for small geographical
areas must be carefully considered to protect confidentiality (Com-
mittee on National Statistics 1993).

Initiating and maintaining participation
Public health agencies depend on the ongoing co-operation of others

_ to identifv and report cases in most surveillance systems. Whether

reporting is required by law, is voluntary, or is financially rewarded,
most reporting still takes time and effort (this may change ‘as
information svstems play a larger role). Many approaches require
contact of public health professionals with the reporting sources;
dissemination of reports that document the usefulness of surveillance
data are likely to be a key to initiating and maintaining participation in
the system. In addition to professional meetings and other personal
contacts, electronic mail affords an excellent route of informal
communication between public health professionals and health-care
providers. .

For certain diseases, reporting is often required by law. Although
legal mandates may not guarantee reporting, they establish the
authority under which health agencies conduct surveillance. In
addition, reporting laws and regulations may identifv not only those
who are required to report cases but also those who may report cases
without fear of liability for violation of privacy. Statutes may also
protect health agencies from forced disclosure of the identity of people
with particular diseases.

Organizational structure

If the surveillance loop of data collection, analysis, interpretation. and
feedback is to function as a continuous process, an organizational
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structure is required. Such a structure depends on the resources
available, including the number of personnel and their level of
training, the technology available for communication and data
management (for example computers), and financial constraints, as
well as the number and type of diseases, health conditions, or risk
factors under surveillance. In one example of a simple form of
reporting, the organizational structure requires health-care providers
to report a single disease or health event on a regular basis to a
co-ordinating public heaith authority. A more complex form would
include a network of reporting units dealing concurrently with
problems related to many diseases. In any case, the structure must
allow data to be gathered from various sources and evaluated by
epidemiologists in time for appropriate action to be taken. These data
must be routinely disseminated to a targeted audience and repro-
duction and teleccommunication equipment are minimal
requirements.

The structure should provide support for training of key personnel
in surveillance through seminars, distance-based learning, or other
venues that give field and central staff the opportunity to review
procedures and to resolve operational problems. Appropriate techni-
cal support, such as provision of diagnostic reagents, laboratory space,
and computer equipment, must also be ensured. Finallv, the need for
regular evaluation of the surveillance systems should be recognized.

Delegating tasks to international, national, regional, and local
health authorities should depend on information needs and resources
at each level. Particular attention should be directed to the local level
because primary responsibility for information collection and public
health responsibilities are usually local. Central agencies are respon-
sible for guiding, as well as co-ordinating, data collection procedures;

they ensure that surveillance data are collected using standardized '
methodology such that the data from one geographical area can be -

reliably compared with data from another area and such that the data
can be aggregated into regional or national summaries. Also, because
many monitoring efforts for non-infectious conditions (for example,
traffic injuries, water pollution, and so on) are often dealt with by
governmental agencies other than public health agencies (for example,
police authorities, environmental protection agencies), there needs to
be effective co-ordination between health authorities and other
appropriate authorities; for this purpose, procedures may need to be
established to ensure the necessary communication.

Data collection

Public health surveillance data are collected in many ways, depending
on the nature of the health event under surveillance, potential
methods for identifying the disease, the population involved, the
resources available, and the goals of the programme. Some surveil-
lance systems may rely on a single source of data with alternate data
sources being used periodically to evaluate or to enhance the
completeness of routine surveillance data.

Notification systems

Notifiable disease reporting is the surveillance approach traditionally
used by public health programmes. A system of notification is based
on laws or regulaticns by health authorities that require reporting of
selected diseases or conditions, usually infectious, to the health
department to support and direct prevention and control pro-
grammes (Rousch et al 1999). Notification reporting may be
instituted at many levels {local, national, and international). Ultimate-

ly, under a system of notification, the reporting will be most useful ang
most accurate for diseases if surveillance is supported and emphasized
at a local level. People or institutions with responsibility for reporting
to the public health authority often include doctors, other health-care
providers, coroners and medical examiners, laboratories, and hosp;-
tals. Historically, doctors and other health-care workers such as
infection control practitioners have been most important to systems
of notification. Reliance on laboratory reporting and on computerized
records collected primarily for other reasons is increasing.

In any country, the extent of notification activities depends on the
availability of facilities and resources—trained staff, laboratory and
other equipment, epidemiological services, and liaison with health-
care providers and other key reporters—as well as the health priority
of the disease and method of diagnosis (Berkelman er al 1994),
Reports are often initiated by health-care providers or other reporting
source; for some diseases for which more complete reporting is
sought, public health professionals may contact major reporting
sources and/or review laboratory or other relevant records to ensure
that cases are ascertained. These systems of reporting have been
described as passive and active respectively, but the distinctions are
not always clear. Data for many surveillance programmes represent a
mixture of both reports elicited by public heaith professionals
contacting health-care providers or reviewing records and repors
submitted by health-care providers to public health officials without
direct solicitation. Computerization of patient and laboratory records
should facilitate reporting.

Reporting is generally incomplete for most notifiable diseases
(Hinman 1977; Vogt et al. 1983). If people are asvmptomatic or have
only mild symptoms, they will not usually seek health care. Patients
and doctors may conceal diseases that carry a social stigma, such as
sexually transmitted diseases. Health-care providers may also fail to
report because they may be unaware of regulations or because they

- may treat the symptoms without a complete laboratory investigation.

Completeness of reporting may also be significantly influenced by
factors such as medical community interest and publicity; the most
important is probably the intensity of surveillance efforts, which is
closely linked to availability of resources (Davis and Vergeront 1982;
Buehler er al. 1992). Many incomplete data may serve their purpose,
however. Epidemics, as well as generai temporal and geographical
trends, can be determined as long as the proportion of cases detected
remains consistent over time and across geographical areas.

