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Evaluation of a Method for Detecting Aberrations in Public 
Health Surveillance Data 
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The detection of unusual patterns in routine public health surveillance data on 
diseases and injuries presents an important challenge to health workers interested in 
early identification of epidemics or clues to important risk factors. Each week, state 
health departments report the numbers of cases of about 50 notifiable diseases to the 
Centers for Disease Control and Prevention, and these reports are published weekly in 
the Morbidity and Mortality Weekly Report. A new analytic method and a horizontal bar 
graph were introduced in July 1989 to facilitate easy identification of unusual numbers 
of reported cases. Evaluation of the statistical properties of this method indicates that 
the results are fairly robust to nonnormality and serial correlation of the data. An 
epidemiologic evaluation of the method after the first 6 months showed that it is useful 
for detection of specific types of aberrations in public health surveillance. Am J Epidemiol 
1993;137:373-80. 

epidemiologic methods; public health surveillance 

A foundation of the science of epidemi-
ology is the study of the departure of ob-
served health event experience from the 
expected occurrence (1). The detection of 
unusual patterns in reports of diseases and 
injuries presents an important challenge in 
public health surveillance. Aberrations in 
usual distributions of health event occur-
rence in different geographic areas or differ-
ent time periods may provide an early signal 
of an epidemic or important clues to the 
etiology of the disease or to specific risk 
factors for the event (2). 

A critical concept in epidemiology is the 
comparison of an observed number of dis-
ease or injury reports with what is usual or 
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normal. We use the term aberration here to 
denote changes in the occurrence of a health 
event that are statistically significant when 
compared with usual or normal history. The 
existence of an aberration is necessary, but 
not sufficient, for the occurrence of an epi-
demic; thus, false-positive findings, as well 
as false-negative results, are a concern. For 
example, the Centers for Disease Control 
and Prevention defines an excess in influ-
enza-related mortality only when the num-
ber of reported deaths due to pneumonia 
and influenza exceeds a 95 percent confi-
dence limit in the forecast for two or more 
consecutive periods (3). Definition of an 
influenza epidemic, however, requires labo-
ratory data and further epidemiologic evi-
dence of influenza-related morbidity. In-
deed, an influenza epidemic can occur in 
the absence of excess mortality. Statistical 
methods are intended for routine use by the 
public health analyst in conjunction with 
epidemiologic investigation and close com-
munication with the source of the surveil-
lance reports. 

State health departments report the num-
bers of cases of about 50 notifiable diseases 
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each week to the National Notifiable Dis-
eases Surveillance System of the Centers for 
Disease Control and Prevention. The list of 
health events is determined collaboratively 
by the Council of State and Territorial Epi-
demiologists and the Centers for Disease 
Control (4, 5). 

Each week, provisional reports are pub-
lished in the Morbidity and Mortality 
Weekly Report and are made available to 
epidemiologists, clinicians, and other public 
health professionals in a timely manner. Al-
though the tables of the Morbidity and Mor-
tality Weekly Report provide important in-
formation, the volume of data and the need 
for ease of interpretation encourage the de-
velopment of a graphic display to highlight 
unusually high or low numbers of reported 
cases. 

A new analytic and graphic method was 
developed to achieve the following objec-
tives: 1) to depict in a single comprehensible 
graph weekly reports of approximately 20 
disease totals that can be compared with past 
results; and 2) to highlight for further analy-
sis the results most likely to indicate changes  

in long-term trends or epidemics. These ob-
jectives were formulated to reflect most re-
cent behavior in as short a time period as 
possible for weekly publication, but long 
enough to provide stable results. To facilitate 
comprehension, we used the same method 
for all diseases represented graphically. 

This paper presents an evaluation of the 
method as a tool for the routine analysis of 
public health surveillance data. We sum-
marize a statistical evaluation of the method, 
as well as an epidemiologic assessment, for 
national surveillance data during the first 6 
months of its use. We also consider addi-
tional issues that arise when the method is 
used for state data and discuss alternative 
methods that may be used for the detection 
of aberrations. 

