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1 Infectious disease surveillance:
a cornerstone for prevention
and control
Nkuchia M. M’ikanatha, Ruth Lynfield, Kathleen G. Julian,
Chris A. Van Beneden & Henriette de Valk

In view of the galloping pace of globalization that is
transforming the world into a global village, close
international co-operation is essential in the de-
tection, prevention, and control of communicable
diseases.

Leung Pak-yin, Centre for Health Protection,
Hong Kong [1]

Introduction

Throughout human history, infectious diseases
have been a major force—constantly changing in
form as new human behaviors pose new risks, old
pathogens adapt, and novel pathogens emerge. The
widespread availability of vaccines and antibiotics
led to a mistaken confidence that infectious diseases
had been conquered, as expressed by some United
States (US) public health leaders in the late 1960s
[2]. In the following decades, this optimism was re-
placed by a realization of the enormity of infectious
disease challenges. New pathogens, including hu-
man immunodeficiency virus, have erupted while
known pathogens, including drug-resistant tuber-
culosis and malaria, continue to cause major mor-
bidity and mortality. Globally, infectious diseases
are the leading cause of morbidity and the second
leading cause of death [2].

The economic consequences associated with in-
fectious diseases are enormous. Even in a small

country like England with a population of approx-
imately 50 million persons, the direct cost of treat-
ing infectious diseases was estimated to be approx-
imately £6 billion (US$11.5 billion) per year [3].
Disease epidemics can undermine national and even
global economic stability. The economic ramifica-
tions of the 2003 outbreak of severe acute respira-
tory syndrome (SARS) were experienced not only
in Asian countries, but also globally. Direct and in-
direct economic costs of SARS have been estimated
at US$80 billion [4].

We will demonstrate in this chapter and through-
out this book that to confront threats of endemic
and emerging pathogens, systematic disease track-
ing is essential to inform disease prevention and
control programs. The successful eradication of
smallpox in the twentieth century (see Part 1
of Chapter 39, The use of surveillance in the
eradication of smallpox and poliomyelitis) is a
dramatic example of the central role played by
surveillance in guiding disease control (Figure 1.1).
Many other important, ongoing achievements in
surveillance will be illustrated in this chapter.
We will introduce the basic principles of infec-
tious disease surveillance and present a glimpse
into the vast array of innovative surveillance sys-
tems currently in place. To reinforce key con-
cepts, examples will be chosen from real-life
surveillance systems with reference to further de-
tails provided in subsequent chapters of this
book.
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Fig 1.1 A child receiving smallpox vaccine. Surveillance
data played a key role in smallpox eradication efforts by
guiding vaccination campaigns.

Definition and scope of infectious
disease surveillance

General principles of public health surveillance
are used in programs to prevent and control
infectious disease, chronic disease, and injury, and
to insure occupational health. In this book we
focus on infectious disease surveillance, primarily
as communicable pathogens relate to human
health but also with attention to pathogens in
the closely interrelated animal realm and en-
vironment. The infectious diseases surveillance
activities described in this book are primarily
carried out by public health authorities or in-
fection control entities in healthcare institutions;
however, modern infectious disease surveillance
requires collaboration with partners in a variety
of fields, including wildlife biology, veterinary
medicine, law, and information technology
(IT).

The conduct of surveillance can be conceived as
a “three-legged stool” consisting of three main in-
tegrated activities: (a) systematic collection of perti-
nent data (e.g., case reports of a specific disease); (b)
analyses of these data (e.g., assessing trends in dis-
ease occurrences); and (c) timely dissemination of
results to guide interventions (e.g., reports to public
health teams implementing prevention programs or

to clinicians to guide empiric disease management).
The three surveillance “legs” are contained both in
the original 1969 International Health Regulations
and the most recent definition of surveillance as is
articulated in the 2005 International Health Regu-
lations (IHR 2005) [5]. IHR 2005 defines surveil-
lance as “the systematic ongoing collection, colla-
tion and analysis of data for public health purposes
and the timely dissemination of public health infor-
mation for assessment and public health response as
necessary.” These components are considered cen-
tral to every public health surveillance system and
will be revisited in this book as they pertain to spe-
cific programs.

Besides the World Health Organization (WHO),
local, regional, and national agencies have em-
braced surveillance as a means to characterize and
address endemic and emerging infectious disease
threats. Although many of the examples covered
in this book are from North America and west-
ern Europe, infectious disease surveillance is con-
ducted worldwide, albeit in varying degrees and
forms.

What happens in the absence of
infectious disease surveillance?

In considering the values of surveillance, it is in-
structive to ask, “What happens to public health in
the absence of surveillance?” Where disease track-
ing is compromised, as occurs during protracted
armed conflicts, previous progress made in disease
control efforts can be reversed. For example, Soma-
lia is one country where ongoing conflict has weak-
ened the surveillance infrastructure necessary to
identify and interrupt polio virus transmission [6].
Special investigations identified an outbreak of po-
lio in Somalia that, between 2005–2006, resulted in
an estimated 217 cases (www.emro.who.int/polio/).
The resurgence of polio in one country threatens
eradication efforts in neighboring countries.

Lack of surveillance and control programs con-
tribute to resurgence of diseases like human African
trypanosomiasis in the Democratic Republic of
Congo in the 1990s [7]. Gains made earlier in
the century were lost during war and socioeco-
nomic deterioration. By the time public health
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teams were re-mobilized in 1993–1994, the inci-
dence of trypanosomiasis was found to be 34,400,
with neglected areas reporting the highest rates of
the century. Impromptu surveillance and disease
control measures can be expected to be much more
difficult to implement in these and other countries
that have suffered long-standing waves of violence
and breakdown of the public sector infrastructure.
Chapter 20 (Communicable disease surveillance in
complex emergencies) offers practical considera-
tions for conducting surveillance in complex emer-
gency situations characterized by war or civil strife
affecting large civilian populations. Examples are
drawn from experiences in Albania, Basrah (Iraq),
and the Greater Darfur region (Sudan).