A comparison between cases of viral hepatitis reported by
practitioners in private practice and cases reported in a population
covered by an insurance plan in Israel demonstrated that, although
completeness of reporting by the doctors was only 37 per cent, the
distribution of reported cases by season and age was similar to that
recorded in the insured population (Brachott and Mosley 1972).
However, under-reporting may affect representativeness; a study of
under-reporting of acute viral hepatitis in the United States demon-
strated that homosexual men with hepatitis B and blood transfusion
recipients with non-A non-B hepatitis were less likely to be reported
than members of other risk groups (Alter er al 1987). Thus,
surveillance data acquired through reports initiated by health-care
providers may not accurately reflect the risk for specific populations.

The potential for re-emergence of infectious diseases requires
continued vigilance and capacity to respond, even though the control
programme may not be a high public health priority (for example,
plague). As new infectious agents are recognized, the need to expand
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the surveillance system to control these agents effectively has been
recognized in many countries. Furthermore, as international travel
and commerce facilitate the rapid spread of pathogens from one part
of the globe to another, the need for improved international
communicable disease surveillance has become apparent (Institute of
Medicine 1992; Heymann and Rodier 1998).

Although infectious conditions have dominated the list of noti-
fiable diseases in most countries, other diseases and conditions may
also have to be reported. Adverse drug reactions, occupational
injuries, poisonings, and specified malignancies, among others, may
be required to be reported, particularly in developed countries (Faich
et al. 1987; DeBock 1988; Freund er al. 1989; Koo and Wetterhall
1996).

In settings where the infrastructure does not exist to support
accurate case reporting systems yet there is a need to assess the impact
of a disease on morbidity, an alternative and potentially simple and
rapid approach is to survey hospitals periodically for the number of
admissions attributed to a particular condition (DeCock et al. 1989).
Another crude but inexpensive surveillance system for diseases with
high morbidity rates and for which notification may not be appropri-
ate (for example, gastrointestinal illnesses or influenza) may be based
on absenteeismn from schools or industry, depending on the ages of the
affected populations. °

Health-care provider networks

Networks of health-care providers have been organized in recent
years, primarily to gather information on selected health events. Most
have been organized by practising doctors on a voluntary basis; in
many European countries, these networks have formed firm relation-
ships with both public health authorities and academic centres, and
often form the basis for morbidity surveillance (Valleron et al. 1986).

The strengths of sentinel provider systems include the commit-
ment of the participants, the possibility of collecting longitudinal data,
the flexibility of the system tc address a changing set of conditions, and
the ability to gain information on all patient-provider encounters,
regardless of severitv of illness. The most severe limitation of this tvpe
of svstem is that the population served by these doctors mav not be
representative of the general population. In addition, the illness must
be fairly common to provide representative incidence data from a
small sample of doctor contacts.

Exampie

A voluntary network of general practitioners in Belgium was initiated
in 1978 (Stroobant et al. 1988). Practitioners were selected who were
representative of Belgian general practitioners according to age and
sex and who were geographically distributed to ensure coverage of the
country. Participants report weekly and the results are sent to the
participants on a quarterly basis. The list of health problems has
included selected vaccine-preventable diseases, respiratory con-
ditions, and suicide attempts, with some health problems such as
mumps and measles reported continuously and others on a less
frequent basis. A high level of participation has been documented,
with the degree of form completion and continuity of reporting as
criteria for assessment. The network has been evaluated in terms of
its possible biases, such as non-participation of practitioners and
difficulties in estimating the population at risk for the irealth problems

under study; methods have been developed to reduce these biases
(Lobet er al. 1987),

Example

The British Paediatric Surveillance Unit (BPSU) (htpy/
bpsu.rcpch.ac.uk) was initiated in 1986 through the collaboration of
several agencies: the British Paediatric Society, the Public Health
Laboratory Service Communicable Disease Surveillance Centre, and
the Department of Epidemiology at the University of London. The
BPSU has also added collaborators from specialty groups such as
orthopaedics, rheumatology, and dermatology. The BPSU has enabled
paediatricians to participate in the surveillance of infections and
infection-related conditions and in studies of uncommon disorders. It
also provides a mechanism by which new diseases can be detected
quickly and monitored. The reporting system involves the mailing of a
monthly card which contains the disorders currently being surveyed.
Examples of conditions under surveillance have included HIV
infection and AIDS, insulin-dependent diabetes mellitus, acute flaccid
paralysis, and new variant Creutzfeldt-jakob disease in children.

Example

In 1979 the Ministry of Public Health in China and the Chinese
Academy of Preventive Medicine initiated a sentinel network of
surveillance sites to address the need for more timely and representa-
tive data (Cheng 1992; Yang 1992). Data from county and provincial
epidemic prevention stations are reported to the Chinese Academy of
Preventive Medicine. The entire surveillance system consists of five
components: the National Notifiable Diseases Reporting System,
disease-specific surveillance systems for endemic areas, mortality
statistics, natality statistics, and a sentinel surveillance system for
approximately 35 infectious diseases, births, deaths, vaccinations, and
risk factors. Data are analysed monthly, and a report is distributed to
health officials in more than 3000 counties. The data have been used to
develop prevention programmes (Zhang 1990), detect changes in
infectious ‘agents (Shen er al. 1984), and influence policy affe_ting
communities (Yang et al. 1957).