MATERIALS AND METHODS 

The analytic method currently used as 
figure I in the Morbidity and Mortality 
Weekly Report (figure 1), called the Morbid-
ity and Mortality Weekly Report Current/ 
Past Experience Graph of the Centers for 
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FIGURE 1. Notifiable disease reports, comparison of 4-week totals ending May 23, 1992, with historical data, 
United States. The ratio is of current 4-week total to the mean of 15 4-week totals (from previous, comparable, 
and subsequent 4-week periods for the past 5 years). The point where the hatched area begins is based on the 
mean and two standard deviations of these 4-week totals. 



Detecting Aberrations in Surveillance Data 375 

Disease Control and Prevention, compares 
the number of reported cases in the current 
4-week period for a given health event with 
historical data from the preceding 5 years 
(6, 7). Numbers of cases in the current 4-
week period are listed to facilitate interpre-
tation of instability caused by small num-
bers. 

The choice of 4 weeks as the "current 
period" was based on evidence of weekly 
fluctuation in disease reporting that is usu-
ally due to irregular reporting rather than to 
disease incidence. The use of a 5-year history 
achieves the objective of applying the same 
model for all conditions depicted. This is 
particularly helpful since some health events 
were made notifiable only recently (e.g., ac-
quired immunodeficiency syndrome and le-
gionellosis). In addition, modeling of re-
ported influenza incidence has shown that 
more accurate forecasts are based on more 
recent data (8). To increase the historical 
sample size and to account for any seasonal 
effect, the baseline is taken to be the average 
of the reported number of cases for the 
preceding 4-week period, the corresponding 
4-week period, and the following 4-week 
period, for the previous 5 years. This yields 
15 correlated observations, referred to as the 
historical observations or baseline (figure 2). 

The deviation from unity of the ratio of 
the current total to the historical average is 
indicative of a departure from past patterns. 
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FIGURE 2. Basis of the method used for the Current/ 
Past Experience Graph (figure 1); an example of the 
data used for the report published during week 20 (May 
23, 1992), United States. For example, X0  is the total 
of cases reported during weeks 16-19, 1992. 

We plot this ratio on a logarithmic scale so 
that an n-fold increase projects to the right 
the same distance as an n-fold decrease proj-
ects to the left, and no change from past 
patterns (1:1) produces a bar of zero length 
(9). To distinguish the conditions that may 
require further investigation, the hatching 
on the bars begins at a point based on the 
mean and standard deviation of the histori-
cal observations (6). (Historical limits of the 
ratio of current reports to the historical 
mean are calculated as 1 ± 2 times the 
standard deviation divided by the mean, 
where the mean and the standard deviation 
are calculated form the 15 historical 4-week 
periods.) 

RESULTS 

Statistical evaluation 

Because surveillance data are reported se-
quentially in time, they may not satisfy the 
assumptions necessary for usual time series 
analyses. For example, the number of mea-
sles cases reported to the Centers for Disease 
Control and Prevention in a given 4-week 
period over the 5 years, 1985-1989, is highly 
correlated from period to period (Pearson 
product-moment correlation = 0.86). The 
problem is particularly apparent with inci-
dence data for which the numbers of re-
ported cases are subject to seasonal effects 
and reporting delays. The method used to 
set the hatching point for the Current/Past 
Experience Graph may be affected by the 
correlation of reported health events over 
time, and little is known about the empirical 
performance of the method in the presence 
of such correlation. 

To investigate this problem, we performed 
a simulation study (10) in which the values 
needed for the ratio comparison were sim-
ulated from a known distribution. The pur-
pose of this simulation was to provide a 
"gold standard" or true confidence limit to 
compare with the limit produced by the 
method of the Current/Past Experience 
Graph. In addition to this method, we in-
vestigated three alternative methods for es-
timating the standard error of this ratio: the 
bootstrap (6), the jackknife, and the delta 

1991 

1990 

1989 

1988 

1987 



376 Stroup et al. 

methods. The bootstrap method has been 
developed for the case of independent and 
identically distributed variables (11) and ex-
tended to the case when observations form 
a first-order autoregressive process (12) or 
when observations are independent but not 
identically distributed (13). The jackknife is 
preferred in situations in which groups of 
observations may be expected to be reason-
ably independent, even if individual obser-
vations are not (14), a situation that may 
seem appropriate here since the method of 
the Current/Past Experience Graph is based 
on groups of reports, each of which covers 4 
weeks. Kftnsch (15) applies this concept of 
grouping to bootstrap calculations. The delta 
method is based on a first-order Taylor series 
expansion of the statistic; the variance of the 
ratio is computed from estimates of first and 
second moments of the statistic. 

