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Statistical principles of monitoring
and surveillance in public health s. LwANGA(Chairman)1

Monitoring and surveillance are seen as statisticalprocedures that will help health
authorities to achieve better health services with the existing resources-monitoring
being an integrated system of making observations on health and environmental
factors and ofscrutinizing, storing, and retrieving those data, and surveillance being
a closely associated system for collating and interpreting the data.

Monitoring should be an action oriented activity and may encompass a wide
range ofhealth activities, for example, communicable and noncommunicable diseases,
environmental pollutants, and specific problems in health care delivery systems.
Both monitoring and surveillance systems have to be related to control measures,
and, since the available resources are usually limited, a scale ofpriorities has to be
developed by the statistician in cooperation with the competent authorities.

Monitoring may be performed on either the individual or aggregate level and
should be planned to take into account the course of the disease under consideration:
it is concerned with monitoring stimuli and events. Collection of data, for example,
on exposure to a pollutant, may be continuous and automatically recorded, or regular
or irregular through population sampling or registries. The statistical requirements
ofmonitoring and surveillance systems are discussed and a checklist offeatures to be
considered is given in an annex.

During the past several years, there has been increasing awareness of the need for better
health services and this need is being met by governments and other agencies by the provision
of curative, preventive, promotive, and rehabilitative health services to the extent that
resources are available. Much more could be achieved in certain countries with existing
resources if they were always devoted to those health problems that deserve priority and if
they were applied in such a manner as to yield maximal social benefit for the investment.
It is in this context that monitoring and surveillance systems have the greatest relevance
and are most useful.

THE CONCEPT OF MONITORING AND SURVEILLANCE IN PUBLIC HEALTH

Monitoring and surveillance have become fashionable words, and their meanings
appear to be quite different in different contexts. They are sometimes used synonymously
but this causes confusion. In this article the following definitions are used:

Monitoring is an integrated system of making observations on health and environ-
mental factors, and of scrutinizing, storing, and retrieving these data for specified
purposes of protecting and improving human health.

* A French translation of this article will appear in a later issue of the Bulletin.
1 This article is based on the report of a WHO meeting held in Geneva, in November 1977, of which Professor

S. Lwanga was Chairman. Reprints of the article or copies of the full report (HSM/MS/77.11) may be obtained
on request to Chief, Health Statistical Methodology, World Health Organization, 1211 Geneva 27, Switzerland.
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- Health surveillance is the closely associated system of collating and interpreting data
collected from monitoring programmes (and from any other relevant sources),
with a view to the detection and evaluation of health problems on which remedial
action can be based.

In addition, monitoring may in many situations be a valuable tool for the epidemiologist
in his endeavours to relate exposure to response in order to elucidate the causes of wide
spread diseases or changes in the total disease and mortality patterns. In regard to vital
statistics such as births and mortality, monitoring is already established in all developed
and in many developing countries throughout the world, but two-thirds of the world's
population still lack adequate birth and death registration. Communicable diseases are
subject to surveillance, with the object of alerting public health authorities, even at the stage
of suspicion, to take preventive action. Although highly developed computerized systems
have been designed to provide the quickest possible warning, simpler systems can be devised
to suit the needs and capabilities of the country.

Monitoring systems are nonexistent, or only in the process of formation, in many devel-
oping countries, and it must be recognized that it may be many years before what is
practicable in developed countries can be implemented everywhere, at the same technological
level. The timetable, of course, will depend on the stage of development and available
resources.

Monitoring should be an action-oriented activity and specifically directed to potential
health hazards, and further it should form a part of an integrated health information
system. A wide range of health activities may be included in a monitoring system-for
example: communicable and noncommunicable diseases, environmental pollutants, and
specific problems in health care delivery systems. The monitoring system should be specific
and sensitive enough for signal detection. The information generated should lend itself
to interpretation by competent personnel involved in the decision-making process.

Health authorities should carry the ultimate responsibility for monitoring. However,
in view of the fact that many monitoring activities, although related to the health sector,
are being dealt with by other authorities, there should be effective coordination between
the health authorities and other integrated governmental functions. For this purpose it may
be necessary to establish procedures within the government to ensure appropriate coordina-
tion of health related activities. Communication between health agencies and policy makers
is yet another important element in making monitoring a successful operation.

Governmental authorities do not always readily appreciate the importance of monitoring
and surveillance. There is, therefore, an urgent need for creating awareness of this aspect
not only at the highest decision-making levels, but also at various echelons of health
administration. There is also a need for a strong component of education and training with
respect to monitoring and surveillance, and the methodology should be incorporated in the
curriculum for medical as well as paramedical students and workers.