Inadequate surveillance and consequent “blind-
ness” to the health status of the population has con-
tributed to the uncontrolled global spread of the
human immunodeficiency virus/acquired immun-
odeficiency syndrome (HIV/AIDS), one of the worst
pandemics in human history. Without accurate
surveillance data to understand the true health sta-
tus of their populations and to guide the use of lim-
ited public health resources, leaders can be grossly
misinformed and, as in the case of HIV/AIDS, lose
opportunities for early prevention and control be-
fore the virus becomes entrenched. Stigmatization,

Fig 1.2 The Global HIV/AIDS Epidemic. For expanded timeline, see source: The Henry J. Kaiser Family Foundation,
www.kff.org. Used with permission from the Henry J. Kaiser Family Foundation, Menlo Park, California [8].

discrimination, and marginalization—all fueled by
ignorance—have contributed simultaneously to the
denial and, paradoxically, to the explosion of the
pandemic. As shown in Figure 1.2, in the 25 years
since the first recognition of AIDS in the US, it is es-
timated that 65 million persons have been infected
with HIV and more than 25 million have died of
AIDS [8].

Complacency and diversion of resources have
hindered maintenance of surveillance systems that
are sensitive enough to detect smoldering epi-
demics. In the US during the mid-1980s, lack of
support for tuberculosis surveillance and control
is thought to have contributed to the subsequent
multi-drug resistant tuberculosis outbreak which
emerged in several geographic areas and resulted in
more than $700 million in direct costs for tubercu-
losis treatment in 1991 alone [9]. (Also see Chapter
12, Surveillance for tuberculosis in Europe.) Dete-
rioration of public health infrastructure, including
capacity to detect diseases, is thought to have con-
tributed to the reemergence of epidemic diphtheria
in the Russian Federation in 1990 and its spread to
all Newly Independent States and Baltic States by
the end of 1994 [10]. In a statement that specifi-
cally addressed the resurgence of vector-borne dis-
eases in Europe (but also applies to other infectious
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diseases), WHO stated in 2004, “In the absence
of major and dramatic outbreaks, health authori-
ties often fail to allocate adequate funding for the
surveillance and control of this group of diseases”
[11].

In disease eradication programs, robust surveil-
lance systems are necessary to detect every case.
However, with low levels of disease, it is hard to
convince decision makers to allocate sufficient re-
sources for surveillance and a risk of undetected
relapse remains. As a result of an ambitious plan to
eradicate malaria in the mid-1950s, some countries
(e.g., India) had sharp reductions in the number of
cases followed by, after efforts ceased, increases to
substantial levels [12].

The desire of societies to control the spread of
highly contagious and virulent infectious pathogens
(e.g., pandemic strains of influenza virus) may
allow acceptance of quarantine by public health
authorities even at the expense of individual lib-
erty. However, without surveillance data, pub-
lic health officials will have difficulties designing
rational isolation and quarantine strategies and
can expect to encounter legal obstacles and pub-
lic disapproval. Chapter 35 (Legal considerations
in surveillance, isolation, and quarantine) under-
scores the need to support isolation and quarantine
decisions with sound medical and epidemiologic
evidence.

The value of surveillance

Even with available surveillance data, what can
public health programs realistically accomplish in
terms of disease prevention and control? Merely
collecting disease data for surveillance has little
impact. However, successful surveillance programs
also analyze and disseminate data to inform pre-
vention and control activities. Specific programs,
provided as examples here and further detailed
later in this book, clearly illustrate the power of
appropriately designed and utilized surveillance
data.

Guide seasonal vaccine formulation

The WHO Global Influenza Surveillance Network,
a network of 4 centers and 116 institutions in 87

countries, conducts annual surveillance for new
strains of influenza (see Chapter 19, Seasonal and
pandemic influenza surveillance). The results form
the basis for WHO recommendations on the com-
position of influenza vaccine for the Northern and
Southern hemispheres each year [13]. Use of surveil-
lance data to guide production of influenza vac-
cine is critical because the vaccine is most effec-
tive when most antigenically similar to circulating
viruses [14].

Guide vaccination strategies

Characterization of risk factors for bacterial infec-
tions such as invasive pneumococcal and meningo-
coccal disease and data on circulating serotypes
guide the development of vaccination recommen-
dations. For example, in the US, data from ac-
tive, population-based surveillance was used by
public health advisory committees on immuniza-
tion to help formulate the guidelines for vacci-
nation of young children with a newly devel-
oped pneumococcal conjugate vaccine [15] and
to recommend routine vaccination of incom-
ing college students with meningococcal vaccine
[16]. Further details are presented in Part 1 of
Chapter 18 (Surveillance for vaccine preventable
diseases).