Laboratory surveillance

Surveillance of routinely collected laboratory reports has been
particularly useful for certain infectious conditions. For instance, in
the United States, reporting from many public health laboratories is
automated (Bean et al 1992). In England and Wales nearly all
microbiology laboratories report positive identifications of specified
infections each week to the Communicable Disease Surveillance
Centre. The advantages of the laboratory reporting system are its
specificity, its flexibility in adding new diseases, its rapidity, and the
amount of detail about the infectious agent that can be provided.
Reports indicate trends or the appearance of rare infections origina-
ting from a common source that could not be identified by a single
laboratory. One disadvantage is that the number of people from
whom specimens are tested is usually not reported. In addition, the
people tested may not be representative of the population at risk. For
some infections, such as toxic shock syndrome, there is no laboratory
test, and for many common illnesses a specimen may not be taken (for
example influenza).

Nosocomial infection surveillance is often based on review of
laboratory records by an infection control nurse or other designated
staff (Brachman 1982). In 1970 in the United States, the National
Nosocomial Infection Study was initiated to monitor the frequency
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and trends of nosocomial infection in American hospitals. Approxi-
mately 160 hospitals participate in what is now a voluntary national
surveillance system, with microbiology studies reported on 90 per
cent of infected patients (Gaynes et al. 1991). A network of
laboratories of different medical centres around the world has been
established to conduct surveillance of antibiotic resistance for various
pathogens (Stelling and O’Brien 1997).

In addition, the use of molecular tools to enhance surveillance of
pathogens is growing in many countries. PulseNet serves as a
American network of public health laboratories that performs DNA
‘fingerprinting’ on bacteria that may be foodborne. The network
permits rapid comparison of these ‘fingerprint’ patterns through an
electronic database, for example, similar pulsed field gel electrophore-
sis patterns of E. coli 0157:H7 bacteria isolated from ill people suggest
that the bacteria come from a common source, for example, a widely
distributed contaminated food product (http://www.cdc.gov/ncidod/
dbmd/puisenet/pulsenet.htm).

Disease registries
Registries are comprehensive longitudinal listings of people with
particular conditions. Thev often include detailed information about
diagnostic classification. treatment, and outcome. Registries were
initially established primarily for epidemiological research on individ-
ual diseases or conditions to develop aetiological hypotheses and to
identify cases for further research (Weddell 1973). Registries have also
been used to ensure the provision of apprapriate care and to evaluate
changing patterns of medical care; unlike other disease information
systems, théy cut across the different levels of severity of iliness and
may provide information over time about individual people. Recently,
the value of registries for monitoring disease incidence and its
distribution, as well as for evaluating the effectiveness of targeted
screening programmes, has been more widely recognized.

To focus on selected diseases or conditions, registries often develop
a constituency that promotes participation and reporting. Most
registries rely on numerous sources of data for case detection
including, but not limited to, hospitals, laboratories, and death
records; few registries rely primarily on doctor notification. Public
health professionals probably have the most experience with cancer
registries and registries for congenital malformations.

Population-based cancer registries generally have relied on mul-
tiple sources of data, including most importantly clinical pathology
laboratories and hospital diagnoses (Parkin 1988). Death certification
is also important, and other records such as those from oncology or
radiotherapy units are also useful where available. Tliere has beer.
increasing adherence to internationally recognized standards and the
resulting data are used to compare the incidence of cancer in different
geographical locations and distinct ethnic groups (Raymond 1997). In
the United States, several population-based registrizs have been
developed that conduct surveillance for cancer, and the national
Co-ordinating Council for Cancer Surveillance was organized in 1995
to facilitate a collaborative approach among the invoived organiza-
tions and to ensure maximal efficiency (Swan et al. 1998). In contrast,
in many developing areas of the world, population-based surveillance
systems are not feasible (Parkin 1986), but surveillance in selected
institutions or laboratories may still be useful.

Surveillance for birth defects was first initiated in many parts of the
world in response to the thalidomide tragedy; registries were estab-
lished to provide reliable baseline rates for specific birth defects and to

detect increases in the prevalence of birth defects as a means of rapigj,
identifving human teratogens (Kallen er al. 1984; Holtzman ang
Khoury 1986). The CDC has conducted birth defects surveillance iy,
metropolitan Atlanta since 1967 by using multiple sources
ascertainment of all serious birth defects observed in stillborn ang
liveborn infants or recognized by signs and symptoms apparent in the
first year of life (Edmonds et al. 1981; CDC 1993). The birth defect,
registry system in metropolitan Atlanta has been a valuable resourc,
for monitoring rates of change of specific defects (Yen er al. 1992) ang
for conducting numerous genetic and epidemiological investigations
of risk factors for birth defects (Mulinare et al. 1988: Erickson 1993,
Moreover, the registry serves as a model for other state surveillance
systems (Lynberg and Edmonds 1992). A total of 38 states are
conducting or are planning birth defects surveillance activities
(Erickson 1997). In addition to monitoring birth defect rates and
serving as the basis for epidemiological studies, the data from these
state registries are used to evaluate the effectiveness of prevention
activities and to refer children for health services and early inter.
vention programmes (Edmonds 1997).

Internationally, approximately 30 countries are now conducting
birth defects surveillance and are members of international organiza-
tions such as the International Clearinghouse for Birth Defect.
Monitoring Systems (International Clearinghouse for Birth Defect
Monitoring Systems 1998) and, for Europe, the EuraCAT (Lechat and
Dolk 1993;. The International Clearinghouse, for example, conducts 3
spectrum of surveillance acti» 'ties that includes monitoring of selected
conditions (for example, several birth defects, Down’s syndrome,
muitiple congenital anomalies) and the exchange of ‘rumours’, cluster
information, and findings of still unpublished studies (Internationai
Clearinghouse for Birth Defects Monitoring Systems 1998). Addition-
ally, the Clearinghouse promotes collaborative epidemiological stu-
dies and the development of new surveillance programmes worldwide.