CRITICAL COMPONENTS IN MONITORING AND SURVEILLANCE SYSTEMS

Introductory remarks

Although monitoring and surveillance are useful tools for evaluating the efficiency
of health care delivery, this article is concerned in particular with the monitoring and surveil-
lance of exposure factors and the health status of populations. Ideally, health status will
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include aspects of wellbeing, as well as aspects of ill health. Also, it is understood that
environmental and other factors that may be related to health are included in the context of
the phenomena to be observed.

An important issue is to distinguish broadly between programmes designed to supply
information on which public health interventions may be based and those designed primarily
to support epidemiological research studies. The emphasis here is on the former.

Monitoring and surveillance systems have to be related to control measures. Since
the available resources are usually rather limited-especially in the developing world-a
scale of priorities has to be prepared. In every case the priorities must be set in cooperation
with the relevant authorities; such specification is not the sole prerogative of technical
specialists in such fields as biometrics and epidemiology. The priorities will vary from
country to country, and even within the same nation, as not all the regions will share the
same problems owing to the different risks involved and the distribution of the diseases
under consideration. Another factor that must be taken into account at the country level is
the multiplicity of institutions dealing with health problems. Often these institutions do
not share the same priorities. Many of the problems that the monitoring and surveillance
programmes face are more closely linked with managerial and political decisions than
technical considerations.

When implementing monitoring systems in developing countries, special attention should
be given to the extreme difficulties in selecting groups, since the population denominators
available may be of only limited reliability.

It is particularly important that the interrelation between exposures and health effects
in target groups be recognized. There is a general need for a homogeneous and coordinated
approach to monitoring and surveillance programmes that link such data bases. Special
attention needs to be directed to the conformity of these data bases in terms of their spatial
and temporal characteristics in the light of the action programmes under consideration.

In the case of each component of a monitoring and surveillance system different levels of
sophistication are available. Alternatives should be evaluated in terms of the several
resource constraints, including the availability of skilled and unskilled personnel, equipment,
and finance (which may include foreign exchange considerations). Emphasis must be placed
on the selection of appropriate technologies with a coordination of the characteristics of the
selected components.

Selection of subject (specification of target groups)
Deriving from the adopted definition of a monitoring system as an information process

concerning the health status of a population and the environment, the ideal approach
would be to include in this system each individual of the observed population. Taking into
consideration the constraints on available resources and the practical needs of different
groups of the population, monitoring may also be performed on the aggregate level.

In the first case, a battery of data is recorded for each individual, for example, by
personalized samplers for ionizing radiation or chemicals, by questionnaire responses in
regard to socioeconomic and habitual factors (particular attention is directed to those
socioeconomic and habitual factors that are clearly related to overt disease, such as deficient
nutrition, crowding, smoking, and drug or alcohol abuse), or by medical examinations,
including objective tests. In the second case, the data represent conditions within a city,
a district, or a country, and express averages or distributions of monitored dose and host
factors and prevalences or incidences of response data.
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The selection of target groups and the continuity of the monitoring process should take
into account the course of the disease. When the disease pattern is not changing rapidly the
best method of monitoring is probably to survey the population from time to time. The
selected frequency should be based also upon the specific pattern of the disease (for example,
in the case chronic diseases). When the disease situation is changing rapidly (e.g., diseases
with short incubation or transmission periods), the monitoring process should be more-or-
less continuous (i.e., the interval between one measurement and the next may vary from
hours to a few days).

In a noncontinuous monitoring programme, the sampling strategy should take into
account the natural history and distribution of the particular disease to be monitored,
including population, geographical, and time factors. When the choice is continuous
monitoring, the best approach is to select the groups according to the risk of exposure and
the density of the population.

Target groups for monitoring are primarily those groups at high risk. However, popu-
lation groups that are not known to be specifically exposed could also be monitored,
particularly in relation to certain health problems that are still under study, such as potential
occupational and environmental hazards. Such data may serve the purpose of a control
group and may be useful for determining the order and magnitude of risk in the population
at large.

Monitoring stimuli

Environmental or other dose factors to which individuals and groups within the popula-
tion are exposed may be regarded as exposures that have either good or bad effects on health
status. In a sense these exposures are doses that lead to responses in the receptors. This
concept is quite commonly used in connexion with the impact of exposures to drugs and
to pollutants in air, water, and food. Biological exposures, as in infectious diseases, can be
easily regarded in the same context.

Among the characteristics of exposures that must be considered are the intensity of the
exposure (e.g., concentration), the duration of the exposure (e.g., the averaging time),
and the frequency of exposure at specific intensities and durations.

