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Surveillance is the foundation of public health practice. This review examines the experience of surveil-
lance in the Expanded Programme on Immunization (EPI). Surveillance systems include routine report-
ing, sentinel surveillance, and community-based reporting. Data from ongoing surveillance should be
linked with those from supervision, health facility assessments, population surveys, and outbreak inves-
tigations to provide information for programme planning, implementation, evaluation, and modification.
Evaluation of surveillance systems should assess the extent to which data are used for policy-making
and programme improvement, and the simplicity, accuracy, completeness, timeliness and cost of the
data. The surveillance of vaccine-preventable diseases has evolved as programmes mature, to monitor
progress towards disease control targets. The establishment of goals to reduce measles cases by 90%,
eliminate neonatal tetanus, and eradicate poliomyelitis has put increased emphasis on the need for
effective disease surveillance. This opportunity should be taken to promote strengthening of national
routine systems for disease surveillance, to make them effective instruments for prevention and control
of diseases of public health importance.

Introduction
Public health surveillance has been defined as "... the
ongoing systematic collection, analysis and interpre-
tation of health data essential to the planning, imple-
mentation, and evaluation of public health practice,
closely integrated with the timely dissemination of
these data to those who need to know..." (1). A sur-
veillance system must lead to the use of information
for action to improve public health (2).

The Global Advisory Group of the WHO
Expanded Programme on Immunization (EPI) recent-
ly recommended that the principal focus of EPI sur-
veillance shift from the earlier measures of access
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and utilization of services to the determination of
programme impact on target disease morbidity and
mortality. Accordingly, this is an appropriate time to
review how EPI has developed and applied different
methods of surveillance to improve disease control.

Methods of data collection
Routine reporting
EPI uses routine reports of immunizations adminis-
tered to the target age group to estimate immuniza-
tion coverage, and reports of cases of measles, neo-
natal tetanus and poliomyelitis to monitor program-
me impact. The coverage estimated from routine data
often differs from that obtained using other methods,
because of inaccurate population denominators and
inaccurate registration of immunizations (3). If the
quality of these data can be improved, routine reports
have the potential advantage of providing continuous
information on coverage at the district level or below
(4). Similarly, although disease incidences are fre-
quently underestimated by routine reports, because
only those cases that present to health facilities are
detected, disease trends can be monitored if the
reporting system remains unchanged over time. Geo-
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graphical areas or population groups with the highest
estimated incidences can then be targeted for addi-
tional programme efforts.

Routine reports can also provide estimates of
vaccine efficacy (VE) using the "screening" method,
which compares the proportion of cases that occurs
among vaccinated individuals with the proportion of
the population that is vaccinated (5). However, there
are many potential biases in the estimates of VE
obtained from routine reports, and it may be more
practicable to monitor the cold chain routinely, and
to use opportunities such as outbreak investigations
to evaluate VE.

Rare adverse events suspected to be associated
with immunizations will usually be reported immedi-
ately through informal channels. Common adverse
events, such as regional suppurative adenitis follow-
ing administration of BCG vaccine, and injection
abscesses, should also be recorded. Following verbal
reports of lymphadenitis associated with BCG immu-
nization, for example, local authorities in Zimbabwe
(6) and Mozambique (7) instituted temporary sur-
veillance for lymphadenitis, and WHO subsequently
conducted a global review of factors related to devel-
opment of lymphadenitis following BCG immuniza-
tion.

Surveillance through sentinel sites

Sentinel sites can substitute for routine systems
where the latter are too poorly developed to detect
trends in incidence (8, 9). Such sites can also com-
plement routine systems by providing more detailed
information on each case (10). Sentinel sites are
selected on the basis of their geographical represen-
tativeness, case-load, and willingness of staff to par-
ticipate (11). A range of health facilities can be used
for common and distinctive diseases such as measles,
while specialist centres may be more suitable for
diphtheria and pertussis.

Community-based reporting
A variety of innovative approaches have been used
to identify cases of disease in areas that are under-
served by health facilities. However, even in well-
served areas, disease eradication programmes re-
quire that cases be identified at the community level.
In the smallpox eradication campaign, this was
achieved through visits to markets, house-to-house
visits, and by instituting rewards to the community
member who reported a case and the health worker
who confirmed it (12). The Region of the Americas
has used a similar reward system for poliomyelitis
eradication (4).

In some countries health workers conduct peri-

odic visits to a sample of villages that have poor
access to health services to obtain information on
common diseases, nutritional status, and mortality
(13), or to relate morbidity and mortality to the
coverage and costs of health services (14, 15).

