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Introduction
The roots of modern public health surveillance took hold in 17th century Europe (1), but the seed for
CDC's role as America's national agency for collecting, analyzing, interpreting, and using data to
protect the public's health was firmly planted only in 1961, when the Morbidity and Mortality Weekly
Report (MMWR) was transferred to what was then the Communicable Disease Center (CDC; now the
Centers for Disease Control and Prevention) (2). The advent of MMWR at CDC marked the beginning
of CDC's responsibility for aggregating and publishing data weekly on nationally notifiable diseases
and publishing the data annually in MMWR's Summary of Notifiable Diseases, United States.

The Beginnings of Modern Public Health Surveillance in the United
States
In its earliest incarnation in the United States, surveillance took the form of morbidity reporting. By
1925, the year all states began reporting regularly, the expectations were limited to collecting,
compiling, and publishing statistics in weekly reports. By the 1950s, however, simply compiling and
reporting statistics clearly was insufficient to alleviate disease threats, and the National Surveillance
Program was started. That program and the Malaria Surveillance Program, which had started 2 years
earlier, were based on the notion that effective disease control cannot occur without implementing
new ideas and expanding use of data collected (3).
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Nowhere was the idea of connecting public health surveillance data directly to public health action
more successful than during the 13-year global effort to eradicate smallpox. During 1966--1978, the
initial tools for eradication were public education and mass vaccination. When the disease returned in
some areas thought to have reached elimination, timely, complete surveillance and ring vaccination
(i.e., administering vaccine to persons in close contact with an infected patient) enabled the program
to turn the corner on eradication (4).

Effective national disease surveillance was an idea that captured the imagination of Alexander D.
Langmuir, CDC's chief epidemiologist for 23 years. In 1963, in his sentinel paper published in the
New England Journal of Medicine (5), Langmuir separated the discipline of surveillance from the
other activities of public health and emphasized the importance of systematic collection of pertinent
data, consolidation and analysis of these data into useful information, and dissemination of results to
persons who need to know and can take action. These concepts were argued convincingly to the
World Health Assembly as the approach for monitoring communicable and noncommunicable health
events; subsequently, surveillance systems were developed, and findings from these systems were
highlighted in a special issue (volume 5, number 1) of the International Journal of Epidemiology in
1976.

During the 50 years since Langmuir published his concept of public health surveillance,
developments in four areas have changed the field: 1) national coordination, 2) technology and
informatics, 3) expansion beyond communicable diseases, and 4) methodologic development.
Through these, however, the core definition and integrity of surveillance practice have remained
unchanged.

National Coordination of Public Health Surveillance
The United States Constitution leaves responsibility for public health practice primarily to the states
as part of their police powers (6). The federal government, however, retains important roles. A major
role in public health surveillance for CDC is to provide the national epidemiologic profile, through
aggregation of surveillance data provided by the states, for the most important diseases and
conditions. Having accurate and useful data requires that surveillance methods be coordinated across
the 50 states and other independent jurisdictions that conduct data collection. Coordination includes
establishment of consistent case definitions, collection methods, and population coverage; it requires
that the data be deduplicated to avoid inaccurate counting and that additional case information be
matched accurately to avoid data errors.

Recognition of the federal role in surveillance led to considerable work during the 1970s and 1980s,
when national coordination became a major emphasis for public health surveillance. CDC and the
Council of State and Territorial Epidemiologists (CSTE), initially convened by CDC as the Conference
of State and Territorial Epidemiologists in 1952 to bring states together to address shared concerns
regarding public health, annually spent hours in consultations and symposia working on ways to
coordinate public health surveillance. A report released in 1977 (J.L. Gale, Surveillance data: quality,
use and effect on public health divisions in local and state health departments, unpublished report,
1977) called for national surveillance activity coordination at CDC. A year later, in 1978, the
Consolidated Surveillance and Communications Activity was established to respond to the
recommendations of Gale's report. These activities fostered a new emphasis on the scientific bases of
surveillance, including the introduction of new statistical methods (e.g., time-series analysis),
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formation of the Surveillance Coordination Group that included the major CDC programs and CSTE,
and introduction of changes to the MMWR weekly and Annual Summary of Notifiable Diseases.
These activities also led to the first comprehensive CDC plan for public health surveillance, which was
created in conjunction with state partners and CSTE and appeared in 1985 (3). The plan was designed
to be flexible, with quick and easy updating, done simply by the click of a three-ring binder and
removal and reinsertion of paper copies of critical sections. This document started with a surveillance
definition that expanded the one formulated by Langmuir and was agreed on by leaders of all
programs at CDC, both infectious and noninfectious diseases, and by CSTE. The plan emphasized the
importance of consistency in the seven steps that are now recognized as part of any surveillance
system: 1) system design, 2) data collection, 3) collation, 4) analysis, 5) interpretation, 6)
dissemination/communication, and 7) application to program.