For etiological research, it would be ideal to monitor the individual's total exposure
pattern, taking into account not only his exposure to physical, chemical, or biological
agents and their vehicles or vectors, but also the general conditions of his surroundings, such
as microclimate, crowding, and housing. It is usually of special importance to consider also
the conditions of the individual's working environment. In the ideal situation such host
factors as immunity, nutritional status, special susceptibility owing to pregnancy, or to
young or old age, as well as personal habits and way of living, such as abuse of drugs,
alcohol and tobacco, should be taken into consideration.

In most practical situations a compromise programme has to be accepted. For example,
most personal monitoring devices, such as those used for estimating ionizing radiation, are
cumulative in nature, integrating over the pattern of exposure, so that the details of the
temporal pattern of exposure may be obscured.

Typically, a rather small number of sampling locations must be selected and inevitably
these are operated for periods of limited duration. The specification of sampling location
and intervals is difficult because little information is usually available concerning how well
they represent the exposure of the target groups.
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Monitoring events

Health effects may be operationally reflected in a series of health indicators. Among
these, vital events such as different measures of fertility, morbidity, and mortality, particu-
larly infant mortality, seem to be the most widely available, even in developing countries.
To be meaningful such measures in most cases have to be expressed as rates, which pre-
supposes knowledge of population size (the denominator), preferably distributed by socio-
economic factors, sex, and age. Proportional mortality, i.e., the relative distribution
of different causes of death, may provide sensitive measures in the absence of exact knowl-
edge of the size and structural distributions of a population, provided that these parameters
can be assumed to be reasonably stable. Also, in the absence ofexact measures ofpopulation,
trend analysis may sometimes be applied to incidence data.

With few exceptions, of which communicable disease is the most important, morbidity
data are seldom available on a nationwide scale. Other exceptions are cancers, malforma-
tions, adverse effects of drugs, and a few other entities, which in some countries are recorded
in special registries with more-or-less complete coverage. Systematic monitoring of more
sophisticated health indicators may also be practical in the case of specific population groups,
for example, occupational groups exposed to particular hazards or situations.

In some countries, of course, the health statistics services do register morbidity. However,
such data may have important limitations. The data represent only manifested and registered
morbidity. In developing countries especially, such data may be biased owing to incomplete
coverage of the health services. Also the comparability of validity of the data from several
sources may be questionable, since diagnostic criteria may vary considerably at different
levels of the medical service.

A number of these disadvantages in the use of registered data can be overcome by
conducting special investigations (e.g., interview surveys, combined interview, screening, and
medical studies, mostly in a cross-sectional approach). The advantage of this method is
the fact that the same procedure can be applied in many countries, even in those which do
not have a developed health statistical service.

The selection of health data for monitoring is dependent not only on their availability
but also on how easily they are accessible. In a computerized society, accessibility may seem
to be good but can often be restricted by legislation aimed at protecting the privacy of the
individual. In developing countries, data may be locally available in diaries or other
manually kept registries, but scrutiny of these may not be possible for cost and time reasons.

Data collection, recording, and processing

Monitoring of exposure in the general environment is most often performed by technical
devices designed for measuring purposes and installed at critical points in polluted areas.
The area to be covered and the optimum number of stations in a network, as well as the
measuring frequency and duration, is a sampling problem and should, for long-term moni-
toring programmes, be based on a priori knowledge of the variation of the substance being
monitored.

Measurement may be continuous and automatically recorded, or it may be intermittent
and furnish integrated mean values for intervals of minutes, hours, or days. The duration of
the measurement time should be designed on the basis of dose-response criteria if such are
known. Peak values of short duration but with severe medical consequences may escape
detection if the monitored mean values are based on integration over too long a time.
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In occupational exposures, continuous monitoring may be designed to trigger alarm
signals. Personalized samplers can be used, for example, for monitoring exposure to
ionizing radiation. It should be mentioned that individual exposure can also be monitored
on biological materials such as body fluids or tissues.

In any case, the automatic collection and recording of data are preferred. When and
where, for various reasons, the application of such an approach is impossible, data may
be collected by " routine " methods and technology.

In regard to health effects the data collection procedures are manifold. Recording of
vital events such as births and deaths is usually the responsibility of the authorities, while
regular health surveys on a sampling basis are performed in some countries as government
programmes, and in some others upon the initiative of research agencies.