‘Health information systems

Surveillance systems often depend on existing health data collection
systems; these systems may be either integral to surveillance or serve as
an adjunct to surveillance for specific diseases or conditions. Lack of
accuracy and specificity in these existing data svstems remains a
concern, however, and most surveillance systems continue to need an
additional data collection system to meet the needs of specific
prevention and control programmes (Calle and Khoury 1991).

Data from medical claims records, death certificates, and other
existing databases may not contain enough information to define
public health priorities for reducing disease incidence. For example.
an increase in deaths from cirrhosis, not otherwise specified, may be
the result of an infectious agent, alcohol use, or other toxin. The
occurrence of bladder cancer may or may not be related to a particular
environmental exposure. These data are often most useful as an
adjunct to surveillance systems designed more specifically for preven-
tion and control programmes.

Vital records

Mortality statistics serve as the most accessible source of data for
comparisons of many health problems. In most developed countries,
registration of deaths is compulsory and largely complete. Records
include basic demographic information, the cause or causes of death,
and other descriptive information about the circumstances of death.
In other countries, registration may be conducted only in major cities,
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or not at all. Verbal autopsies may be used in areas without death
registration (Kaufman et al. 1997; Chandramohan et al. 1998).

In all countries, the accuracy and specificity of many diagnoses are
limited, and changes in the use of diagnostic categories and codes over
time, together with variation in the quality of information, are limiting
factors. For example, a study by the American National Cancer
Institute revealed that seven countries in Europe and North America
coded the underlying cause of death the same for only 53 per cent of a
sample of 1246 death certificates sent to these countries (Percy and
Dolman 1978). Despite these limitations, vital statistics, particularly
mortality statistics, are used to support many surveillance activities.

Example

Death certificates have been used in maternal mortality surveillance as
a source of data to demonstrate progress towards reduction in
maternal mortatity in association witn increased use of prenatal care
and other factors. Analyses of death certificates in the United States
have highlighted racial differences in mortality rates over time and
differences in maternal mortality rates for women aged greater than
35 years. Because maternal mortality rates are often based on number
of live births, this surveillance system also depends on birth certificate
information {Kaunitz er al. 1984).

There is frequently a lengthy interval between death and collection
and analysis of death certificates, which may make such vital statistics
less useful for surveillance purposes when more current data are
needed. However, summary vital data can be rapidly collected. For
example, weekly reporting of deaths from 121 American cities to CDC
has been integral to the surveillance of influenza epidemics in that
country (Choi and Thacker 1981). In addition, automated systems for
coding mortality information are both expanding and improving
internationally (CDC 19995).

Medical examiner and coroner reports

For a more detailed description of circumstances surrounding deaths
{including autupsy reports, toxicology studies, and police reports),
medical examiner and coroner records may be useful. In the United
States, these reports are most representative of deaths caused by
ntentional and unintentiona! iniurics and other unnatural causes.
Thewse records have been used for surveillance of such conditions as
heat-wave-related mortality, sudden unexplained death syndrome in
Southeast Asian refugees, and alcohol-related injuries (Jones et al.
1982; Berkelman et al. 1985; Parrish et al. 1987; Koo and Birkhead
1998). Systematic necropsy examinations have also been useful in
ascettaining the contribution of tuberculosis to mortality of HIV-
infected individuals in West Africa.

Medical care records

Hospital records and other medical care records may be a useful
source of information on diagnoses, surgical procedures, and patient
demographic characteristics. However, with increases in length and
complexity of the medical record, retrieval of information has often
been difficult and time-consuming. Although computerization of
Parts of these records has allowed their use for routine surveillance. a
maior limitation has often existed when identifiers are not recorded
because repeat admissions and discharges by individual patients
usually cannot be identified. .

Hospital discharge records have been useful for surveillance of
manv medical care technologies. such as trends in the use of

hysterectomies in the United States (particularly by geographical
region), in the rate of coronary artery bypass graft procedures by sex
and race, and in the assessment of outcome with carotid endarterecto-
mies (Sattin et al. 1983; Thacker and Berkeiman 1986; Caper 1987;
McBean and Gornick 1994). More recently, hospital discharge record
systems have been used as an alternative data source to evaluate
surveillance data sets.

Relying exclusively on measurements of mortality from death
certificates and morbidity from medical records can produce an
underestimate of the impact of many diseases or conditions, such as
malaria and arthritis, which may not result in contact with a
health-care provider. A more complete estimate of the impact of
disease has been attempted by including a measure of the loss of
healthy life resulting from disability (Murray and Lopez 1997).

insurance records and workers' compensation claims

Insurance records and workers’ compensation claims have been useful
for surveillance of injuries and illnesses in specific geographical
locales. Because regulations governing completion and submission of
forms differ both among and within juridictions, data derived from
these systems cannot easily be compared. In addition, the use of
medical claims data for surveillance may be limited by the accuracy of
diagnostic recording as well as the problem of comparing different
health systems (Pollack and Ringen 1992).

The severity of reported injury varies and is influenced by
regulations influencing eligibility for workers’ compensation, and
other legislation related to compensation and medical care, rehabili-
tation of those injured at work, and the degree of fear of job loss
resulting from absence from work. Data from these systems generaily
provide an underestimate of the actual incidence or prevaience of the
health condition under surveillance; the underestimate may be of a
considerable degree.

Example

In an evaluation of ¢laims for workers' compensation as an adjunct to
an occupational lcad surveillance system, the usefulness of claims was
demonstrated: the likclihood that o company had a case ot lead
poisoning strongly correlated with the number of claims against the
company (Seligman et al. 1986).