National coordination of these steps was implemented in the mid-1980s, when the most complex and
well-funded national surveillance system ever created in the United States began to track cases of a
new devastating immune-compromising disease, acquired immunodeficiency syndrome (AIDS).
What eventually became the National HIV/AIDS Surveillance System (7) began with great
forethought and consideration of the utility and applicability of the data collected at the national and
state levels. From the start, all cases reported to the system were subject to the same case definition
(8), and changes to the case definition (9) went into effect uniformly on the same date in every state.
The same data elements were collected on the same case report form in all states and reported by
using the same software. A system of deduplication activities to ensure accurate case counting was
implemented early and included two key tools. The first tool emanated from a CSTE resolution (10)
and permitted cross-state communication of case information among the 50 states allowing public
health surveillance personnel to establish whether similar-looking cases were the same individual
reported more than once to the system. The second tool was special statistical programming
conducted on the national database to search for possible duplicates (11). This coordination continues
today in the National HIV/AIDS Surveillance System. Similar coordinated case reporting exists for
other nationally notifiable diseases (e.g., tuberculosis).

Today, public health surveillance remains an activity of the states, but CDC continues to carry out its
national role by coordinating national public health surveillance activities with the states, CSTE, and
other partners, including the Association of State and Territorial Health Officers, the National
Association of City and County Health Officers, the Association of Public Health Laboratories, the
National Association for Public Health Statistics and Information Systems, and the World Health
Organization (WHO). In 2009, these partners came together with CDC to discuss challenges and a
new vision for the future of public health surveillance in the 21st century.

Technology, Informatics, and Public Health Surveillance
Technologic advances began to improve the timeliness and accuracy of public health surveillance in
1961 when CDC implemented weekly telegraphic reporting by states for cases of notifiable diseases.
This technology remained state of the art until 1975, when telephone reporting of nationally notifiable
diseases began. In 1981, in addition to routine postcard reporting, telephone reporting began
including interactive data transfer to a computer of the aggregate numbers for publication in MMWR.
In 1984, CDC and six states piloted the Epidemiologic Surveillance Project (ESP), which
experimented with electronic transfer of individual, de-identified case record data to CDC. By 1989,
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all 50 states and selected territories were participating in the National Electronic
Telecommunications System for Surveillance (NETSS), which still exists for data transfer of the
majority of nationally notifiable diseases. This leap forward allowed unprecedented reductions in
counting and transcription errors and began the ability to remove human error in several of the
ongoing, systematic steps in a surveillance system (Figure).

Today, the role of public health informatics and information technology in public health surveillance
is twofold: 1) to improve timeliness and completeness of data collection and analysis and 2) to free
human resources to focus on the areas that require the most creative thought and to do the work that
technology cannot. The idealized mix of technologic and human inputs into a public health
surveillance system are illustrated in this report (Figure). With effective informatics tools, automated
data systems can reach into electronic health records and extract data for public health surveillance,
relieving the time-consuming and expensive "shoe-leather" data collection of chart reviews, paper
forms, and morbidity cards that have characterized traditional reporting. Health information
exchanges, which mobilize health information electronically across organizations within a
jurisdiction, will provide a timely, efficient, and accurate means of data exchange and are an example
of an informatics tool that holds considerable promise for public health.