Assess vaccine safety

Success of vaccination recommendations depends
on their acceptance by the public and healthcare
providers; an acceptable vaccine risk–benefit ratio
is important in gaining this confidence. The estab-
lishment of surveillance for vaccine-associated ad-
verse events has enabled ongoing assessment of vac-
cine safety. Exemplified by the US Vaccine Adverse
Event Reporting System and the Yellow Card pro-
gram used in the United Kingdom (UK) and other
countries, this type of surveillance is important for
detecting problems with vaccines (e.g., intussuscep-
tion related to rotavirus vaccine) and, when sup-
porting surveillance evidence exists, in promotion
of vaccines with good safety records (see Part 2
of Chapter 18, Vaccine adverse event reporting
system).
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Guide clinical management in the face of evolving
antimicrobial resistance

Surveillance for antimicrobial-resistant organisms
can guide clinical management for these infec-
tions, as well as increase awareness of the con-
sequences of antibiotic overuse. For example,
surveillance for community-associated methicillin-
resistant Staphylococcus aureus (CA-MRSA) in the
US has demonstrated that CA-MRSA has become
a common and serious problem and that the in-
fecting strains are often resistant to prescribed an-
timicrobial agents [17]. Chapter 4 (Surveillance
for antimicrobial-resistant Streptococcus pneumo-
niae) and Chapter 14 (Surveillance for community-
associated methicillin-resistant Staphylococcus au-
reus) discuss bacterial antibiotic resistance. Global
surveillance for chloroquine-resistant and other
types of resistant malaria greatly impacts recom-
mendations for treatment and prophylaxis for per-
sons traveling to specific countries [18]. Interna-
tional Travel and Health, a publication by WHO,
is updated every year and can be downloaded
from http://www.who.int/ith/en/. Health travel in-
formation is also available on the Centers for
Disease Control and Prevention (CDC) Web site
http://www.cdc.gov/travel/.

Control emergence of antimicrobial-resistant
organisms in domesticated animals

Widespread use of antimicrobial agents as growth
promoters in animal husbandry is associated with
increased resistance to antibiotics in bacteria iso-
lated from animals and humans [19]. Surveillance
for antimicrobial-resistant organisms in food ani-
mals is important to inform policies regarding use of
antimicrobials outside human medicine. For exam-
ple, the Danish Integrated Antimicrobial Resistance
Monitoring and Research Programme (DANMAP)
was established in 1995 to monitor antimicrobial
resistance in bacteria from livestock, food, and hu-
mans, and to monitor use of antimicrobial agents
[20]. Due to demonstration of rising antimicrobial
resistance among bacteria isolated from food an-
imals, Denmark banned use of certain antimicro-
bial agents as growth promoters in the 1990s (e.g.,
avoparcin, a glycopeptide similar to vancomycin,
in 1995) [21]. For further discussions, see Chapter

7 (Surveillance for antimicrobial-resistance among
foodborne bacteria: the US approach).

Guide allocation of resources for disease prevention
and treatment programs

Surveillance data are used to guide allocation of
resources to control infectious diseases at vari-
ous levels. For example, in the US, over $2 bil-
lion from the Ryan White federal emergency finan-
cial assistance program are allocated to support
HIV/AIDS care facilities based on the number of
AIDS cases reported [22]. Annual estimates of the
burden of HIV/AIDS in different countries by the
United Nations Program on HIV/AIDS has stimu-
lated creation of organizations (e.g., Global Fund to
Fight AIDS, Tuberculosis and Malaria; and the Bill
and Melinda Gates Foundation) focused on secur-
ing resources to expand public health programs in
the countries most affected by HIV/AIDS [23,24].

Identify outbreaks and guide disease
control interventions

A major use of infectious disease surveillance data
is to establish a baseline or reference point for de-
tection of outbreaks requiring immediate investiga-
tion and intervention. Advancement in laboratory
methods has enhanced usefulness of surveillance
in outbreak detection by linking bacterial isolates
obtained from geographically dispersed cases. For
example, PulseNet is a national network of public
health and food regulatory agency laboratories in
the US that perform standardized molecular subtyp-
ing (or “fingerprinting”) of disease-causing food-
borne bacteria by pulsed-field gel electrophoresis
(PFGE) [25]. PFGE patterns of isolates are com-
pared with other patterns in the database to identify
possible outbreaks. In a large multistate Escherichia
coli O157:H7 outbreak in 1993, PFGE was used to
link cases with consumption of hamburgers from a
restaurant chain (Figure 1.3) [26]. Public health ac-
tion in Washington state prevented consumption of
over 250,000 potentially contaminated hamburg-
ers, preventing an estimated 800 cases [27]. See
Chapter 5 (Surveillance for foodborne diseases) for
discussions on detection and investigation of food-
borne disease outbreaks.
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Fig 1.3 PFGE of E. coli O157:H7 strains
associated with a multistate outbreak. Lanes 1
and 9, molecular weight markers (lambda
ladder); lanes 2–5, patient isolates from
Washington, Idaho, Nevada, and California,
respectively; lane 6, isolate from an
incriminated lot of hamburger meat; lanes 7 and
8, isolates from lots of hamburger meat
unrelated to the outbreak [26]. (Used with
permission from American Society of
Microbiology Journals Department.)

Detect and respond to emerging infections

Surveillance is useful for detecting and controlling
new or reemerging pathogens. The recent outbreak
of SARS illustrates the role of surveillance in guid-
ing response to an emerging global public health
threat. First reported in Guangdong Province,
China, in 2003, SARS resulted in 8098 probable
cases with 774 deaths reported in 29 countries.
Surveillance played a critical role in assessing the
spread of the SARS epidemic and guiding quaran-
tine recommendations and other control measures
(see Chapter 39, Part 2, SARS surveillance in Hong
Kong and United States during the 2003 outbreak).

The spectrum of infectious disease
surveillance and disease-reporting
systems

Students and newcomers to the practice of public
health may perceive surveillance to be synonymous
with mandatory healthcare-provider-based disease
reporting systems. Although disease reporting is im-
portant, there are other components of surveillance.
We will outline core disease reporting systems as ex-
emplified in the US and other countries, and then
introduce the breadth of other types of innovative
systems used to monitor and respond to infectious
diseases.