The situation is not the same with morbidity data. In most countries data for total
morbidity do not exist, but in many countries, statistical information does exist for
different aspects of morbidity. Examples are the data that are collected for cancer and
for communicable, mental, and other diseases. Registries of this kind are usually based
on individual records delivered to a central agency by medical or paramedical personnel in
general practice, outpatient departments, or hospitals. In addition, on an irregular basis,
data for morbidity come to health authorities from specially designed research studies,
as well as from some international studies conducted, for example by WHO (cancer and
cardiovascular diseases).

The level of ascertainment may vary, depending not only on the cooperation of the
physician, but also on the structure of the medical care system. Availability and accessibility
of hospitals and doctors, as well as the personal costs involved, may also influence the level
of ascertainment. In some countries, health insurance institutions keep records of their
policyholders, but the membership is certainly not random. Specially designed health control
plans often suffer from a low rate of participation.

To avoid some of the above mentioned disadvantages other approaches are applied
in some countries, such as a combined method for surveying the morbidity of the population
and studying its health demands. For example, during 1969 and 1970 a survey was carried
out to investigate the prevalent diseases and the medical care needs of the population of the
People's Republic of Bulgaria. The morbidity was registered on the basis of data already
existing in medical documentation. This information was complemented by data received
from a monthly interview survey conducted by nurses, as well as by data from a mass-

screening of a sample of the observed population.
Health survey programmes on a sampling basis may be one way to get an overview of

the health situation but have the disadvantage of being restricted to singular points in time
and thus hardly part of an alert system. The question of lay reporting can be considered in
areas where medical personnel are not available. The level of ascertainment may be low
but the procedure may at least provide a warning in the case of major events such as

epidemics or widespread poisonings. Monitoring data of this kind should, with the shortest
possible time lag, be delivered to a local surveillance centre that can take immediate action
if needed.

Data collection is a very important part of a monitoring system, and a great deal of
attention has to be paid to it when such a system is designed and implemented. Great
problems and a variety of errors usually occur when collecting many sets of data both for
exposures and health effects. Designs using simpler but at the same time more effective
indices, have to be chosen, if at all possible. Sophisticated methods of checking or controlling
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the input information have to be foreseen at all levels of data processing. In addition,
methods of recreating data which may be lost during data processing have to be established
and recommended for the practical work.

In a monitoring system to be performed on the individual level, it is most important in
data processing to establish data linkage. In the establishment of data linkage of personalized
information, each person must be allocated an identification code number. Such code
numbers exist on a countrywide scale in a few developed countries. Data linkage is relatively
easy to establish in a computerized society, but in developing countries with few computing
centres, other procedures, such as hand sorting of punched cards may be employed.

As the ability to handle data and retrieve information on individual subjects increases,
consideration must be given to issues of confidentiality, and appropriate safeguards should
be introduced.

Dissemination and utilization of data output

The data provided by the monitoring and surveillance process should provide the
necessary technical information required by the decision makers, not only as regards prevail-
ing conditions, but also concerning possible changes in the disease panorama or in the distri-
bution of causative factors. The data also provide indications about the need for additional
research in order to improve the basis on which public health interventions are determined.
Advanced surveillance systems may be of particular value in etiological research, to the
extent that concurrent exposure and effect data can be linked. Monitoring can also be very
useful in planning directed studies on a sampling basis. The monitoring and surveillance
system should also provide the information required to evaluate the likely outcomes of the
different implemented control programmes.

In order to facilitate the surveillance and control activities, simple display devices
should be provided, particularly at the local level.

STATISTICAL CONSIDERATIONS

In establishing a monitoring and surveillance system close collaboration with an ex-
perienced statistician is essential. The needs are:

(i) to ensure that the data collected are relevant to the objectives and of the highest
quality compatible with practicability;

(ii) to provide for the smooth and timely flow of information within the system;

(iii) to plan and execute the analysis and interpretation of the data;

(iv) to produce the quantitative summaries (graphical and numerical) that will facilitate
the decision and alerting processes.

Good monitoring will involve many well established statistical techniques, some of
which have not yet been exploited for such purposes. It seems likely that the currently
available knowledge on sampling techniques, decision theory, etc. should be adequate to deal
with monitoring and surveillance problems. What is, however, essential is the identification
of areas in these fields of statistical development that would be relevant to the practical
problems of monitoring. It would be helpful if the theory could be illustrated by practical
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applications specifically relating to monitoring and surveillance. The techniques required in
any instance will depend upon:

(i) the objectives of the monitor;
(ii) the resulting data collection requirements;
(iii) the administrative and social structure of the community in which the monitor is

operating;
(iv) the human and technological resources available;
(v) the relative priority of the objectives, especially in relation to the financial resources

available.

