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Introduction to Public Health Surveillance

The stakeout is on-going. The de-
voted epidemiologist stays up all
night waiting, watching, hoping the
dread disease will poke its nose out
of its apartment and dart down the
street. If this happens, the epide-
miologist will be hot on its tracks,
ready to catch the disease in the
act of taking out another victim. Is
that how your health department
conducts surveillance?

Surveillance is one of the most im-
portant tasks of an epidemiologist.
But while most public health profes-
sionals know what surveillance is,
few know how to actually conduct
surveillance. Moreover, very little
has been written for those who wish
to learn more about surveillance.
This issue of FOCUS is therefore
designed for persons who need to
carry out surveillance activities but
have little prior experience or train-
ing. It should also be helpful for
people who may not perform sur-
veillance, but would like to better
understand the process and rea-
soning behind surveillance meth-
ods and interpretation.

What Is Surveillance and Why Is It
Important?

Before discussing how to conduct
surveillance, let’s briefly review
what it is and what its uses are.

According the Centers for Disease
Control and Prevention (CDC), epi-
demiologic surveillance is “the on-
going systematic collection, analy-
sis, and interpretation of health

data essential to the planning, imple-
mentation, and evaluation of public
health practice, closely integrated with
the timely dissemination of these data
to those who need to know.” (1)

It is important to note that collecting
data is merely one step in carrying out
surveillance. A critical goal of surveil-
lance is to control and/or prevent dis-
eases. Therefore, any data collected
must be organized and carefully ex-
amined, and any results need to be
communicated to the public health
and medical communities. [t is vital
to communicate results during a po-
tential outbreak so that the public
health and medical communities can
help with disease prevention and con-
trol efforts, but it is also important
during non-outbreak times to provide
information about baseline levels of
disease. These baseline measure-
ments provide important information
to public health officials in monitoring
health at a community level and serve
as important references in any future
outbreaks.

Surveillance systems are classified as
passive or active. Passive surveil-
lance occurs when local and state
health departments rely on health
care providers or laboratories to re-
port cases of disease. The primary
advantage of passive surveillance is
its efficiency: it is simple and requires
relatively few resources. The disad-
vantage is the possibility of incom-
plete data due to underreporting. The
majority of public health surveillance
systems are passive, but in some
situations it is preferable to conduct
active surveillance.
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Active surveillance occurs when the health department
contacts health care providers or laboratories requesting
information about conditions or diseases to identify possi-
ble cases. This method requires more resources than
passive surveillance, but is especially useful when it is
important to identify all cases. For example, between
2002 and 2005, active surveillance was used to detect

adverse events associated with the smallpox vaccine. (2)

Surveillance information has many uses, including moni-
toring disease trends, describing the natural history of
diseases, identifying epidemics or new syndromes, moni-
toring changes in infectious agents, identifying areas for
research, evaluating hypotheses, planning public health
policy, and evaluating public health policy and interven-
tions.

Examples of important ways that surveillance data has

been used include:

o Evaluating the impact of national vaccination cam-
paigns;

e Identifying AIDS when it was a previously unknown
syndrome;

e Estimating the impact of AIDS on the US health care
system in the 1990s (by using mathematical models
based on surveillance data);

e |dentifying outbreaks of rubella and congenital ru-
bella among Amish and Mennonite communities in 6
states in 1990 and 1991; (3) and

e Monitoring obesity, physical activity, and other fac-
tors that are important indicators for chronic dis-
eases such as diabetes.

How to Conduct Surveillance

Surveillance data allow the description and comparison
of patterns of disease by person, place, and time. There
are several ways to describe and compare these pat-
terns, ranging from straightforward presentations to sta-
tistically complex analyses. In this FOCUS issue, we will
concentrate on simple techniques.

Person

When available, demographic characteristics such as
gender, age, race/ethnicity, occupation, education level,
socio-economic status, sexual orientation, or immuniza-
tion status can reveal important disease trends. For ex-
ample, in looking at Streptococcus pneumoniae, a com-
mon cause of community-acquired pneumonia and bacte-
rial meningitis, examining the distribution of cases by
race provides important information about the burden of
disease in different populations.
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Table 1 shows data collected on Streptococcus pneumo-
niae from the CDC Emerging Infections Program Network,
a surveillance program that collects data from multiple

counties in 10 different US states. (4)

These data show that the majority of the cases reported
were among whites. However, we can draw only limited
conclusions from these
data because race was not
recorded for 684 of the

Table 1. Reported cases of
Streptococcus pneumoniae by

race, 2006 (4)

cases (15%). Furthermore,
inferences about the inci-

Race Number gl
: dence of S. pneumoniae in
White 2,614 different racial groups
Black 1,095 oould_ not be made_ based
on this table even if there
Other 213 were race information for

all cases, because the ta-
ble shows only the number
of reported cases, not the
rate of reported cases. The total number of individuals by
race would be needed to determine whether or not there is
a disproportionate burden of disease among whites or

blacks.