Disease reporters

In most countries, mandatory disease reporting re-
lies upon physicians or other healthcare providers

both to diagnose diseases designated to be of public
health importance and to report these cases to pub-
lic health authorities. However, other professionals
are also obligated to report specific diseases. For
example, laboratory directors are given responsi-
bilities to report cases when laboratory tests are in-
dicative of a reportable disease. In some countries,
directors of schools, homes for the elderly, prisons,
or other institutions are required to notify public
health officials of any clusters of disease, such as
two or more cases of suspected food poisoning.

Despite being legally mandated, diseases are
grossly underreported [28]. There are essentially
no penalties for failing to report cases of disease.
Health-care providers and other reporters are of-
ten unaware of which diseases to report, they may
not believe in the utility of surveillance, and the
logistics of reporting cases can become unmanage-
able for busy clinicians. Creative means to motivate
and support disease reporters is essential, but often
overlooked. As one example, in the UK, a (mod-
est) financial compensation is offered to persons
who report diseases [29]. To promote reporting of
HIV, Michigan Department of Community Health
(US) maintains an active relationship with HIV care
specialists through an e-mail group that provides
up-to-date information on HIV and other infec-
tious disease news (see Chapter 16, Surveillance for
HIV/AIDS in the United States).

Diseases selected for surveillance

In most European countries, diseases considered
to be of public health significance and warranting
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Fig 1.4 Guidance for defining an epidemiologically linked
case prospectively. An epidemiological link is established
when there is contact between two people involving a
plausible mode of transmission at a time when (a) one of
them is likely to be infectious and (b) the other has an

illness onset within the incubation period after this contact.
At least one case in the chain of epidemiologically linked
cases (which may involve many cases) must be laboratory
confirmed [32]. (Used with permission of the Australian
Government – Department of Health and Aging.)

systematic surveillance are selected at a national
level. Provisions often do allow, however, for re-
gional adaptation (see Chapter 6, Supranational
surveillance in the European Union). For exam-
ple, chikungunya was made a mandatory notifiable
condition in mainland France and the overseas de-
partments in the Caribbean, but not in the depart-
ment La Réunion in the Indian Ocean, where a
massive epidemic involving over 100,000 persons
in 2006 overwhelmed the disease reporting struc-
ture. In the US, the authority to require disease re-
porting is decentralized—states, territories, and in-
dependent local health departments legislate lists
of reportable diseases, and these vary by state. For
example, coccidiomycosis is reportable only in ar-
eas in the southwestern US where the fungus is
endemic.

Case definitions

Case definitions are specific clinical and/or labora-
tory criteria used to standardize surveillance data
from different health jurisdictions. Before being
counted as a case, a disease report is investigated
to ensure that these criteria are met. The Council of
State and Territorial Epidemiologists (CSTE), a pro-
fessional society of public health epidemiologists,
establishes and periodically revises case definitions
that are used in infectious disease surveillance in
the US [30] and are available on the CDC Web site
http://www.cdc.gov/epo/dphsi/casedef/. Case clas-
sifications range from “confirmed” to “probable”,
depending upon availability of supporting data.

For over 80% of nationally notifiable diseases in
the US, positive laboratory test results are required
for case confirmation, and many of the other dis-

eases require an epidemiologic link to a laboratory-
confirmed case [31] (Guidance on identifying “epi-
demiologically linked” cases is provided in Figure
1.4 based on Australian case definitions [32]). Case
definitions for some diseases such as tetanus rely
primarily on clinical criteria (e.g., an acute onset of
hypertonia and/or painful muscular contractions,
usually of the muscles of the jaw and neck, and
generalized muscle spasms without other appar-
ent medical cause). Case definitions are subject to
evolution—this may be necessary in the face of a
rapidly changing epidemic of a new disease (see
Part 2 of Chapter 39) or more slowly as in the case
of HIV/AIDS (see Chapter 16). When case defini-
tions are changed, data can be expected to be altered
merely as an artifact of the new criteria [33].

The sensitivity and specificity of a case definition
are influenced by the availability of good laboratory
diagnostic assays to support clinical criteria, and
by epidemiologic goals. In an outbreak or in other
settings where confirmatory laboratory assays do
not exist or are not practical, sensitive but less spe-
cific case definitions may be selected. For example,
a gastrointestinal illness can be counted as a case
of salmonellosis if epidemiologically linked to a
laboratory-confirmed case of Salmonella. By con-
trast, when a single case has major public health
implications, the case definition may be quite
rigorous with strict laboratory criteria (e.g., for
vancomycin-resistant S. aureus or the reemergence
of SARS).

Data flow

Reporters phone, fax, mail, or electronically trans-
mit case reports to local health jurisdictions that
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investigate, ensure that case definitions are met, and
initiate interventions as needed. All states in the US
voluntarily contribute surveillance data to the na-
tional system. As determined by CSTE, with input
from CDC, a subset of locally reportable diseases
is deemed “nationally notifiable” and this subset
of cases are forwarded to the National Notifiable
Disease Surveillance System at the CDC. In many
other countries where the disease reporting author-
ity is centralized at the national level, all cases con-
firmed at the local jurisdiction are forwarded to the
national surveillance system.