To evaluate these methods for providing 
the variance needed for the ratio of the 
Current/Past Experience Graph, we used a 
model by which results can be compared 
with true or model-simulated values. In ad-
dition, we applied the three methods to data 
from the National Notifiable Diseases Sur-
veillance System for measles incidence and 
measured performance by epidemiologic 
confirmation of increased activity. A com-
plete description of the model and the meth-
ods is found in the study by Kafadar and 
Stroup (10). 

Of the four methods investigated (boot-
strap, jackknife, delta, and the Current/Past 
Experience Graph), the delta method pro-
duced the best estimate of the "true" confi-
dence bands; that is, delta calculations had 
the mean value closest to the simulated tar-
get for all values of period-to-period corre-
lation. The method of the Current/Past Ex-
perience Graph performs almost as well as 
does the delta method, with departures from 
the reference value rarely more than 0.90, a 
10 percent error. 

The simple bootstrap (based on random 
sampling from the 15 historical observa-
tions) and jackknife methods produce overly 
optimistic (low) estimates of the variance 
used for the ratio in the Current/Past Expe- 

rience Graph; the difference is at least an 
order of magnitude and sometimes more 
(e.g., when adjacent periods have a correla-
tion of 0.1, the variance is only 4 percent of 
the simulated reference value). Such an un-
derestimate of variance will result in a con-
fidence band (hatching point) too close to 
one; thus, excesses for disease will appear 
too often, producing an overly sensitive sys-
tem. 

The four estimators were applied to the 
reported incidence of measles from 1980 to 
the first quarter of 1990. Most methods con-
sistently identify most of 1986 and 1989 as 
unusually high for measles incidence; the 
delta method also identifies the last two 
periods of 1989 and the second period of 
1990 as elevated (figure 3). 

Epidemiologic evaluation 

During the first 6 months (April 1, 1990 
to September 29, 1990) of the implementa-
tion of the Current/Past Experience Graph, 
we received supplemental information from 
state health departments for conditions that 
were shown to be reported in excess using 
this method (16). For each "episode" (a re-
porting increase for 1 or more weeks), we 
were able to identify a few states that pro-
duced the excess. An exception was measles, 
which exceeded historical limits each week 
after April 21, 1990, with increases reported 
in most states. Usually, we were readily able 
to determine an explanation for the increase. 
These explanations included batch reporting 
and improved laboratory-based reporting as 
well as true outbreaks. (Batch reporting oc-
curs when disease reports accumulated over 
a period of time are forwarded as one batch 
to the Centers for Disease Control and Pre-
vention.) 

For conditions with relatively small num-
bers of cases reported nationally (i.e., per-
tussis, legionellosis, and rubella), small in-
creases in reporting resulted in excesses. 
Many of the reports from state health de-
partments represented small outbreaks; yet, 
when aggregated with other nationally re-
ported events, the excess was apparent. 
However, an outbreak of rubella highlighted 
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FIGURE 3. Reported cases of measles in the United States, 1980-1990 (first quarter). Source: Centers for Disease 
Control and Prevention, National Notifiable Diseases Surveillance System. 

by this method proved to be of substantial 
public health importance (17). 

DISCUSSION 

No single method can be used to detect 
all epidemics or all types of aberrations. In 
spite of the known limitations of routine 
national surveillance data for notifiable dis-
eases, such as incomplete or inaccurate re-
porting (18, 19), the data can be useful for 
demonstration of trends and for the detec-
tion of changes from historical patterns that 
signal the need for public health interven-
tion. We discuss these issues for the method 
of the Current/Past Experience Graph. 

