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The role of the laboratory in disease
surveillance

Bradford A. Kay'
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ABS RACT Laboratory information is critical for disease survsillance and control programmes.
Before an outbreak, laboratory-supported surveillance allows early detection of cases. During an
outbreak a sample of cases should be laboratory confirmed to assess changes in the etiological
agent and to guide decisions about the allocation of resources. Support is provided by laborato-
ries of differing capabilities. Field laboratories are useful in areas where resources are limited or
nonexistent. More complete testing is usually done in regional laboratories. International refer-
ance |aboratorias may idantify rara or dangerous pathogens, identify newly described organ-
isms; and provide uncommen diagnostic reagents. Laboratory information must be accurate,
timely and subjected to quality assurance procedures.

Le role du laboratoire dans la surveillance des maladies

RESUME Linformation que fournit le laboratoire est d’'une importance capitale pour les pro-
grammes de surveillance des maladies et de lutte contre celles-ci. Avant une flambée
épidemique, la surveillance effectuée a l'aide du laboratoire permet de dépister les cas a un
stade précoce. Lors d'une flambée épidémique, un échantillon de cas devrait étre confirmé au
laboratoire afin de déterminer les mutations de 'agent étioclegique et guider les décisions concer-
nant lallocation des ressources. L'appui est fourni par des laborateires possédant différentes
capacités. Les laboratoires mobiles sont utiles dans les zones ol les ressources sont limitées ou
inexistantes. Les laboratoires régionaux effectuent géneraiement des examens plus complets.
Les labaratoires internationaux de référence peuvent identifier des agents pathogénes rares ou
dangereux, des organismes nouvellement décrits st fournir des réactifs diagnostiques peu cou-
rants, Linformation fournie par le laborateire doit étre exacte, opportune et soumise aux procé-
dures d’assurance de la qualite.
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Introduction

Infectious diseases constitute the
major cause of death worldwide and
will not be conquered during our
lifetimes. :

Report on. Emerging Diseases, 1992
US Institute of Medicine

Accurate and timely laboratory information
has becorme the foundation upon which cur-
rent discasc treatment, prevention and con-
trol programmes are based. This reliance on
laboratory-derived information has, for the
past 100 years, parallcled the development
of modern medicine and public health.

In 1992 the Institute of Medicine, an or-
ganization of the US National Academy of
Sciences, issued a landmark report docu-
menting the continuing global rise in infec-
tious diseases [/]. According to the report,
developed and developing economies are
similarly at risk, and the welfare of every
nation is threatened by the lack of infra-
structure for disease detection, control and
prevention. In response to these threats
strategies lave been proposed by the Cen-
ters for Disedse Control and Prevention in
Atlanta [2] and the World Health Organiza-

Table 1 WHO goals for control of emerging
infectious diseases

1. Strengthen global surveillance capabilities

2, Stroengthen laboratory infrastructure and
capacity

3. Create an applied research programme

4, Strengthen disease prevention and control
capacity

5. Improve communications to target groups

Source: Report of the WHO meeling on emerging
infectious diseases, Geneva, 25—26 April 1994.
Geneva, World Health Organization, 1994 (WHO/
CDS/BVIg4.2)
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tion (WHO) [3]. In the WHO plan, five
goals have been identified for combating
emerging and re-emerging infectious diseas-
es (Table 1). Strengthened disease surveil-
lance and enhanced international laboratory
infrastructure lead these recommendations,
and some aspect of laboratory practice is a
component of each of the WHO goals. In
order to accomplish these goals, WHO rec-
ommended that collaborating laboratories
form local and regional “partnerships” and
“horizontal laboratory networks”, In con-
cept, these voluntary cooperative networks
will share information and report unusual
patterns of human and zoonotic disease. In
order to etfectively perform these tasks, col-
laborating laboratories will require ongoing
logistical, financial and scientific support.
This support must come in many forms and
will include technology transfer, the avail-
ability of critical reagents and supplies, en-
hanced communications capabilities,
ongoing quality control/quality assurance
activities and the means for retaining com-
petent, trained personnel who possess rare
expertise or unique diagnostic capabilitics
{(Table 2).

Table 2 Components of theWHO plan to
strengthen laboratory infrastructure

Ensure availability of:
+ diagnostic reagents (common and rare)
* squipment
+ training of laboratory personnel
* rare expertise or capabilities
* quality control programmes
* quality assurance practices
= effective data management and analysis
* regular communications
* technology transfer or exchange
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Laboratory support: a key to
disease surveillance

Accurate {aboratory-based information is a
critical component of disease surveillance
and is among the highest goals of disease
control programmes, Pathogen-specific sur-
veillance information, based on factors such
a8 gengraphic range, vectors, antibiotic re-
sistance and biotype/serotype of the etiolog-
ic agent, is critical for predicting outbreaks
and for differentiating background events
from true outbreaks. Early detection of dis-
gase outbreaks with confirmation of etiolo-
gy allows the institution of proper treatment,
control and prevention practices. Likewise,
during a disease outbreak a sample of cases
should be laboratory confirmed in order to
monitor the characteristics of the epidemic
strain of the organism. Significant changes
in key phenotypic or genotypic characteris-
tics (antibiotic resistances, serotype, bio-
type, antigenic shifts, etc.) may warrant
changes in treatment or control practices.