Dissemination of data

Surveillance data are compiled, analyzed, and pre-
sented at many levels. A prominent outlet in
the US is the Morbidity and Mortality Weekly
Report, where Surveillance Summaries on noti-
fiable diseases are published on a freely acces-
sible Web site, http://www.cdc.gov/mmwr/, and
in printed copies that are mailed to subscribers.
In the UK, surveillance data are published regu-
larly in the Communicable Disease Report Weekly,
available on the Health Protection Agency Web
site http://www.hpa.org.uk/cdr/default.htm and by
e-mail subscription. States, territories, and local
health departments in the US have a variety of some-
what uneven methods to share surveillance data—
use of the Web to support this data dissemina-
tion function is discussed in Chapter 21 (Use of
the World Wide Web to enhance infectious disease
surveillance). Of critical importance is sharing of in-
formation about infectious disease with the public.
Chapter 32 (Communication of information about
surveillance) covers this topic in two articles: Part
1 (Media communication of surveillance informa-
tion) illustrates how the media conveys informa-
tion and Part 2 (Case study—a healthy response to
increases in syphilis in San Francisco) describes a
public awareness campaign.

Internationally notifiable diseases—International
Health Regulations

Public health agencies of most countries op-
erate fairly independently. However, infectious
pathogens do not respect country borders, and
therefore some disease outbreaks are not solely

the concern of the “index” country—intensified
global public health response may become essen-
tial. IHR, as originally articulated by the World
Health Assembly in 1969, has required countries
to report cases of Yellow fever, plague, and cholera
to the WHO. However, a 2005 revision broadens
the scope of IHR to include not only an expanded
list of known pathogens, but also as of yet unde-
fined new or reemerging diseases which can spread
rapidly with enormous health impact. International
emergencies caused by noninfectious diseases are
also addressed.

In the interests of the global community, the
2005 IHR addresses the need for an objective as-
sessment of whether an event constitutes a pub-
lic health emergency of international concern. As
specified in the legal framework of the new regu-
lations, WHO, with its extensive communications
network, can rapidly assess information. Once it
has determined that a particular event constitutes a
public health emergency of international concern,
IHR stipulates that WHO will make a “real-time”
response to the emergency and recommend mea-
sures for implementation by the affected state as
well as by other states. Official assessments from
WHO, as an internationally prominent and neutral
public health authority, can avoid unnecessary, un-
coordinated interference with international traffic
and trade that has previously made some countries
reluctant to report significant events. For further
discussion, see Chapter 2 (Infectious disease surveil-
lance and International Health Regulations).

Additional examples of the spectrum of
infectious disease surveillance programs

Some of the limitations encountered by disease re-
porting systems, including burden on reporters and
subsequent underreporting, lack of representative-
ness, and focus on human diseases, are addressed
by complementary systems. The principal alternate
systems are described below.

Laboratory-based surveillance

Clinical microbiology and public health laborato-
ries can be rich sources of information on pathogens
causing disease within a population. Compared
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to individual healthcare providers who are of-
ten spread across multiple clinics and acute and
chronic care facilities, laboratories may be a rel-
atively consolidated source of data on reportable
diseases. Many surveillance strategies involve col-
laborations with laboratories for sharing of data
and isolates. For example, utilizing advancing in-
formation technologies, public health organiza-
tions have worked with clinical laboratories to
enable electronic, automated transfer of informa-
tion on reportable diseases to public health agen-
cies (see Chapter 25, Electronic reporting in infec-
tious disease surveillance, which offers electronic
reporting examples from Germany and US). For
an example of automated laboratory reporting
using an Internet-based system, see Chapter 22
(Infectious Diseases Surveillance Information Sys-
tem (ISIS) in the Netherlands: development and
implementation).

International surveillance systems

Although most surveillance systems are main-
tained by public health agencies within a given
country, cooperation between countries have sup-
ported surveillance on a supranational and global
scale. The international mandates of the IHR, as
they apply to a small subset of exceptional dis-
eases, have been discussed. An example of col-
laborative laboratory-based European surveillance
is the European Antimicrobial Resistance Surveil-
lance System (EARSS), which monitors seven ma-
jor bacterial pathogens from 800 public health
laboratories serving over 1300 hospitals in 31
European countries. EARSS was used to charac-
terize methicillin-resistant S. aureus (MRSA) in
participating European countries: during 1999–
2000, MRSA prevalence varied from <1% of S.
aureus isolates in northern Europe to >40% in
southern and western Europe [34]. Facilitated by
WHO, Global Salm-Surv is an example of an
even larger global collaborative surveillance sys-
tem. Five years after initiation, laboratories in
142 countries are sharing data on over 1 mil-
lion Salmonella isolates, including 100,000 isolates
from animals [35]. The WHO Global Influenza
Surveillance Network, a network between 87 coun-
tries, is another example and is further described in
Chapter 19.

Active surveillance

A misnomer used in describing surveillance is the
term “passive” as this suggests minimal effort on
anyone’s part. Customarily, the intent of labeling
some surveillance systems as “passive” and others
as “active” is to distinguish the intensity of pub-
lic health agency’s effort in finding and investigat-
ing cases. State-mandated disease reporting systems
in the US, while obviously relying on healthcare-
provider energies, generally involve minimal pub-
lic health effort to solicit case reports and thus are
described as “passive.” Underreporting is a major
limitation of this type of surveillance data. It is also
true that no surveillance system should be entirely
“passive,” even from the point of view of the public
health agency, as regular communication and feed-
back to healthcare providers are necessary.