During spring 1995, the CDC/ATSDR Steering Committee on Public Health Information and
Surveillance System Development promulgated a blueprint for the agency's highest priority objective:
the creation of integrated public health information and surveillance systems (12). The Steering
Committee, comprising representatives from all centers, the institute, and offices at CDC, anticipated
the impact of health reform and accompanying data collection and storage reforms and responded
with sweeping recommendations for an integrated information and surveillance system. The
blueprint envisioned coordinating the disparate and fragmented existing CDC surveillance systems to
enhance functionality and efficiency. The purpose was to minimize the need for separate systems
while maximizing the analytic value of the data for public health action. However, attaining a
meaningful integrated information and surveillance system has proven more challenging than
anticipated. Efforts continue to realize a fully functional integrated electronic health information
system that begins at the clinical encounter and seamlessly connects through the ongoing activities of
public health surveillance, with federal investments in electronic health records (13). Ensuring,
through "meaningful use" requirements (14), that public health is at the collective table in formulating
the requirements for software development is critical for the future of public health surveillance.

Electronic algorithms that collate data from disparate sources are critical to improving accuracy and
timeliness as person-based surveillance records are connected across time. This is especially
important in registry-based surveillance systems (e.g., HIV [7] and cancer [15]) where connecting
subsequent events to the correct case is essential for accurate analyses. Using consistent statistical
programs across jurisdictions and across time allows for timely and comparable analyses, which
increasingly are important as the demands on public health surveillance data increase (e.g.,
distribution of resources according to disease burden, or support of public health program spending
based on evidence of outcomes). In addition, new computer programs and applications can help
public health programs better disseminate and communicate surveillance results. For example, they
can help create understandable and interactive graphical representations of surveillance data that can
tell stories to different audiences, including those untrained in health or public health (e.g.,
policymakers and the general public). Reaching such audiences is a critical step for using surveillance
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information for action, the last defining step of a public health surveillance system.

Technology assists public health practitioners by spreading information for action quickly and
broadly, reaching program partners and others responsible for action. An example occurred at the
start of the severe acute respiratory syndrome (SARS) epidemic in 2003, when the need for a
practical, consistent case-finding tool quickly became evident. The Milwaukee Health Department
was able to adapt an innovative informatics tool called the Regional Emergency Medical Internet
(REMI) to help find and triage SARS cases. The tool was implemented rapidly and inexpensively in 27
hospital emergency departments (EDs) within 3 days after pilot-testing in a single Milwaukee hospital
(16). REMI had been designed originally to assist EDs communicate when they must divert
ambulances and had been adapted by the health department into a multi-ED surveillance system to
tackle different syndromic illnesses, from heat-related syndromes to potential biologic terrorism
occurrences during international sporting events (17). Another example of rapid, innovative
adaptation of surveillance technology occurred during the 2010 Deepwater Horizon oil spill. CDC's
BioSense syndromic surveillance system was used to help the five affected Gulf states monitor the
health (including mental health) of affected populations after the spill. With a daily report from 86
coastal health-care facilities, BioSense assisted with ongoing, up-to-the-day evaluation of possible
health concerns (18).

Continued use of public health informatics promises more efficiencies in public health surveillance.
As time and mental energy are freed for the surveillance scientist to focus on developing and
improving systems and applying evidence to program implementation, usefulness of public health
surveillance will continue to increase.

Expansion of Public Health Surveillance beyond Communicable Diseases
Until 1970, the "CDC" acronym stood for the Communicable Disease Center, indicating the strict
focus of CDC on prevention and control of communicable diseases. In 1970, the agency's name was
changed to the Center for Disease Control; then in 1980, to the Centers for Disease Control; and
finally, in 1992, to the Centers for Disease Control and Prevention. The name change in 1970 signaled
an expansion of CDC's mission to include prevention of unnecessary illness and premature death
from all causes, infectious and noninfectious. The focus of CDC's activities broadened to include
prevention of the major chronic conditions, including heart disease, cancer, stroke, and unintentional
injury, and their associated risk behaviors (e.g., smoking, sedentary lifestyle, inadequate nutrition,
and use of passenger restraints). In 1984, a total of 15 states and CDC began collecting information
monthly about risk behaviors related to the leading causes of death through the Behavioral Risk
Factor Surveillance System (19). In addition, CDC and its surveillance partners began communicating
findings for action, including descriptions of the new surveillance systems for injury (20), chronic
diseases (21), and environmental health tracking (22). MMWR, seeking a way to standardize
reporting of data from the increasing number and types of surveillance systems and condition-specific
surveillance reports, began publishing a new series called CDC Surveillance Summaries in 1983,
which continues today. The first issue of CDC Surveillance Summaries contained reports on multiple
topics, including summer mortality from selected cities and counties as reported by medical
examiners, temporal trends in malformation incidence reported to the birth defects monitoring
program, and psittacosis cases in the United States in 1979 (23).