What is the purpose of the surveillance 
system? 

The data used for these analyses are re-
ported weekly by state health departments. 

Although each state analyzes its own data, 
patterns apparent from the aggregated na-
tional picture may aid prevention and inter-
vention efforts. Additionally, the data are 
maintained historically for the archival pur-
poses of measuring trends and assessing the 
effects of interventions. 

What is the purpose of the analytic 
method? 

Since a single method cannot be expected 
to distinguish between a change in historical 
trend and a one-time outbreak with an un-
sustained level, the analyst must identify the 
purpose of the analysis before choosing an 
analytic method. If the nature of the data is 
determined and the questions are well de-
fined, then the results of the analytic method 
can be used to augment other sources of 
information. 
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The purpose of the Current/Past Experi-
ence Graph is to facilitate the routine analy-
sis of surveillance data and to supplement 
other sources of information. The method 
may not be useful for conditions with long-
term historical trends, and for these we have 
proposed an alternative display (7). 

When the data involve extensive patterns, 
such as the disease incidence data illustrated 
here, simplification of the patterns may be 
helpful. The classic methods of time series 
analysis are appropriate for this situation, 
but these may not be accessible to the prac-
ticing public health official. Often, very sim-
ple methods suffice. For reducing the mag-
nitude of intrasample correlation on disease 
incidence data by 4-week period, the re-
moval of period effects is apparently as con-
venient as the removal of long-term and 
seasonal trends by more complex time series 
methods such as those proposed in the sta-
tistical literature (20). Given knowledge of 
the correlation structure among successive 
groups of reports, estimates of the variance 
calculated from this model are more prom-
ising. However, the requirement that the 
correlation structure of each disease series 
be known requires continuous monitoring, 
which is impractical for most surveillance 
systems. 

Which conditions should be monitored? 

Any analytic method for routine surveil-
lance is useful only for conditions associated 
with direct public health intervention. The 
method of the Current/Past Experience 
Graph is most appropriate for diseases that 
do not exhibit frequent changes in trend or 
level and that occur often enough so that a 
few cases do not constitute a significant flag. 
If the data are not preanalyzed for trend and 
period effects and the variance of the nu-
merator (present cases) can be assumed to 
be the same as the variance of the observa-
tions in the denominator (historical data), 
the method of the Current/Past Experience 
Graph may be less powerful. This is espe-
cially true if the series exhibits considerable 
correlation for first-order (adjacent obser- 

vations) processes and beyond. For rare con-
ditions, the instability caused by small num-
bers of reported cases may make the results 
unsuitable for repeated use. 

What is the unit of analysis? 

We chose national data for presentation 
of the Current/Past Experience Graph. The 
objective was to use as short a time period 
as possible for weekly publication, thus mak-
ing the results useful for timely intervention. 
However, variability in weekly reports 
caused by factors other than the disease pro-
cess, such as reports delayed because of out-
breaks, made the results unstable. Thus, we 
chose a 4-week window. 

Because of the interest in analytic tech-
niques for the analysis of aberrations in sur-
veillance data at the state level, we under-
took a study of the method of the Current/ 
Past Experience Graph with six state health 
departments (21). During the 4-month 
period of study, a total of 210 episodes were 
observed, of which 27 were flagged as ex-
ceeding historical limits; one state had no 
episodes of unusual reporting. Overall, 14 
episodes (52 percent) represented epidemi-
ologically confirmed outbreaks. Many were 
small, and none were detected when aggre-
gated with other state data for the national 
analyses. Each disease exceeded historical 
limits at least twice during the study period, 
and, for all but meningococcal disease, at 
least one of these represented an outbreak, 
as defined by the state health department. 
Although clearly the numbers are small, the 
proportion of episodes that represented out-
breaks varies. This is expected for conditions 
with differing epidemiology.The five out-
breaks known to the health department that 
were not detected by the method of the 
Current/Past Experience Graph highlight 
some of its limitations. In three outbreaks, 
cases were not reported to the Centers for 
Disease Control and Prevention as current 
reports; thus, they were not included with 
the data used for the calculation. The other 
two outbreaks were not detected because of 
increases in the corresponding baseline. 
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What provision is there for updating or 
correcting the data by using later 
reports? 