By contrast, “active” surveillance involves inten-
sive public health involvement to seek reports of
all diagnosed cases of a subset of reportable dis-
eases, at least within defined regions, and to ob-
tain additional epidemiologic and clinical informa-
tion that may be missing from standard case re-
ports. In actual practice, the distinction between
both active and passive surveillance is not always
so clear. An example is “enhanced passive” surveil-
lance in which providers are actively solicited to
assist in the identification of cases for a short-term
surveillance study. For detailed discussions on ac-
tive, population-based surveillance, including the
Active Bacterial Core surveillance (ABCs) in the US
and the Emerging Infections Program Network in
Thailand, see Chapter 3 (Population-based active
surveillance for emerging infectious diseases).

The Foodborne Disease Surveillance Network
(FoodNET) established by the US CDC in col-
laboration with the US Department of Agricul-
ture and the US Food and Drug Administration,
and participating US Emerging Infection Program
sites, is an active, laboratory-based surveillance
program for foodborne pathogens [36]. Typically,
only a small fraction of foodborne illnesses are
reported to public health authorities, and often
they lack accurate epidemiologic information (e.g.,
specific attributed causes, outcomes). To overcome
these limitations, FoodNET investigators contact
participating laboratories regularly to comprehen-
sively identify all laboratory-confirmed cases of
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Salmonella, Shigella, Campylobacter, E. coli O157,
Listeria monocytogenes, Yersinia enterocolitica,
Vibrio, Cryptosporidium, and Cyclospora among
persons in the predefined catchment area. As part of
FoodNET, dedicated resources are used to conduct
epidemiologic investigations of these cases. Discus-
sions on FoodNET’s contribution to public health
are presented in Chapter 5.

Sentinel surveillance

The intensive public health resources required to
conduct population-based active surveillance are
often not readily available; as an alternative strat-
egy, sentinel surveillance involves collection of data
from only a “sentinel” or subset of a larger popula-
tion. The strategy of focusing only on a small pop-
ulation subset can be conceived as a type of “sam-
pling.” However, to be able to generalize these data
to larger populations, it is necessary to ensure that
the sentinel population is representative and that
the sentinel data are linked to denominator infor-
mation on a predefined population under surveil-
lance (see discussion in Chapter 15, Surveillance for
viral hepatitis in Europe).

The Gonococcal Isolate Surveillance Project
systematically monitors antimicrobial resistance
among Neisseria gonorroheae isolates collected
from 25 to 30 sentinel US cities—antimicrobial
susceptibility testing is performed on the first 25
isolates per month from male patients with gono-
coccal urethritis. In some states, rising resistance
documented by this surveillance system has con-
tributed to recommendations that fluoroquinolones
should not be used to treat gonococcal infections
(see Chapter 17, Surveillance for sexually transmit-
ted diseases).

In France, a network of primary care physicians
report information, at weekly intervals, on a se-
lected group of health events that are relatively com-
mon in general practice: influenza-like illness, acute
gastroenteritis, measles, mumps, chicken pox, male
urethritis, hepatitis A, B, and C. Data are extrap-
olated to regional and national levels. The system
detects and describes the occurrence and progres-
sion of regional and national outbreaks (available
at: http://rhone.b3e.jussiue.fr/senti).

Multiple “sentinel” surveillance methods have
been used to estimate the prevalence of HIV in

Africa and other countries. A commonly used ap-
proach has been through routine HIV testing for
women presenting for antenatal care. Although sen-
tinel surveillance can be useful, unique features of
the sampled population such as contraceptive use
may prohibit generalization to other populations
[37].

Animal reservoir and vector surveillance

Because of the central role of wildlife, domestic
animals, and vectors (e.g., ticks and mosquitoes),
zoonotic diseases cannot be adequately understood
and controlled by only monitoring the disease in
human populations. With increasing recognition of
the importance of zoonotic diseases, surveillance
systems have been designed to monitor pathogens
as they circulate in various human and nonhuman
hosts. Brucellosis control in the US has been suc-
cessful because of the focus on animal health as
a way to protect human health—comprehensive
animal testing, vaccination of breeding animals,
and depopulation of affected herds (see Chapter
8, Surveillance for zoonotic diseases). Although
still requiring refinement, a major goal of surveil-
lance for West Nile virus in the US is to be able
to efficiently utilize dead bird, horse, or mosquito
surveillance data to predict areas where transmis-
sion to humans is most likely to occur and there-
fore where vector control and other prevention ef-
forts should be targeted (see West Nile virus case
study in Chapter 9, Surveillance for vector-borne
diseases).

Detection of pathogens in the environment

The identification of the fungus Cryptococcus gat-
tii in British Columbia, Canada, illustrates the use
of surveillance to detect and define an emerging
pathogen intrinsically linked to the environment.
This fungus was previously known only in tropical
and subtropical climates, but the organism emerged
around 1999 in Vancouver Island as a pathogen
in humans and domestic and wild animals. Envi-
ronmental sampling has identified the fungus on
trees, in soil, in air samples, and in water (Plate
1.1), helping to define the evolving realm of this
new pathogen [38].

12
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Use of health services and administrative data for
disease surveillance

Infectious disease surveillance systems have also in-
corporated administrative and vital statistics data
already being collected for other purposes. For
example, vital statistics data are a component of
HIV/AIDS surveillance as data are linked to iden-
tify (at-risk) infants born to women with previ-
ously reported HIV infection (see Chapter 16). To
bill for services, healthcare facilities in the US as-
sign diagnosis codes (e.g., International Classifi-
cation of Diseases, Tenth Revision (ICD-10)) to
clinical care encounters—this is a potential data
source for surveillance for a range of diseases (see
Chapter 17). Hospital admission data can also
complement routine surveillance data; in England,
hospital admission data have been used to monitor
end-stage liver disease where the underlying cause
is chronic viral hepatitis (see Chapter 15). Moni-
toring of drug utilization and drug sales may be an
indirect measure of disease activity. Pharmaceuti-
cal databases have been explored for a variety of
syndromic surveillance systems. At the US CDC,
where a supply of “orphan” drugs are housed for
treatment of rare diseases, increased requests for
pentamidine in the 1980s led to an investigation
of a cluster of Pneumocystis pneumonia which, in
turn, led to the first detection of AIDS in the world
[39]. Hospital administrative data are also used to
conduct surveillance for hospital-associated infec-
tions (see Chapter 13, Surveillance for nosocomial
infections).