Surveys of health behaviour and doctor utilization

Household surveys of the general population, such as the National
Health Interview Survey conducted in the United States (http://
www.cdc.gov/nchs/nhis.htm) or the General Household Survey in
England and Wales (Fraser er al. 1978; Twigg 1999), have provided
information at the national level on personal health practices such as
alcohol use and smoking, disabilities, and doctor encounters. In the
People’s Republic of China, in addition to mandated information on
acute infectious conditions, sentinel sites, known as disease surveil-
lance points, are chosen through a statistical sample of provAfiefal
areas. These sites collect data on health events and medical encounters
for the entire population within their jurisdiction (Cheng 1992; Yang
1992).

Although naticnal estimates may be gained more efficiently from
such survevs, local programmes may benefit from involvement in data -
collection and the flexibility to adapt data collection to their particular
needs. Interview surveys conducted by telephone and in person can
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obtain personal health-related information with only minor differ-
ences in the reported prevalence of various health conditions between
the two techniques. In developed countries, where most residences
have telephones, telephone interviews have the advantages of lower
cost and ease of supervising interviewers (Siegel er al. 1991).

Hazard and exposure surveillance

In addition to surveillance of health outcomes, two other types of
surveillance are also used: hazard surveillance and exposure surveil-
lance. Hazard surveillance has been defined as the ‘assessment of the
occurrence of, distribution of, and the secular trends in levels of
hazards (toxic chemical agents, physical agents, biomechanical stres-
sors, as well as biological agents) responsible for disease and injury’
(Wegman 1992). Exposure surveillance is the monitoring of a
population for the presence of an agent or the clinically non-apparent
effects of an environmental hazard (for example, lead) or infectious
agent (for example, HIV) in people within 2 population (Weniger etal.
1991). These types of surveillance may be complementary. Indeed, the
optimal strategy for preventing or reducing the impact of a specific
public heaith problem sometimes dictates the use of all three types of
surveillance. For example. although hazard surveillance is an excellent
measure available to detect potential heaith threats and to provide
opportunities for primary prevention, exposure and outcome surveil-
lance may provide valuable information for the evaluation of the
effectiveness of hazard and exposure-reduction regulations.

Remote sensing and geographical information system technologies
are now being used as an adjunct to disease surveillance (Barinaga
1993; Washino and Wood 1994) (see below). A major goal of this
approach is the identification of environmental parameters that affect
the patterns of disease risk and transmission.

Example

In 1993 the southern Kerio Valley of Kenya experienced the first cases
of yellow fever ever recorded in that country. The virus had recently
infected the monkey population in the valley, and forest-dwelling
mosquitoes were passing the virus from monkeys to people entering
the forest. The human population in the area was vaccinated, but the
question remained as to whether the inhabitants of the nearby cities
also required vaccination. Satellite photographs are being used to
determine whether continuous forest corridors to any of the cities
exist through which the virus can travel from one monkey population
to another.

Analysis of surveillance data

The uses of public health data often derive from a simple analysis of
surveillance data according to the basic epidemiological parameters of
time, place, and person. Analysis of data over time can reveal trends in
disease or injury upon which public health actions or the need for such
actions may be evaluated.

The characteristics of the people or groups who develop specific
diseases or sustain specific injuries are important in understanding the
disease or injury, identifying those at high risk, and targeting
intervention efforts. For example, disparities in health (incidence or
severity of disease) among members of different population groups
highlight the need to identify cultural, economic, or social factors
associated with these health problems (Hahn and Stroup 1994).

When combined with appropriate population information, mor-
bidity or mortality rates can be calculated to compare risks of disease

and the magnitude of various health problems. Often rates are
examined in broad age groups that are selected to reflect the different
sets of conditions affecting mortality rates in each group (Doll 1974),
Proper analysis of surveillance data can also assist in determining
aetiology, setting priorities, determining modes of transmission, risk
factors associated with disease, and opportunities for prevention or
control, detecting epidemics, monitoring long-term trends, making
projections of future disease occurrence, and evaluating effectiveness
of interventions.

Typically, public health surveillance data are completed, summar-
ized, and reported over specified time intervals (for example weeks,
months, or years). Methods applicable to such time series data can be
used to separate true temporal trends in the underlying risk from the
random fluctuations, or ‘noise’. The surveillance data should be
plotted over the time during which they were collected. A clearer
picture of this possible trend and of meaningful short-term patterns in
these data are more evident if the random day-to-day variation in the
number of cases is reduced. Smoothing potentially highlights mean-
ingful patterns in collections of observed data by reducing the level of
random noise (Devine and Parrish 1998). More advanced methods for
analvsis of surveillance data by time includes autoregressive time series
techniques (Box and Jenkins 1976), generalized regression methods
(Zeger 1988; Singh and Roberts 1992}, and Bavesian modelling
(Stroup 2nd Thacker 1993). In addition, forecasts may be made by
using regression and time series analyses, for example as for the
surveillance of influenza (Fig. 1) (Serfling 1963; Choi and Thacker
1981; Lui and Kendal 1987; CDC 1999¢), or analyses may combine
information from several surveillance series (Newhouse et al. 1986;
Stroup et al 1938). In addition, modern methods (for example,

. Bayesian techniques) that incorporate information in addition to the
- data themselves, such as changes in a surveillance case definition or
surveillance information from contiguous data (Stroup and Thacker