Prospective population-based surveillance proj-
ects, such as Matlab, in Bangladesh (16), provide
invaluable data for national and global policy-
making, but are clearly only feasible in research set-
tings.

Links with other sources of data

Ongoing surveillance information is complemented
by information from other sources, particularly
supervision of immunization practices, health-facility
assessments, outbreak investigations, and population
surveys.

Supervision and health-facility assessments. Infor-
mation from supervisory visits on cold chain main-
tenance and immunization practices should be ana-
lysed together with surveillance data.a Programme
managers can conduct health facility assessments to
monitor compliance with immunization standards
(17), including the use of all opportunities to vacci-
nate eligible children.b Audits of immunization
coverage among clinic attendees or households close
to health facilities can stimulate health workers to
increase immunization activities (18, 19).

Population surveys. A major contribution made by
EPI has been the development of a practical cluster
sample survey method (20). Originally, the EPI sur-
vey method was designed to measure immunization
coverage, but it has also been adapted to investigate
determinants of immunization uptake and to measure
disease morbidity and mortality (21).

In industrialized countries, serological surveys
are important for detecting gaps in immunity in pop-
ulations during the change in epidemiology of EPI
target diseases from the pre-vaccine to the vaccine
era (22, 23). As laboratory services improve in
developing countries, serological surveys may play a
more important role in determining immunization
policy.

Outbreak investigations. A good surveillance
system should detect outbreaks in time for an effec-
tive response to be made. Even if, as often occurs,
outbreaks are reported too late for interventions to be

a EPI logistics and the cold chain: improving quality, 1990.
Unpublished document WHO/EPI/LHIS/90.5, 1990 (WHO logis-
tics for health. Information series).
b Training for mid-level managers: identify missed opportunities.
Unpublished document WHO/EPI/MLM/91.7, 1991.
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effective, an investigation is useful to describe the
characteristics of cases, identify unvaccinated popu-
lation groups, and evaluate vaccine efficacy (24, 25).

Outbreak investigation and response can
increase the visibility of the programme, capture the
interest of communities, and lead to improved on-
going collaboration between communities and health
services.

Uses of surveillance data
Information from surveillance systems should be
used at all stages of the cycle of programme planning
(priority setting, selection of appropriate schedules
and strategies, and identification of high-risk popula-
tions), programme implementation, and evaluation.

Determining priorities

Data on disease incidence and mortality demonstrate
the magnitude of the health burden from different
diseases (26) and can generate the political will and
funding for disease control. In many developing
countries, because of the incompleteness of routine
reporting, surveys were necessary to show the public
health importance of poliomyelitis (27) and neonatal
tetanus (28).

Selecting appropriate schedules and
strategies

Information on the age-specific incidence and mortal-
ity from EPI target diseases is crucial for the selec-
tion of appropriate immunization schedules and stra-
tegies (29, 30). For measles vaccine, WHO based the
recommendation to immunize at 9 months of age on
data from special studies of age-specific seroconver-
sion rates and community-based surveillance of dis-
ease incidence (31). Surveillance data from routine
programmes were then used to evaluate the policy of
immunizing at 9 months of age (32, 33) and have
been incorporated into mathematical models to pre-
dict the effect of different immunization strategies
and schedules (34).

Targeting populations at high risk

Analysis of surveillance data, together with investi-
gation of outbreaks and/or individual case reports,
helps to identify high-risk groups for measles (35)
and neonatal tetanus (36, 37). In western Cape
Province, South Africa, measles notification rates
among under-2-year-olds were nine times higher in
Cape Town than in the rest of the province, and were
10-100-fold higher among Blacks than Whites (38).
Active surveillance in Kinshasa, Zaire, identified

neighbourhoods with high incidences of paralytic
poliomyelitis (39).

Programme implementation

The management of surveillance systems requires
logistic support, supervision, and training that cut
across traditional divisions between curative and pre-
ventive health programmes. Clinicians diagnose and
record diseases, public health personnel collect and
analyse reports, and managers and policy-makers
interpret and use the information. Surveillance
should stimulate increased collaboration between
clinicians and public health personnel, and between
public and private sectors, in data collection and,
more importantly, in using information for effective
action.

Evaluating programme effectiveness

The impact of EPI has been demonstrated by data
from routine reports, sentinel sites and surveys, thus
helping to increase the motivation of health workers
and sustain support from governments and donors
(40-42). Demonstration of the long-term trends in
disease incidence is especially important to convince
policy-makers of the effectiveness of EPI when an
outbreak of a target disease occurs in an area with
high immunization coverage (43).