In the National Notifiable Diseases Sur-
veillance System, the Centers for Disease 
Control and Prevention encourages early re-
port of a case and then allows for later 
confirmation or modification. The method-
ology of the Current/Past Experience Graph 
is applied to the provisional (earliest re-
ported) data. In our study of six states, two 
of five outbreaks were not detected because 
of late reports not included in the current 
reporting period. 

How is the baseline determined? 

The choice of 5 years as a baseline period 
was based on a consideration of appropriate 
sample size balanced by a desire to use the 
same method for all conditions. Although a 
longer baseline may be possible for some 
conditions with a long reporting history, ep-
idemics or changes in trend will increase the 
variance of the baseline and thus offset any 
benefit of additional data. In this case, the 
analyst may choose to omit or adjust the 
epidemic data. 

How are outbreaks in the baseline 
handled? 

The Current/Past Experience Graph as 
presented here does not adjust for epidemics 
which occur during the baseline period. The 
result of this is a progressive decline in sen-
sitivity as the outbreak moves in and then 
out of the baseline window, as for measles. 
To address this point, one could use a me-
dian of the baseline reports (rather than a 
mean), such as we presented in the statistical 
evaluation section of this paper. Unfortu-
nately, this replacement invalidates the tech-
nique used to compute the point for signal-
ing aberrations, and the alternative methods 
for calculating this are not as accessible as 
the method of the Current/Past Experience 
Graph to the practicing epidemiologist. 

What is the sensitivity and predictive 
value positive of the method? 

This analysis shows that the sensitivity of 
the Current/Past Experience Graph is quite 
high. In part because of the use of provi-
sional data, we use the mean in the calcula-
tion. We investigated positive predictive 
value by applying the Current/Past Experi-
ence Graph to data from six state health 
departments and asking each to follow up 
on aberrations detected by this system. In 
addition, we asked that outbreaks that came 
to their attention through other sources, but 
that were not identified by the Current/Past 
Experience Graph, be noted. During the 
evaluation, the Current/Past Experience 
Graph identified 27 episodes of disease re-
ports that exceeded historical limits. Of 
these, 14 (52 percent) represented outbreaks. 
None were detectable by analysis of aggre-
gate national surveillance data. Five out-
breaks known to state health department 
officials were not identified by the method 
because of increased disease activity during 
the baseline period or lack of timely provi-
sional reporting of outbreak-related cases. 

What are the mechanics of operation? 

For any analytic method to be useful, it 
must be easily implemented in the routine 
work of the practicing epidemiologist. Dur-
ing this evaluation, an epidemiologist rou-
tinely evaluated each aberration produced 
by the Current/Past Experience Graph, ana-
lyzing state distributions and communicat-
ing with each Centers for Disease Control 
and Prevention program area responsible for 
the control of the condition. Additional in-
formation was provided by epidemiologists 
in state health departments. Investigation 
was based on this evidence in addition to 
that provided by other methods of analysis. 
Development is ongoing to provide software 
to produce the Current/Past Experience 
Graph for use by state health departments. 

We have developed a method for analyz-
ing public health surveillance data that dem-
onstrates high sensitivity and positive pre-
dictive value for some nationally notifiable 
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diseases. Statistical evaluation shows that the 
method performs well under a wide variety 
of conditions. Epidemiologic assessment 
shows high sensitivity and positive predic-
tive value. 

Since this study was conducted, the 
method has remained useful in national sur-
veillance. Recent increases beyond historical 
limits in reporting of aseptic meningitis re-
flected increased disease activity primarily 
in the northeastern United States (22). In-
creases in animal rabies reports were due to 
increased reporting of raccoon rabies in mid-
Atlantic and northeastern States (unpub-
lished data). Although not applicable to all 
types of surveillance questions, the method 
is useful for identifying conditions that re-
quire further investigation and for providing 
sensible solutions from imperfect data to 
facilitate public health action. 
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