1993), can be useful when applied to public health surveillance data.
* The approach to the prevention and control of disease and injury is
often determined by circumstances unique to ‘place’: the geographical
distribution of the disease or of its causative exposures or risk-
associated behaviour. The analysis of surveillance data by place has
long used dot density maps. As with analysis by time, smoothing
approaches can reduce the random noise in maps of surveillance data
(Fig. 2) (CDC 1996; Devine and Parrish 1998). Timely and pos-
itionally accurate spatial or georeferenced information, in a digital
format, is improving the ability to monitor disease occurrence, health
inequalities, environmental exposures, and related heaith risks, and
advance hypothesis generation about the associative causation of
disease aetiologies and outcomes (Richards er al. 1999}. For example,
from the American Bureau of the Census national digital street and
geographical boundary files, or Topologically Integrated Geographic
Encoding and Referencing (TIGER) system, epidemiologists can
translate or geocode street addresses into unique latitude and
longitude locations. These locations then can be examined with
computationally rigorous spatial statistical data analysis techniques
using geographical information systems. New and continually
expanding computational opportunities permit dynamic space-time
modelling of georeferenced data on the extent, structure, and
association of diseases and suspected covariates {(Anselin 1998).
Compared with traditional methods of mapping, geographical
information systems offers potentially substantive cost savings for
local disease surveillance and prevention activities. For example,
epidemiologists in local health departments have used geographical
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Fig. 1 Pneumonia and influenza mortality for 122 American cities. January 1995 to April 1999

(CDC 1999¢).

information systems to design automated early warning surveillance
systems for newborns with a known residential potential for elevated
exposures to nitrate-nitrogen in drinking water (Boria et al. 1999).
Other applications have resulted in identifying locations with elevated
risks of Lyme disease (Glass et al. 1995) and rodent bite and infestation
(Childs er al. 1998).

Epidemic detection and cluster analysis

Many epidemics are detected by astute health-care providers who note
or suspect an increase in disease occurrence often before disease
reports are received, assembled. and reviewed by health departments.

s
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The ongoing surveillance process between health practitioners and
health departments increases the likelihood that providers will contact
the health department when they suspect an outbreak or any unusual
occurrence of disease.

Surveillahce is most likely to detect epidemics in situations where
cases, despite their aetiological link, are occurring over a wide
geographic area (Cliff er al. 1992), over a relatively gradual period
(Nobre and Stroup 1994), or among a well-defined subgroup with
links among cases (for example, epidemiological links or similar
molecular patterns of isoiates) that would not be apparent to
individual practitioners.

Fig. 2 Smoothed age-specific death rates (per 100 000 population) for age 70, colorectal cancer. white
females from death certificates 1988 to 1992 and population data for 1990 (CDC 1996).

77
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For example, laboratorv-based surveillance of Salmonella serotypes
has identified outbreaks in which unusual serotypes and/or antim-
icrobial patterns identify an outbreak of diarrhoeal disease that might
otherwise have gone undetected, such as the outbreak of drug-
resistant Salmonella newport in a large geographical area of the United
States, which originated from animals fed antimicrobial agents
(Holmberg et al. 1984). In addition, a computer algorithm based on
application of cumulative sums has been developed to identify
outbreaks of Salmonella (Hutwagner et al. 1997).

In another example, age-adjusted oesophageal cancer mortality
rates in white men and women in the United States have remained
fairly steady during the period between 1950 and 1980 but nearly
doubled for African-Americans during the same period. Oesophageal
cancer has gradually become one of the most common malignancies in
African-American men aged below 55 vears, while still a relatively rare
cancer in white men of a similar age (Blot and Fraumeni 1987).

A frequent concern of the analysis of surveiliance data is whether an
apparent cluster of health events in time is significant and unlikely to
have occurred by chance alone. Although the application of cluster
detection methods is growing (CDC 1990), many of these methods
require further examination and their use in surveillance remains
controversial (Hutwagner et al. 1997; Devine and Parrish 1998). Most
of these methods involve a comparison of observed incidence with a
historical baseline and may involve clustering in time (Wallenstein

1980; Gallus ef al. 1986; Stroup et al. 1993), clustering in space (Cliff

and Ord 1981), or clustering in both time and space {Klauber 1973),
with the availability of statistical software aiding spatial and other
analyses (Dean 1991; Biomedware 1994). For example, a computer
algorithm based on application of cumulative sums has been

developed and used to identify outbreaks of Salmonella. These
methods of cluster detection may be most helpful when used as an’

exploratory analysis to advise more intensive investigations (Besag
and Newell 1991).

Statistical limitations of surveillance data

Surveillance data have traditionally had specific characteristics that
have made application of standard statistical techniques difficult.
Firstly, reporting bias may produce data that are not representative of
the population. For example, severe or otherwise noteworthy cases are
more likely to be reported than minor illnesses. Rubeila in a woman of
child-bearing age is more likely to be reported than rubella in a man,
and a patient in some clinics may be more likely to be reported than
patients seen in other settings, particularly if the disease is socially
stigmatizing. Health-care provider networks may have a biased sample
of doctors (Lobet et al. 1987).

Secondly, under-reporting may be considerable, particularly in a
voluntary svstem of notification. When another indcpendent source
of data is available (for example, hospital discharge, vitai statistics), the
total number of cases actually occurring can be estimated (Chandra-
Sekar and Deming 1949; Cormack 1963) to determine, for example,
the sensitivity of two systems for detecting vaccine-preventable
diseases (Orenstein et al. 1986). In addition, specific information for
each case may be incompletely reported (Buehler et al. 1989).

Provisional data increase the timeliness and hence may increase the
usefulness of public health surveillance data to epidemiologists;
however, provisional data may differ markedly from final data that
have been confirmed. To enhance the usefulness of provisional data
for recent periods, epidemiologists may compare these data retrospec-

tivelv with confirmed data to estimate what fAinal data for recent
periods will eventually reveal (Thacker ¢t al. 1989). A model can
incorporate this consistent under-reporting to permit more accurate
estimation of the final data from provisional data. In addition. when
provisional data are used to examinc temporal trends, curren
provisional data should be compared with historical provisional data
rather than with final data to avoid bias.