While surveillance aims to document decreases
in disease incidence as coverage increases, it can
also provide warnings about difficulties in service
delivery. For example, the 1989-90 measles epidem-
ic in the USA highlighted delayed immunization of
poor inner-city children (44). Recrudescence of per-
tussis was demonstrated in the United Kingdom after
adverse publicity caused a fall in immunization
coverage and in New Zealand after the use of
two doses of adsorbed diphtheria-pertussis-tetanus
(DPT) vaccine with an efficacy of only 59% (45). In
Maputo, Mozambique, one sentinel site for poliomy-
elitis reported an increase in the number of cases
after expired poliomyelitis vaccine had been used,
leading to revaccination of children in the affected
age groups (46).

Evaluation of surveillance systems
Surveillance systems should be evaluated periodical-
ly to ensure that they meet the performance criteria
outlined below (47).

Usefulness

Surveillance data should make a difference either to
the formulation of health policies or to the manage-
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ment of intervention programmes. One of the criteria
of a useful information system resides in evidence
that some of the information gathered is used at the
level of gathering, without the mediation of time-
consuming referral to, and analysis by, higher levels
of management. This does not mean that higher
levels of management do not have a role to play;
however, the immediate analysis and use of informa-
tion at the most peripheral levels is characteristic of
a useful information system, and thus should be
encouraged. If surveillance data are available but are
not used to formulate policies or improve pro-
grammes, the reasons for lack of use should be
investigated.

Timeliness

The frequency with which data are needed at differ-
ent levels depends on the programme goals and on
the outbreak potential of different diseases. Pertussis,
diphtheria, and tuberculosis are not subject to special
programme activities that depend on disease occur-
rence, and annual monitoring of cases is sufficient.
Conversely, the goals of eliminating neonatal tetanus
and poliomyelitis, and the outbreak potential of
measles, mean that cases of these diseases should be
reported and investigated promptly. Streamlining
surveillance systems, so that diseases that are used
only to monitor long-term trends are reported less
frequently, will permit prompt reporting of those
diseases whose occurrence should trigger immediate
action. Once a country has established criteria for
the frequency of reporting different diseases, the
timeliness of receipt of the information should be
monitored.

Completeness
The completeness of reporting has two components:
the proportion of all cases that attend the health facil-
ities included in the surveillance system; and the pro-
portion of these cases that are diagnosed and report-
ed. The receipt of reports from each health facility,
and the associated delays, should be monitored. The
proportion of cases diagnosed at health facilities and
which are subsequently reported should be assessed
by register reviews during supervisory visits.

Simplicity
The following example is illustrative. Data on
measles and pertussis collected from 169 health facil-
ities in Istanbul were compared with a retrospective
review of the children's hospital outpatient registers
for the period 1980-86. For these two diseases, the
trends were almost identical based on data from
hospital outpatients and municipal reporting, showing

that the children's hospital could adequately substi-
tute the citywide reporting system for at least
measles and pertussis, with concomitant economies in
time, effort, and expense (9). However, as program-
mes adopt more ambitious disease control or eradi-
cation goals, simplicity may become less important
than completeness of reporting.

Sensitivity and specificity of case definitions

Standardized case definitions should be used for
disease surveillance. The sensitivity and specificity
of diagnosis can be adjusted by modifying the case
definition, and usually vary inversely. Insensitive
case definitions can lead to overestimates of pro-
gramme impact and the failure to identify risk
groups and areas; and low-specificity case defini-
tions can lead to loss of confidence in immunization
programmes because of apparently large numbers of
cases. The cost of low specificity can be high; for
example, a recent measles outbreak in the USA led
to control activities costing US$ 1 million. Subse-
quently, it was determined that many cases had been
falsely diagnosed and that the outbreak was not as
extensive as had been thought (48).

For yellow fever, an enzyme-linked immunosor-
bent assay (ELISA) for IgM resulted in the rapid
confirmation of suspected cases in Cote d'Ivoire and
proved an important adjunct to surveillance (49).
Also, simple field tests are available to confirm the
diagnosis and establish the serogroup of meningo-
coccal meningitis, and are used to determine whether
immunization is indicated (50). The development of
laboratory methods that are simple, inexpensive, and
practicable in field conditions would greatly improve
surveillance and control of EPI target diseases.