A team effort

Laboratories are composed of numerous di-
verse and complex elements that go beyond
the issues of science and medicine. Of these,
the single most important asset is the knowl-
edge and expertise of the laboratory employ-
ee, Highly trained, motivated employees
with access to adequate resources are able to
consistently produce high quality results.
However, as in all systems, the quality of the
output of a laboratory is directly related to
the quality of the input and the quality of the
process itself. Knowledge, training and
teamwork are required to obtain adequate
specimens for testing and to ensure correct
processing, handling, storage, analysis and
reporting. Each step in the process is critical
to the overall accuracy of the result and each
step must be competently performed and co-
ordinated with subsequent steps.

Laboratory facilities and

capabilities

Adequate epidemiological support can often
be provided by laboratory facilities of dif-
fering levels of sophistication and capabili-
ties. Field laboratories, either portable,
mobile or fixed, can provide screening tests
and simple diagnostic procedures in areas
where more extensive resources are limited
or nonexistent. Field facilities, however,
may be limited to collection and processing
of specimens or the performance of simple,
rapid diagnostic procedures that do not re-
quire significant environmental controls,
containment capabilities or support facili-
ties. Field laboratories, however, require
significant logistical support and are best
suited to providing limited services for brief
periods of time.

Larger laboratories, such as those found
at the district, regional and national levels
require significant infrastructure and sup-
port. These larger facilities, however, are
often the only ones with the resources to per-
form complex or lengthy testing procedures,
such as viral cultures and molecular biolog-
ical assays. These facilities often operate in
concert with smaller facilities and ficld lab-
oratories in order to expand the availability
of regional diagnostic capabilities. Tests of-
fered may include the isolation, identifica-
tion and characterization of the spectrum of
pathogenic microorganisms.

International reference laboratories,
such as WHO collaborating centres, are of-
ten asked to confirm the identification of
rarely encountered organisms as well as to
identify extremely dangerous pathogens.
These laboratories may also be able to iden-
tify newly described pathogens and may
represent the only source for infrequently
used diagnostic reagents and materials. It is
important that these unique facilities be em-
powered to mainfain not only their exper-
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tise, but also supplies of reagents for which
there may be no commercial supplier.

Laboratory modules

In a recent publication by the WHO Region-
al Office for the Eastern Mediterranean
(EMRQ) laboratory support components
and diagnostic tests for peripheral and field
laboratories were grouped together into
modules in order to simplify planning for
laboratory needs [4]. The modules were de-
signed around a specific laboratory need
(power, for example), medical procedure
(phlebotomy) or group of related diagnostic
tests {enteric stool screen). The EMRO pub-
lication presents several additional modules
and their components. The module concept
can be useful in developing plans for provid-
ing the minimal requirements for field fabo-
ratories responding to disease outbreaks or
other emergency situations in which logisti-
cal considerations must be rapidly and effi-
ciently made.

Laboratory-based communications

Rapid and etfective communication of labo-
ratory information is an essential component
of infectious disease surveillance. Modern
communications and computer technology
offer the opportunity for rapidly compiling
and disseminating information. Strengthen-
ing the communications capabilities of labo-
ratories is of great importance and is a
component of the WHO plan to strengthen
laboratory infrastructure worldwide. Nu-
merous innovative means of transmitting
laboratory information have been recently
developed. A sampling of these is presented
in Table 3. Nearly all disease reporting sys-
tems are now available electronically. Using
these systems allows not only the rapid dis-
semination of information but also the cre-
ation of global data sets of infectious
disease information. As these data are com-
piled and analysed they shonld provide a
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Table 3 Examples of laboratory-based
communications

Communications networks

WHONET WHO-sponsored reporting
network for antimicrobiat
resistance

ProMED Internet program to monitor
emerging diseases

Salm-Net European salmonella network

Legionnaire’s Legionnaire’s disease network
Network

Software

LITS/PHLIS  CDG-developed software for
compiling and managing
taboratory and epidemiological
data

Publications and bulletins

Weekly epidemiological record

World Health Organization

Morbidity and mortality weekly report
US Public Health Service

clearer understanding of the dynamics of ali
infectious diseases.

Quality assurance and quality
control

Effective quality control and quality assur-
ance programmes help to ensure the accura-
cy of laboratory results and heighten their
utility in programmes for disease control.
Good laboratory practices require that ap-
propriate quality control and quality assur-
ance procedures be regularly used at all
levels. The quest for maximum efficiency
and effectiveness coupled with a reduction
in errors and reduction in risk to the worker
are essential components of quality assur-
ance and laboratory management. Quality
assurance should include internal quality
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Table 4 Laboratory elements requiring quality
control and quality assurance procedures

Appropriateness of test

Patient and specimen preparation and sampling
Specimen identification and documentation
Preservation, handling, transport of specimens
Storage of specimens

Reagent integrity

Equipment reliability and calibration

Technician knowledge

Test performance, reference standards

Data management, record kesping, analysis
Reporting timing and accuracy

confrols and external quality assessment. A
comprehensive programme of quality assur-
ance should include the elements of test se-
lection, patient and sample preparation,
documentation, transport, handling and stor-
age, sample analysis, reports, and analysis
of data [5]. Laboratory elements to be con-
sidered when evaluating the quality of labo-
ratory activities and test results are
presented in Table 4.

In summary, the modern public health or
diagnostic laboratory is a key component of
surveillance and disease control pro-
grammes. Effective laboratory operations
are the result of a team effort. Laboratories
comme in many sizes, varicties and capabili-
ties and should be selected based on the
propet use of their individual capabilities.
Effective communications, as in all human
endeavours, is a key to success. Means
should be sought to continually improve
communicating laboratory information. Fi-
nally, quality control and quality assurance
must be incorporated into all aspects of lab-
oratory management and practice for con-
tinued excellence.
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