Role of surveillance data in evaluation of community
interventions

The ease with which trends in disease occurrence can be linked to
interventions depends on both the disease and the intervention. The
success of an immunization campaign can usually be easily inferred
from surveillance data; however, such inferences become difficuir
when several factors contribute to a change in disease occurrence.
Analyses are also difficult because of constraints such as migration and
variable acceptance of interventions in the community. Programme
evaluation may be improved by monitoring risk factors as well as
various stages of morbidity. In addition, combining data from several
communities with similar public health programmes will strengthen
the assessment of programme cffectivensss.

Aathematical models can be used to clucidate the complexities of
evaluating community interventions { Stroup and Teutsch 1998). Such
models have been used most extensivelv for infectious diseases.
However, models for predicting the decline of mortality rates given
changes in risk factors have also been developed for mortality due o
cirrhosis using population changes in levels of consumption of alcohol
(Skog 1984), for cardiovascular disease using changes in cigarette
consumption in a population (Kullback and Cornfield 1976}, and for
blood lead levels given changes in legislation banning lead from petrol
(Annest et al. 1983).

Linkage of surveillance data to other information sources

Given the complexity of establishing new data and information
systems, there is increasing interest in the combination of existing
databases for surveillance purposes. Linkage of datasets has facilitated
calculation of rates, such as birthweight-specific death rates that can be
calculated following linkage of birth and death certificates (McCarthy
etal. 1980). In some countries, a unique number may be assigned to ar
individual at birth to serve as a reference number for any contact with
health-care services (Paterson 1988). In other countries, a number
may be assigned only for use at a single health-care facility or hospital.
Techniques involved in data linkage are often complex and are based
on matching records by comparison of key data fields (Newcombe
1988). When record systems are linked, the probability that the record
linkage is correct must be determined, with the degree of certainty of a
correct linkage depending on the comparisons of the individual
identifiers such as name or initials, date or year of birth, sex, and
race/ethnicity, and address. These methods of probabilistic record
linkage are more likely than phonetic coding systems to identify
people already reported though thev often require a decision to be
made on the part of the system operator as to whether the reported
matches are valid. If all identifiers match exactly, the degree of
assurance that the linkage is correct is high. The existence of few
similarities argues against a correct linkage. Any linked set will
normally contain a small number of pairs that should not have been
linked and, conversely, will have missed a few pairs that should have
been linked. An advantage of probabilistic data matching is that
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records may frequently be linked even when parts of the identifving
information are either incomplete, miscoded, or mispelied.

Dissemination of data

Communication of surveillance data is an essential step in the
surveillance chain. The purpose of the communication and the
audience targeted must be defined. Appropriate feedback must be
given to those providing the data to demonstrate their usefulness and
to stimulate further reporting. People providing the data should be
credited for their contributions and acknowledged for their provision
of accurate and complete data. Public health professionals, policy-
mabkers, or others who may be responsible for taking action or setting
the direction of public health programmes in response to surveillance
data must receive the information that they need from the surveillance
svstem on a timelyv basis and in an appropriate format for their use.
Web sites are increasingly used by agencies collecting surveillance data
as with the CDC's Morbidity and Mortality Weekly Report
(www.cdc.gov/MMWR) and the WHO's Weekiy Epidemiological
Record (www.who.int/wer).

The data must be provided on a regular basis, with the frequency of
surveillance reports dependent on the nature of the surveillance
system, the characteristics of the disease process (for example,
surveillance reports on measles are required more frequently than
reports on cancer), and the public health impact of the disease. For
diseases and other health events requiring major policy decisions (for
example removal of lead paint from older homes), it may be useful to
provide frequent updates to remind policy-makers of the potential for
prevention. In generai, reports need not be issued at more frequent
intervals than the data are collected from reporting sites. Provisional
data should be accepted for dissemination, since rapid turn-around of
data is usually more important than absolute accuracy and complete-
ness; rarelv have provisional data driven major public health decisions
in directions different from those that would have been based on final
data.

The format for disseminaiion varies with the iarget audience, but
in anv case, the design of the communications should be as creative as
possible without losing essential information. A creative design will
Pl o makie the inforniation stand apart from other documents and

receive greater attention. Most policv-mahers and dinicians would
prefer to-see the data interpreted using graphics accompanied by an
abbreviated summary text; in particular, kev decision-makers need
simple easily understood graphics. The important role that graphs can
plav in visually decoding large quantities of data has been clearly
demonstrated, with graphic displavs giving the reader an understand-
ing of large and complex datasets not conveved easily in other ways
‘Tukev 1977; Tufte 1983; Pommerenke et al. 1994; Cleveland 1985;
Dean ¢r al. 19981, Computer graphics, in particular, have made the
results of data analysis far more useful to private and public
policv-makers in their planning and management of health-care
resources. However. many epidemiologists and other scientists,
including mathematicians proiecting the future course of diseases.
find the more detailed raw data in tabular format or on electronic
media most useful. Comparison with previous vears or previous
periods i for example, experience of the last 12 months compared with
expenience of the previous 12 monthsy is often helptul.

Maps are usetul in providing rapid insight into the geographical
Oucurrence of diseases. and there is strong interest in computer

ey

mapping and graphic displays. Mapping both absolute counts of
disease occurrence and rates of disease for more common conditions
may be considered, particularly when geographical areas are quite

~variable in their population density.

Evaluation of surveillance systems

Surveillance systems should be periodically evaluated to ensure that
important public health problems are under surveillance and that
useful information for disease prevention and control is collected. An
evaluation of a surveillance system should include a review of its
objectives, a detailed description of its operation, an assessment of its
performance, and recommendations (CDC 1988; Teutsch and Chur-
chill 1994).