Now let’s look at the same data (Table 2) when 2006

population estimates of the total number of persons in
each racial category
were used to calcu-

late disease rates. (4)

Unknown race (n=684) distrib-
uted among knowns

Table 2. Rates of invasive pneumo-
coccal disease by race, 2006

While Table 1 showed Race Number Rate*
that whites had the White 2614 11.8
highest number of

cases, Table 2 indi- Black 1,095 25.1
cates that the _rate of Other 213 158
disease was highest

*Cases per 100,000 population of
surveillance areas

among blacks. Using
rates and stratifying
by race thus provides
important information about disease burden in different
populations that would not be apparent by just looking at
total case numbers.

Rates— A rate is “an expression of the frequency with
which an event occurs in a defined population.” In
epidemiology, using rates rather than raw numbers is
essential to compare different classes of persons or
populations at different times or places. (5)

Rate = number of events in a specified period
average population during the period
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Place

When examining surveillance data by place, it is best to
characterize cases by place of exposure rather than by
the place at which cases are reported, since the two may
differ and the place of exposure is more relevant to the

epidemiology of a disease.

For example, travelers on a cruise ship may have been
exposed to a disease just prior to disembarking but may
not become symptomatic and be diagnosed until they
return to their various home locations. Or a person may
have been exposed to disease in his small rural town but
is referred to a tertiary care center 100 miles away,
where the disease is diagnosed and reported. In both of
these examples, the place of exposure, rather than the
place of diagnosis and reporting, is the important factor

for monitoring and tracking disease events.

Data by geographic location can be presented in a table,
but it may also be helpful to use maps to facilitate recog-
nition of spatial associations in the data. (See FOCUS
Volume 5, Issue 2: Mapping for Surveillance and Out-
break Investigation for a discussion of maps and visual
presentation of information.) Inferential analysis can also
be done using multilevel modeling and other statistical
methods. Modeling of surveillance data by place is be-
yond the scope of this FOCUS issue, but resources for
obtaining further information on this topic are listed in

the “Resources” section below.

Maps on which a dot or symbol marks a case of disease
are called spot maps. These maps can be made by indi-
cating the exposure locations of reported cases of dis-
ease on a hard copy of a map with pins or a colored pen
or with geographic information systems (GIS). GIS are
computer programs designed for storing, manipulating,
analyzing, and displaying data in a geographic context.
GIS can be very useful for mapping surveillance data by
place. Epi Map, which is part of Epi Info™, is one GIS pro-
gram that can be downloaded for free at http://
www.cdc.gov/epiinfo to assist with map making.

Resources:
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Figure 1 is an example of a spot map used to show the
geographic spread of cases in a 1995 outbreak of
toxoplasmosis thought to be associated with a municipal

water system in British Columbia, Canada. (5)

Spot maps are helpful in showing the geographic distribu-
tion of cases, but since population size at each location
on the map is not taken into account, this method should
not be used to assess disease risk.

Figure 1. Computer-generated spot map showing outbreak-
related cases of toxoplasmosis in Vancouver Island, British
Columbia, Canada, 1995 (6)

Legend

o Outbreak Related Case

— Area served by
Humpback Reservolr

Centers for Disease Control and Prevention. Resources for creating public health maps. http://www.cdc.gov,
epiinfo/maps.htm. Updated August 14, 2008. Accessed August 22, 2008.

Clarke KC, McLafferty SL, Tempalski BJ. On epidemiology and geographic information systems: A review and
discussion of future directions. Emerg Infect Dis. 1996; 2(2):85-92.
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Time

An easy way to examine surveillance data by time is to
describe the distribution of cases over time, and compare
the number of cases reported in a particular time period
of interest (e.g., weeks, months, years) to the number of
cases reported during a similar historical period. Since
there is usually a delay (sometimes a long delay of
months to years) between disease onset and the date
when a disease is reported, it is preferable to use the

date of onset, if available, rather than the date of report.

Line graphs are useful for presenting surveillance data by
time, and they are especially helpful for examining data
that are not likely to have much short term variation (for
example, there is limited variation in the number of AIDS
cases reported each month). Line graphs provide valu-
able qualitative information; disease outbreaks are often
obvious from visual inspection of the data and may not

require a quantitative analysis.