These factors will vary widely from one monitor to another, and in general they will be
more important than broad classification of countries. Nevertheless, some statistical con-
siderations will require special emphasis in developing countries, for example, because lack
of basic population information affects sampling plans or because sophisticated recording
and computing facilities cannot be provided. Further, as the accent is on rapidity ofreporting
and processing of information, the reporting and recording procedures should be simple
and easy to execute. A feedback of information to the primary level of reporting would
generate enthusiasm and dedication at this level for accurate and prompt reporting.

Attention is drawn to the checklist given in Annex 1. This indicates some of the most
important topics on which a cooperative dialogue between statisticians and others concerned
with health monitoring must take place before and during the operation of such a system.
The relative importance of topics and their logical order will depend upon the particular
applications. This outline does not claim to be complete, or even to correspond exactly to the
needs of any one application. However, statisticians should be prepared to cooperate
with the appropriate health authorities in fields where practical experience is still small.
Such collaboration should lead to a deeper understanding of principles, to such an extent
that during the first few trials the statisticians may probably learn just as much from
cooperation as those who consult them. Above all else, the statisticians will need to avoid
excessive theoretical and mathematical originality, but instead keep their eyes and minds
directed towards very practical objectives.

Annex 1

A CHECKLIST OF STATISTICAL CONSIDERATIONS

Planning

A. Objectives (e.g., incidence, trend, control; communicable disease, water pollution, food con-
tamination).

B. Existence of relevant data (e.g., from other monitors, ministries, or countries).
C. Target populations (e.g., river system, country, region).
D. Unit of recording (e.g., person, river, factory).
E. Sampling scheme (e.g., stratification, frequency, resource constraints).
F. Variables to be measured (minimum consistent with objectives; care should be taken not to

collect variables simply because they are easy to record; too many variables can clog the system,
especially in the context of a developing country where lack of facilities may become a factor).
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G. Methods of determination (e.g. verbal report, direct measurement, chemical, management).
H. Administrative considerations (e.g. personnel, equipment, finance, management).

I. Plan of analysis (how, where and by whom will the data be handled; statisticians need to pay
special attention to what is practicable in a developing country).

Implementation

A. Staffing (possibility of existing staff meeting all requirements; if new staff must be recruited,
consider in what categories, how many, and with what qualifications; especially in a developing
country it is important not to assign to existing staff new duties that seriously interfere with their
primary functions).

B. Training or instruction (consider whether special training is necessary and if simple written
instructions are adequate).

C. Reporters (consider whether those who record and report will be staff of the monitor system,
staff of other official agencies, members of particular professions, or the general public; consider
further whether reporting should be a legal requirement of a voluntary service; consider the
implications for data collection, analysis, and use of the information.

D. Mechanisms of data recording
1. Design of forms (content and layout)
2. Number of copies (circulation and security from loss)
3. How copied (e.g., carbon, manual, photocopy)
4. Medium (paper forms, mark-sensed, tape)
5. Automatic sensing device (e.g., continuously operating analytical equipment, carry-on

samplers, satellite).
E. Lines of data transmission (speed and accuracy should be considered, especially where quick

action is required; e.g., mail, telex, radio).
F. Availability of supplies (stationery and other supplies must be available via an effective distribu-

tion system).

Data collection

A. Quality control (e.g., spot checks of recording accuracy, calibration of equipment, and consist-
ency and completeness checks on the data).

B. Frequency of measurement (same reasons as under Planning-item F).
C. Frequency of reporting (should be consistent with practicability and required urgency).

Analysis

A. Computing requirements (e.g., small calculators, computers, data storage; should be consistent
with available resources and designed only after careful consideration of monitoring objectives;
for more sophisticated applications some pilot studies may be necessary).

B. Data editing (e.g., error checking and correcting).
1. Out-of-range values
2. Consistency checks (e.g., pregnant male)
3. Coding errors (e.g., mistaken units, illegibility).

C. Speed of updating (processing), availability to decision makers.
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D. Statistical operations
1. Investigation into validity of assumptions, biases, etc.
2. Descriptive statistics (including graphs, tables, etc.)
3. Standard indices
4. Parameter estimation (e.g., models)
5. Trends
6. Regression
7. Contingency.

Use ofinformation

A. Signalling (primary goal of the system).
B. Evaluation (e.g., of health care delivery systems, or pollution control measures).
C. Forecasting.
D. Linkage (e.g., to other monitors or to information systems).
E. Feedback (to improve the system).
F. Decision theory (further work in this area would be useful, especially when population or other

parameters are unknown).
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