The performance of surveillance systems can be judged by using a
series of attributes, including sensitivity, timeliness, representa-
tiveness, positive predictive value, acceptability, flexibility, simplicity,
and costs. The importance of individual attributes will vary among
systems, and efforts to improve on a system’s performance on one
antribute may compete with efforts to improve its performance on
another. Thus the evaluation of surveillance systems should not focus
solely on the extent to which each attribute is achieved but rather on
the attainment of the appropriate balance of attributes. The ultimate
impact of improvements in surveillance should be assessed in terms of
improvements in health (Thacker et al. 1986).

Sensitivity

The sensitivity of a surveillance system can be judged by its
completeness of case reporting. If all people with the condition under
surveillance in the target population are detected by a surveillance
svstem, then its sensitivity is 100 per cent. Sensitivity of surveillance
systems can be measured by comparing routinely collected case
reports with data obtained by special case-finding methods. For
example, the sensitivity of AIDS surveillance has been assessed
through detailed review of death certificates and various hospital
records, such as laboratory data, patient log-books, and computerized
discharge diagnoses (Chamberland e al. 1985; Rosenblum et al. 1992).

Timeliness

Timeliness refers.to the entire surveillance ¢vele, ranging from how
quickly cases are reported to the distribution of surveillance reports.
The assessment of timeliness is dependent on the condition (for
example, the assesment of timeliness would be quite different for
meningitis than for cancer). Electronic communication has the
capacity to improve timeliness significantly.

Representativeness

Representativeness is a measure of how well reported cases in a
population reflect all cases that actually occurred in the population.
This comparison often requires independent surveillance, which
ascertains as many cases as possible in the population for a given time
period (Klaucke 1994). Surveillance reporting is rarely complete, and
cases that are reported may differ from unreported cases in terms of
demographic characteristics, site or use of health-care services, or risk
exposures (Alter ¢t al. 1987 ). Representativeness of surveillance data is
also affected by the quality of descriptive data that accompany case
reports. Incomplete or incorrect data on surveillance forms limit
representativeness.
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Positive predictive value

People with reported cases of disease may not actually have the disease
in question. This may reflect incorrect diagnoses (false positives), a
lack of specificity in the case definition, or errors in the interpretation
of the case definition. If all people reported as cases had the disease in
question, then the positive predictive value would be 100 per cent.
Positive predictive value depends both on the specificity of diagnostic
tests and the case definition and on the prevalence of the condition
under surveillance. Evaluation of the positive predictive value is
difficult and requires a careful review of cases detected through
routine methods. For example, hospital-based stroke surveillance
based on readily available admission diagnoses was found to include a
substantial proportion of people without cerebrovascular disease
when more stringent diagnostic criteria were applied (Barker er al.
1984).

The concept of positive predictive value can be extended to the
detection of epidemics in a surveillance system. If change in disease
occurrence is used as an indicator to trigger investigations, then a high
frequency of ‘false alarms’ would indicate a low predictive value for
epidemic detection.

Acceptability

Surveillance systems depend on the co-operation of many people over
a long period. If procedures are easy to follow and usetul information
is returned to participants, then acceptability is likely 1o remain high.
Other factors, including protection of confidentiality of individual
cases, may also be critical to the acceptability of surveillance systems.

Flexibility

The circumstances under which surveiliance systems operate are
subject to change, ranging from logistical constraints to information
needs; surveillance systems should have sufficient flexibility to
accommodate these changes. For example, surveillance for AIDS has
been ongoing during a period of rapid evolution in the understanding
of the disease, during the introduction of a diagnostic test for HIV
infection, and during changing diagnostic and treatment practices as a
once rare disease has become more common. Survéillance for AIDS
has been flexible as demonstrated by revisions to the case definition in
the 1980s and early 1990s (CDC 1992¢).

Simplicity
Simplicity is desirable throughout the entire cycle in surveillance

systems and is closely tied to other attributes such as acceptability,
flexibility, and costs.

Costs

Surveillance systems incur costs in time, equipment, and supplies,
which mav be difficult to judge relative to their public health value.
Evaluation of the costs and benefits of aggressive versus less aggressive
case-finding methods in surveillance of selected notifiable diseases has
yielded different conclusions that vary according to specific local
circumstances (Hinds e al. 1985; Vogt et al. 1986). A description of the
time requirements and costs of a surveillance system is useful for its
evaluation (Hinds et al. 1985; Vogt et al. 1986; Stroobant er al. 1988;
Morris et al. 1996).

The evaluation of a surveillance sysiem should conclude with an
assessment of its structure and usefulness, considering its mix of
attributes in relation to its objectives. Recommendations should state

whether the system should be continued and what specific changes, if
any, shouid be made.

Conclusion

Public health surveillance has historically galvanized prevention and
control programmes ranging from smallpox eradication and immuni-
zation campaigns for childhood diseases to programmes to prevent
HIV infection and AIDS. Surveillance has also taken on increased
visibility and importance in evaluating and directing prevention and
control efforts for non-infectious diseases and conditions. Surveil-
lance systems represent information loops, with data flowing from
local to central agencies and back. Surveillance provides a stimulus to
keep prevention and control activities moving rapidly and in the right
direction, guiding the response to individual cases as well as public
policy.

Effective public health interventions depend upon a continuing
and reliable source of information. The data must be timely and
representative of the population; they must be analvsed and inter-
preted with feedback to the reporters and dissemination to those
tormulating and implementing public health policy. Resources
necessary for the maintenance of the surveillance systems and for their
regular evaluation should be allocated. balancing needs for data to
direct prevention activities with needs for resources to implement
those activities.
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