Figure 4 gives an example of this method using fabri-
cated data. It shows the number of reported cases of
Salmonella typhimurium for 2-year time intervals from
1974 to -2002. The spike in 1994 indicating an out-
break of S. typhimurium is obvious without quantitative
analysis.

If the data are available, a line graph may be used to plot
incidence rates for a time period of interest. An incidence
rate is the number of new cases of a disease that occur
during a specified time interval in a population at risk for
developing the disease. For surveillance purposes, the

Figure 4. Salmonella typhimurium: reported isolates by year
(fictitious), 1974-2002
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number of new cases of disease that are reported may be
used as a proxy for overall disease occurrence. Often this

value is multiplied by 1,000 or 100,000 to improve inter-

pretability.

Reporting incidence rates rather than numbers is particu-
larly important if the population has changed in size or
characteristics (e.g., the addition of towns to a surveillance
region has increased population size, or an influx of migrant
workers has significantly changed the demographics).

Standardization

One issue that arises when using rates in the context of
surveillance is standardization. As noted above, a rate is
made up of a numerator and a denominator. Surveillance
data are often numerator data (the number of cases re-
ported in a specific time period), but the utility of these raw
numbers is limited because they do not take into account
the size of the population or the distribution of demographic
factors such as age or gender.

Rates allow for more meaningful comparisons of disease
experience over time within a population, among subpopu-
lations, or between populations because rates take into
account the size of the population and the time period in-
volved. (3)

Crude rates are often calculated using surveillance data. A
crude rate is the number of events of interest (such as re-
ported cases of disease) for a specific period of time for the
entire population. It is only appropriate to compare crude
rates if populations are similar with respect to factors re-
lated to the disease of interest, such as age, gender, or
race. For example, it would be inappropriate to compare
the rate of prostate cancer in a population that had a high
proportion of elderly men with the rate in another popula-
tion that contained mostly young men, since the risk of
prostate cancer increases with age.

Standardization is a method that is used to remove the ef-
fects of differences in confounding variables such as age
when comparing two or more populations. Standardization
results in adjusted rates, and is particularly useful when
comparing rates in different populations (e.g., comparing
state data to national data) when comparison of crude
rates may be misleading if the populations differ on key
variables.

Several techniques are used for standardization; the most
common of these uses weighted average rates specific to
potential confounding variables, based on specified distri-
bution of the variables. (5) However, a detailed discussion
of standardization methods is outside the scope of this FO-
CUS issue.
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Data Presentation

As noted at the beginning of this issue, once data have
been collected and organized, it is important to share any
results with the public health and medical communities.
This means that surveillance data must be presented in a
way that is easy to understand and interpret.

There are many different ways of displaying surveillance
data. Line graphs are useful for displaying data by time,
while maps are useful for presenting data in a geographic
context. Other ways of presenting surveillance data in-
clude graphical displays such as histograms, frequency
polygons, box plots, scatter diagrams, bar charts, pie
charts, or stem-and-leaf displays; spot or chloropleth
maps; and single/multivariable tables. (3) The choice of a
particular graph or table depends on the type of data, but
the presentation should be simple and easy to follow.

Figure 5. Guidelines for developing tables and graphs (3)

] Page 5

When developing graphs, tables, or maps for presentation,
you should provide all the information necessary to inter-
pret the figure without referring to the text. This includes a
concise title that describes the subject or disease and the
time and place, when relevant. Additional guidelines for
tables and graphs are shown in Figure 5. You should also
define any abbreviations or symbols and note any data
exclusions. (3)

Conclusion

Surveillance is a valuable epidemiologic tool that can
serve many purposes. When surveillance data is col-
lected, analyzed, interpreted, and reported appropriately,
these data can provide important information about dis-

ease patterns to inform public health practice and policy.

Provide units of measure

Include concise descriptive title

-~
Table 1. Number and percentage of AIDS cas

e,é/am\mg adults by race and sex-U.S., 1994

Label rows and Men /‘Nﬂmen\\ Total
columns Race N % N % N %
White 29,910 45.6 3,148 38 32,088 415
Black 22,838 34.8 8,016 627 30,854 38.7
Hispanic 12,016 18.3 2,814 26 14,830 18.6
Include row/column  Other 792 1.1 0.7 793 24.1
totals — Total 65,556 14,069 78,535

Include concise descriptive title
I

Include legend

Choose
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