After the events surrounding September 11, 2001, interest increased in using surveillance methods to
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detect unusual health events that might indicate public health emergencies: naturally occurring or
human-made. Three outgrowths of public health surveillance came from this. The first, syndromic
surveillance, is defined as the ongoing, systematic collection, analysis, interpretation, and application
of real-time (or near--real-time) indicators for diseases and outbreaks that allow for their detection
before public health authorities otherwise note them (24). Syndromic surveillance has been enhanced
by new technology and statistical methods that can help identify disease patterns that would not be
noted otherwise. The second outgrowth, biosurveillance, stemmed from a 2007 U.S. homeland
security presidential directive that addressed activities beyond the scope of public health surveillance
to include data collection for event detection, enhanced collection and analysis for event
characterization, further data collection for situation awareness, and additional data collection for
investigation and recovery activities (25). The third outgrowth was the recognition that, with modern
transportation, most of the world's populations live just one incubation period away from other
persons on the planet, and the health of one population is related to the health of others. These
developments have kept CDC closely involved in international health (see global health article in this
issue), including international public health surveillance. In 1992, CDC and WHO sponsored a 3-day
international symposium on public health surveillance. Held at the Carter Center in Atlanta, the
symposium had three goals: 1) foster an understanding of the role of public health surveillance in
reducing morbidity and mortality, 2) identify topics for further development at future meetings, and
3) bring experts together to describe a new global agenda for public health surveillance (26).

A decade later, on the heels of the SARS epidemic (27) and in the midst of threats of influenza
pandemics, revision of the International Health Regulations in 2005 (IHR 2005) and their
implementation in 2007 were crucial events for international public health surveillance and served as
a tool for countries to communicate about possible international epidemics. IHR 2005 replaced the
three notifiable diseases or pathogens listed in the original IHR, written in 1969, with a specifically
defined "public health emergency of international concern" (28). IHR 2005 requires all member
states to report a public health emergency of international concern within 24 hours. It also requires
WHO to provide guidance and technical assistance to member states to develop and strengthen public
health surveillance and response capacity. CDC participates in similar technical assistance activities,
with 35 self-sustaining programs in 20 countries in which field epidemiology and laboratory training
programs help educate local public health staff in surveillance methods as part of broader curricula
since 1980 (29).

Advancement of Surveillance Methods
Throughout the past 50 years of surveillance activities, public health surveillance scientists have been
developing methods to advance the field by coordinating methods among systems, applying advanced
technology, and expanding systems to meet the surveillance mission. Methods advancement has
occurred across the spectrum of the seven ongoing, systematic activities of a surveillance system
(Figure).

In 1986, CDC developed a comprehensive plan for what was then called epidemiologic surveillance.
This plan (30), developed by CDC's Surveillance Coordination Group, defined surveillance as follows:

The ongoing, systematic collection, analysis, and interpretation of health data is essential to the
planning, implementation, and evaluation of public health practice, closely integrated with the timely
dissemination of these data to those who need to know. The final link in the surveillance chain is the

https://www.cdc.gov/mmwr/preview/mmwrhtml/mm5211a5.htm
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application of these data to prevention and control. A surveillance system includes a functional
capacity for data collection, analysis, and dissemination linked to public health programs.

The 1986 plan included the first proposed method for evaluating a surveillance system (31), which
was the precursor to the more formal Guidelines for Evaluating Surveillance Systems published in
MMWR in 1988 (32) and its updated version, Updated Guidelines for Evaluating Public Health
Surveillance Systems published in MMWR in 2001 (33).