Use of media reports for disease surveillance

The availability and speed of information transmis-
sion over the Internet have allowed development
of innovative electronic media-based surveillance
systems. For example, the Global Public Health
Intelligence Network (GPHIN) gathers, in seven
languages on a real-time, 24/7 basis, electronic
media reports of occurrence of diseases. Although
the electronically gathered information requires fur-
ther verification, GPHIN is used extensively as an
early source of outbreak information by Health
Canada, WHO, the US CDC, and others (see
Chapter 23, The Global Public Health Intelligence
Network).

Risk-factor surveillance

Although most surveillance systems focus on dis-
ease occurrences or circulation of pathogens caus-
ing disease, unique surveillance systems have
focused on behaviors that pose risk for specific dis-
eases. For example, the US National HIV Behav-
ioral Surveillance system includes interviews of a
sample of persons to assess the prevalence of sex-
ual behaviors, drug use, and testing history for other
sexually transmitted infections [40]. Data from this
system examine the front end of the HIV/AIDS epi-
demic and may guide and assess prevention pro-
grams (see Chapter 29, Analysis and interpretation
of case-based HIV/AIDS surveillance data). Sim-
ilarly, Youth Risk Behavior Survey measures the
prevalence of health-risk behaviors among adoles-
cents through self-administered, school-based sur-
veys. Reports of sex without condoms and sex as-
sociated with drug and alcohol use are among the
data collected [41] (see Chapter 17).

Use of computer algorithms to conduct surveillance

A few surveillance systems have been developed
that employ computer algorithms to screen elec-
tronic data sources for disease cases and apply auto-
mated statistical methods to assess data trends and
changes in case activity. For example, a component
of the Infectious Diseases Surveillance and Infor-
mation System (ISIS) in the Netherlands runs auto-
mated algorithms on electronically-transmitted lab-
oratory data to identify selected cases of public
health interest (e.g., new positive Neisseria gon-
orrhea test results). Automated time-series analy-
ses process these and other surveillance data to
detect variations from expected rates; statistically
significant changes automatically generate and dis-
tribute alerts (see Chapter 22). Syndromic surveil-
lance systems use automated data extraction and
analyses methods to detect aberrations from ex-
pected levels of various syndromes (see Chapter 26,
Implementing syndromic surveillance systems in
the climate of bioterrorism, for further discussion).
Chapter 23 describes use of automated algorithms
to scan 20,000 electronic news media sources for
early reports of outbreaks around the world. Al-
though these systems exhibit the powerful capacity
of technologies to automatically process enormous
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quantities of data, humans must still verify, in-
vestigate, and prioritize these reports. Research is
needed to refine these automated data processing
systems and capitalize on their strengths.

Surveillance collaborations with
partners outside traditional human
public health systems

As illustrated by the broad variety of infectious dis-
ease surveillance systems, diverse sources of infor-
mation can be utilized. The development of these
systems relies upon new collaborations between hu-
man public health agencies and nontraditional part-
ners. For example, domestic and wildlife animal
health agencies have traditionally acted as separate
entities apart from human health agencies. How-
ever, the increasing recognition of the importance
of zoonotic diseases to human health has encour-
aged innovative collaborations. When West Nile
virus emerged in the US, public health officials who
customarily focused only on human diseases began
forging collaborations with entomologists, veteri-
narians, and wildlife oversight agencies [42]. Hu-
man health agencies often do not have these di-
versely skilled personnel, but instead depend upon
common goals and national agendas to facilitate
collaborations.

In broad terms, surveillance requires consulta-
tions with legal partners to interpret laws as they
relate to public health activities, for example, en-
suring maintenance of patient confidentiality dur-
ing collection of electronic data (see Chapter 35,
Part 1, Legal basis for infectious disease surveil-
lance and control). The need for review of public
health surveillance practices from an ethicist’s per-
spective is discussed in Chapter 34 (Ethical con-
siderations in infectious disease surveillance). As
described in Chapter 11 (Surveillance for unex-
plained infectious disease related deaths), medi-
cal examiners have the authority to investigate
sudden, unattended, and unexplained deaths. Al-
though the focus of these investigations has tradi-
tionally been on intentional or accidental deaths,
public health agencies have collaborated with med-
ical examiners to systematize specimen collection
and diagnostic testing relevant for detection of re-
portable, emerging, or bioterrorism-related infec-

tious diseases. Chapter 10 (Surveillance for agents
of bioterrorism in the United States) also discusses
collaboration with regional poison control centers
in monitoring suspicious reports.

Syndromic surveillance systems use a variety of
nontraditional data sources (e.g., employee absen-
teeism data, emergency department admission diag-
noses). This has led to collaborations with academic
institutions, healthcare institutions, and private sec-
tor IT specialists. Chapter 26 discusses some of the
potential challenges faced in these collaborations,
particularly in the investigation of surveillance data
collected outside of public health jurisdictions (e.g.,
information not related to reportable diseases).