Cost

The cost of routine reporting systems, though often
hidden, is considerable. The routine health informa-
tion system was estimated to cost between 10% and
25% of the total wage bill of the ministries of health
in seven countries in the Region of the Americas
(51). Minimizing the number of diseases and condi-
tions and the frequency of reporting may help to
reduce surveillance costs. Managers should also
consider greater use of household surveys (52, 53) or
periodic reviews of hospital and clinic registers (54).

Conclusions and future directions
The establishment of goals to reduce measles cases
by 90%, eliminate neonatal tetanus, and eradicate
poliomyelitis offers an opportunity to understand the
role of surveillance in disease control and, therefore,
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to have the necessary resources allocated for its
improvement. Efforts should be made to strengthen
existing routine systems for surveillance of infec-
tious diseases, rather than to develop parallel sys-
tems for EPI target diseases. WHO has developed
guidelines for this, with the objective of improving
the surveillance and control of EPI target diseases
and other infectious diseases of major public health
importance.c

Responsibility for managing the disease surveil-
lance system, including initiation of action in
response to information, should be decentralized to
the district level. To achieve this, field supervision
and training of district health officers in data collec-
tion and management should be strengthened. As
few data as possible should be collected: cases of
measles, neonatal tetanus, and poliomyelitis should
be reported routinely, but not deaths from these dis-
eases. National surveillance systems should review
the list of reportable diseases and give priority to
those for which specific interventions exist, and to
which the health system is capable of reacting in a
timely way based on information on increased inci-
dence or outbreaks.

In countries with mature immunization pro-
grammes that reach over 80% of infants each year,
the high-risk approach should be adopted. Special
efforts should be focused on areas and population
groups with increased risk of disease. This approach
is essential to the eradication of wild poliovirus, but
should also be evaluated for its potential contribution
to other disease control initiatives.

Surveillance systems should be monitored
through the use of quality indicators, the main three
ones being:
- the timeliness/completeness of reporting;
- the proportion of reported cases/outbreaks that

are investigated; and
- the proportion of investigated cases/outbreaks

that are followed by a response.
For the last two of these indicators, time limits

can be incorporated according to the stage of devel-
opment of the health system; for example, how many
cases of poliomyelitis were investigated within 48
hours of receipt of reports. For many diseases such
indicators can be used to monitor the quality or
effectiveness of operational aspects of response to
surveillance information.

c Improving routine systems for surveillance of infectious dis-
eases including EPI target diseases: guidelines for national
programme managers. Unpublished document WHO/EPI/
TRAM/93.1, 1993.

Surveillance is an important element of the pub-
lic health infrastructure. The ability to collect and
use surveillance data together with management
information to formulate health policy and to
improve programme implementation constitutes what
WHO terms "essential epidemiological capacities"
that all Member States should possess (55). The sur-
veillance of vaccine-preventable childhood illnesses
has evolved as services have expanded and as pro-
gramme goals have become increasingly ambitious.
The specific EPI disease-control targets cannot be
achieved without effective disease surveillance to
serve as a management tool for national immuniza-
tion programmes. This opportunity should be taken
to streamline and improve national routine systems
for the surveillance and control of infectious diseases
of public health importance.

Resume
La surveillance dans le cadre du
programme 6largi de vaccination
La surveillance est a la base des activites de
sante publique. Le present article traite de I'expe-
rience de la surveillance dans le cadre du pro-
gramme elargi de vaccination (PEV). Les sys-
temes de surveillance comprennent la notification
systematique, la surveillance par sentinelles, et la
notification au niveau communautaire. Les don-
nees de la surveillance courante doivent etre
reliees aux donn6es de la supervision generale,
des 6valuations des 6tablissements de soins, des
enquetes en population et des investigations sur
les epid6mies, pour pouvoir etre utilisees dans la
planification, la mise en ceuvre, 1'6valuation et la
modification des programmes. L'6valuation des
systbmes de surveillance devra porter sur les
points suivants: niveau d'utilisation des donnees
pour l'6tablissement des politiques et l'ameliora-
tion des programmes, et simplicit6, exactitude,
exhaustivite, actualite et coOt des donnees. La
surveillance des maladies evitables par la vacci-
nation a evolue, a mesure de l'avancement des
programmes, en une surveillance des progres
realis6s sur la voie de l'endiguement de ces mala-
dies. La fixation de buts tels que la r6duction des
cas de rougeole de 90%, I'elimination du tetanos
n6onatal et l'6radication de la poliomy6lite a mis
en lumiere la necessit6 d'une surveillance effica-
ce. 11 faut saisir cette occasion pour promouvoir le
renforcement des systemes nationaux de sur-
veillance systematique des maladies, afin d'en
faire des instruments efficaces de prevention et
de lutte.
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