The definition of public health surveillance has remained stable across time, even as public health
experts have debated the purpose and meaning of surveillance. During the 1970s, Langmuir argued
that the boundaries of surveillance stopped at "epidemiologic intelligence" and that it did not
encompass all of epidemiology (e.g., investigations and research) (34). In 1988, Thacker and
Berkelman suggested a new name, public health surveillance (35), to indicate its scope and context.
In 2009, approximately 20 years after the last time the definition had been reconsidered, CDC
gathered 100 surveillance scientists to discuss special topics in public health surveillance in the 21st
century, including its definition. After careful consideration addressing the drivers of health
information in the coming century, the group recommended maintaining the existing definition of
public health surveillance because it remains applicable and flexible to accommodate public health
needs across the spectrum of topic areas. However, the group recommended incorporating explicitly
two key principles: 1) the purpose of the activity must be to address a defined public health problem
or question and 2) the public health question(s) must exist a priori, that is there must be a planned
public health purpose to the collection, storage, and use of the data.

A tenet of modern surveillance is that the utility of surveillance is determined largely by proper
analysis of the data. Herman Biggs, the 19th century physician who pioneered public health
surveillance in New York City, was known for insisting that collected data be used to improve health,
not merely to keep "adding machines" busy (36). To be useful, surveillance data must be converted
into information for public health action. Fortunately, the tools used for analysis have improved
substantially since 1961. For example, the ability to differentiate "noise" from true aberrations in the
data has been a problem keeping surveillance scientists occupied for years (37). This problem plays
out in surveillance for influenza, a public health priority since 1918 when a system was established by
the U.S. Public Health Service in 50 cities based on death certificates (and is still maintained today by
CDC in 122 cities and published weekly in MMWR). Influenza surveillance was a priority for
Langmuir, who worked with colleagues Serfling and Sherman to develop a seasonal regression model
that could help analyze influenza mortality data more precisely than previous methods based on the
moving average (38). In 1979, pneumonia and influenza data were modeled by using time-series
analyses to identify aberrations in incidence (39,40); today, other systems (e.g., anthrax [41] and
syndromic surveillance [42]) routinely use these methods to model surveillance data. Application of
epidemiologic study designs to examine efficacy of different types of surveillance methods and
approaches has also been accomplished. In the early 1980s, two innovative randomized clinical trials
evaluated active surveillance strategies compared with passive reporting. Both studies, one in
Vermont (43) and one in Monroe County, New York (44), demonstrated substantial improvements in
completeness using active surveillance strategies for communicable diseases. Differences in
improvement were observed by disease and report source, leading to the conclusion that in the
analysis of surveillance data, knowing and attending to the local context is desirable. This conclusion
remains critically important today.
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By the early 1990s, many schools of public health in the United States had begun to focus on the
science of public health surveillance, and the lack of a textbook was obvious. Until Public Health
Surveillance was published in 1992 (45) and the first edition of Principles and Practice of Public
Health Surveillance was published in 1994 (46), surveillance practitioners were able to rely only on
journal articles, consultations convened by CDC, and professional exchanges to share methodologic
advances and preferred practices. Now the Principles text is in its third edition (47), and additional
texts have been published, including one devoted to statistical principles and methods of public
health surveillance (48) and another to infectious disease surveillance (49). As the science of public
health surveillance continues to evolve and the tools of public health informatics become integral to
the work of surveillance practitioners, methods will continue to develop that enable the public health
epidemiologist to put data to use in the most effective way.

The Future of Public Health Surveillance
Evidence-based decision making in public health begins with surveillance---and the demands on
health data continue to increase. The ways of knowing about the health of a community also continue
to evolve as information technology eases the effort to collect, collate, store, analyze, and disseminate
data. The integrity of the discipline of public health surveillance has held fast for the past 50 years and
most likely will continue for the next 50 and beyond. The tools available to public health surveillance
practitioners and scientists will change as technology improves efficiency and frees practitioners to
attend to creative problem solving in such critical areas as program planning and applying data to
action. CDC will continue to evaluate its efforts and move the field forward, welcoming the
opportunities that lie ahead.
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FIGURE. Optimal balance of human and automated inputs into ongoing, systematic
public health surveillance system activities*
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* The size of the arrow indicates the relative human and automated inputs into each activity

Alternate Text: The figure is a flow chart that presents the optimal balance between human and
automated inputs into surveillance systems.

Use of trade names and commercial sources is for identification only and does not imply endorsement by the U.S.
Department of Health and Human Services. 
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