Today’s increasingly complex surveillance sys-
tems require advanced data analysis and data
management support. To adjust for missing data,
account for confounders through multivariate mod-
eling, and formally assess trends and clusters that
may necessitate input from individuals with ad-
vanced training in biostatistics. Chapter 27 (Infor-
matics and software applications for data analy-
ses) and Chapter 28 (Analyses and interpretation
of reportable infectious disease data) provide back-
ground on common software applications and an-
alytic methods used in surveillance. Chapter 29 in-
troduces issues in analysis and interpretation of
case-based HIV/AIDS surveillance data. Collabora-
tions with IT specialists have become essential and,
for example, have enabled practical use of the In-
ternet, ranging from posting practical disease re-
porting and surveillance information on the Web
to development of Web-based means for reporting
(see Chapter 21). Close collaborations between IT
experts, stakeholders, and end users are critical in
all phases of system design and testing to ensure
the viability of these potentially multimillion dollar
projects.

In the US and elsewhere, surveillance is not a
wholly government function. For example, at their
own cost, private hospital laboratories transmit
large amounts of reportable disease information
to health departments. Chapter 38 (Public–private
partnerships in infectious disease surveillance)
details the expanding role of the private sec-
tor in surveillance. Another example of public–
private partnership is the US Vaccine Adverse
Events Reporting System. While federal public
health agencies set programmatic objectives and
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provide technical oversight, the for-profit Constella
Group is contracted to support this surveillance sys-
tem’s data collection processes [43]. These types of
“mixed model” partnerships may be able to harness
private-sector energy and efficiency while remain-
ing faithful to public health objectives.

Challenges and promises for the future
of infectious disease surveillance

Progress in development of surveillance systems
supports advances in disease prevention and con-
trol. However, public health challenges in surveil-
lance and disease control continue to be faced
around the globe. Despite IHR (2005) mandates
[44], not all countries are able to devote adequate
resources to surveillance. Countries are attempt-
ing to balance using limited resources to develop
disease control and prevention programs (includ-
ing surveillance as one important component) with
the need to support struggling healthcare systems in
the treatment of diseases. It may seem that the more
pressing priority is to try to address the needs of per-
sons who are already suffering from disease, rather
than diverting resources towards surveillance and
disease prevention. This sentiment is most acutely
felt when countries cannot, because of lack of suf-
ficiently trained workforces, maximize the benefits
of surveillance and constructively use surveillance
data for long-term disease prevention and control.

The gap between data collection and effective use
of data for disease control and prevention is among
the most formidable challenges faced by surveil-
lance programs. An unfortunate reality of public
health surveillance is that substantial efforts are
spent on collection of data while sufficient resources
are often not expended on timely dissemination and
constructive use of the information. If these data
are not appropriately analyzed, disseminated, and
applied, surveillance will be perceived as categori-
cally ineffective. As William Foege, former director
of the CDC once remarked, “The reason for col-
lecting, analyzing, and disseminating information
on a disease is to control that disease. Collection
and analysis should not be allowed to consume re-
sources if action does not follow” [45].

Public health officials need to be sufficiently
trained to be able to leverage benefits of surveil-

lance. In many countries, workforce with adequate
skills to carry out core surveillance activities includ-
ing data collection, analysis, and use of data for dis-
ease prevention and control is limited (see Chap-
ter 24, National notifiable disease surveillance in
Egypt). While much of the practice of surveillance
may be learned on the job as newly hired person-
nel begin careers in public health, selected epidemi-
ology training programs (see Chapter 36, Train-
ing in applied epidemiology and infectious disease
surveillance: contributions of the Epidemic Intelli-
gence Service, and Chapter 37, Surveillance train-
ing for Fogarty International Fellows from East-
ern Europe and Central Asia) have given special
attention to surveillance. Through formal evalua-
tions of in-use surveillance programs, EIS officers
not only begin to understand real-life surveillance,
but also bring fresh perspective to systems that
may have become stagnant. In collaboration with
many countries’ Ministries of Health, the Field Epi-
demiology (and Laboratory) Training Program and
Data for Decision Making program offer training
around the world in applied epidemiology, includ-
ing issues in surveillance (available on the CDC
Web site at: http://www.cdc.gov/descd/). Practical
training on actionable surveillance should also be
an emphasis in schools of public health and other
educational arenas.

Ongoing evaluations are repeatedly needed as a
core component of living surveillance systems. Are
components of a surveillance system operating as
effectively as possible, and if not, what changes can
be made? For an introduction to formal evalua-
tion of surveillance, see Chapter 33 (Evaluation of
surveillance systems for early epidemic detection).
Surveillance systems face the challenges of chasing
moving targets—as more is learned about the epi-
demiology of a disease, surveillance strategies must
be adapted. Emerging pathogens add further com-
plexities. Surveillance systems need to be regularly
reviewed, refined, and reenergized.

On the promising frontiers of public health,
technical advancements are assisting efforts to
improve surveillance systems. Examples include
sophisticated IT instruments mentioned previously.
Molecular fingerprinting has the capacity to im-
prove epidemiologic understanding of links be-
tween human cases, management of outbreaks,
and links to animal reservoirs (see Chapter 30,
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Use of molecular epidemiology in infectious dis-
ease surveillance). In the future, geographic infor-
mation systems may hold new promises (see Chap-
ter 31, Use of geographic information systems and
remote sensing for infectious disease surveillance)
to analyze multiple layers of geographical, ecologi-
cal, and climatic information to assist in prediction
of zoonotic and other diseases linked with the en-
vironment. New tools to enhance infectious disease
surveillance continue to be developed; how to opti-
mize the use of both old and new surveillance tools
to inform disease prevention and control remains
both an ongoing challenge and an opportunity.
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