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Introduction

During the early summer of 1977, a severe outbreak of 
Hepatitis "A" (HAV)^ within the city of Akron and en 
virons proved to be yet another example of how this 
disease can flare up and diffuse within a community. 
The purpose of this study is to demonstrate one method 
by which the spread of Hepatitis A can be monitored 
utilizing an operational DIME/ADMATCH system linked to 
automated cartographic techniques. In addition, the 
hypothesis that knowledge of patterns of spatial and 
temporal diffusion of Hepatitis A within the study area 
over several epidemiological cycles can 1 be used to esti 
mate locations of future outbreaks is examined.

Cycles of Hepatitis A Within Akron

Data were collected from Akron Health Department records 
for all reported cases of Hepatitis A for the time 
period July 1, 1969 to May 15, 1978. Given major advan 
ces in seriologic testing during this time span and 
known under-reporting due to the nature of the disease, 
it is assumed that: [1J Information from recent years 
is more reliable; and [2] Reporting during the outbreak 
period is probably more accurate than some of the ear 
lier information. The cyclical nature of Hepatitis A
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reporting within Akron over the time period is shown 
within Figure 1, with the horizontal scale indicating 
date of onset of symptoms. Considering a long incuba 
tion period of from two to six weeks with an average of 
approximately twenty-five to thirty days, six cycles 
have been determined on the basis of Hepatitis A activ 
ity during quarters that when aggregated form peaks and 
troughs irrespective of calendar years.

Since each of the case records included residential ad 
dresses, it was possible to utilize the Akron SMSA DIME 
File and match the cases for each cycle to census tracts 
and blocks. Within each cycle the information was fur 
ther subdivided into quartiles of distributions. The 
quartiles, theoretically utilized to indicate infusion, 
inflection, saturation, and waning phases, were then 
mapped utilizing the SYMAP contour option.2 it was then 
possible to develop elementary diffusion maps for each 
of the cycles. Generalized "clinical fronts" for Hepa 
titis A diffusion within Akron were identified in a 
fashion similar to that accomplished in earlier studies 
within Australia by Brownlea.3 The pattern contained 
within Figure 2 shows the hypothesized diffusion pattern 
for the 1977-78 or outbreak cycle. The heavy areas in 
dicate reporting during the twenty-fifth percentile, or 
infusion stage, and the dotted areas indicate increased 
reporting during the inflection stage (fiftieth percen 
tile) . While this kind of mapping derived from SYMAP 
procedures provides some indication of early outbreaks 
and movement within the city, similar surfaces developed 
for the other five cycles indicate that early outbreaks 
did not always occur in the same parts of the city. Two 
analyses of variance were done for each of the cycles, 
one with drainage categories for parts of the city and 
the other with housing quality. While results normally 
showed moderate levels of significance, there were no 
strong statistical associations. However, this finding 
at least corroborates results from other studies indi 
cating a higher probability of hepatitis outbreaks in 
parts of cities where conditions can become unhygienic 
for one reason or another.4

Whether the disease was spread via the oral-fecal route 
or through contaminated food or water is extremely dif 
ficult to determine without actually accomplishing in 
dividual scale epidemiological investigations. Since 
the purpose of this study is to examine whether or not 
computer mapping can help monitor the generalized diffu-
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Figure 1. Reporting of Viral Hepatitis, presumably mostly "Type A", or HAV 
in Akron for approximately six cycles.

Figure 2. Pathways and'temporal "clinical fronts" of possible HAV diffusion 
during the 1977-78 period. The black areas contained the earliest 
reporting.
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sion of Hepatitis A, the concern is with broader pat 
terns of movement within the city. One statement that 
can be made when examining the various diffusion maps 
for each cycle is that there appears to be a general 
tendency for earlier reporting in parts of the city 
that had higher levels of late reporting during the 
previous cycles. In order to test the latter conten 
tion, additional mapping and statistical testing were 
accompli shed.

A Trend Surface Analysis

Assuming that there were sufficient regularities of dif 
fusion within the city during each of the five cycles 
preceding the outbreak, reported cases for each percen- 
tile during each year were summed and polynomial trend 
surfaces were developed for the various time periods to 
assist in explaining the diffusion within the outbreak 
period. Fourth degree surfaces appear to be the most 
reasonable "fits" for each percentile. Table 1 contains 
information indicating the amount of variance explained 
by each of the four surfaces by percentiles. It is in 
teresting to note that variance levels generally de 
creased from the twenty-fifth to the hundredth percen 
tile for most of the polynomial surfaces with the fourth 
degree twenty-fifth percentile map explaining most of 
the variance.

An additional computer mapping program was utilized to 
examine the residuals from each of the diffusion sur 
faces. The residuals were processed through SYMAP to 
generate a residual surface lattice for the city. This 
surface, expressed in matrix form, was then processed 
through GRIDSHADE, a computer program designed to gen 
erate a variety of "shaded maps" from a set of raster- 
organized data.5 These residual maps are contained 
within Figure 3. The residual surfaces depicted within 
Figure 3 give some idea as to where there were more or 
less cases than would be expected within each of the 
four phases during the first five cycles and might be 
considered generalized indicators of what to expect 
during the next Hepatitis A cycle.

For purposes of testing this contention, the same pro 
cedure was utilized to examine the within-cycle phases 
for the outbreak period. Table 2 contains the coeffi 
cients of determination for each of the trend surfaces 
developed through the fourth degree for infusion, in-
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TABLE 1

Explanation of Variation of Hepatitis "A" 
Diffusion Surfaces for First Five Cycles

First Degree

Second Degree

Third Degree

Fourth Degree

Infusion 
25 P.

. 2851

. 3299

. 3732

. 3954

Inflection 
50 P.

. 1993

.2471

. 2805

. 3109

Saturation 
75 P.

. 0768

. 1370

. 1826

. 2100

Waning 
100 P.

. 0373

. 0950

. 1611

. 2199

TABLE 2

Explanation of Variation of Hepatitis "A" 
Diffusion Surfaces for Outbreak Period

First Degree

Second Degree

Third Degree

Fourth Degree

Infusion 
25 P.

• .1832

. 3217

. 4355

. 4958

Inflection 
50 P.

. 1823

. 3941

. 4521

. 4714

Saturation 
75 P.

.1043

.2838

. 4191

. 4665

Waning 
100 P.

. 1253

. 2786

. 3752

. 4513
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flection, saturation and waning phases of the ]977-78 
epidemic of Hepatitis A. Once again, variance ex 
plained generally decreased as the disease spread 
through the city from one quartile to the next. How 
ever, most of the fourth degree surfaces explained 
nearly half of the variance regardless of the phase of 
the epidemic.

Residual maps were also developed using GRIDSHADE, and 
these are depicted in Figure 4. The patterns for each 
of the four phases are not always similar; however, the 
twenty-fifth and hundredth percentile residual patterns 
appear to coincide. Results of regression testing 
wherein the residuals from the first five cycles were 
compared with those for the outbreak cycle indicated 
that the best correlation resulted with the twenty-fifth 
(.55) and the hundredth (.55) percentiles. The correla 
tion for the fiftieth percentile was about .35 and that 
for the seventy-fifth percentile only .20. These find 
ings support the suggestion previously made that the 
hundredth percentile distributions of one cycle of the 
disease may be better indicators of the twenty-fifth 
percentile distributions of the next than the distribu 
tions shown by intermediate quartiles. In other words, 
it may be easier to determine where an epidemic is going 
to begin than the actual direction of diffusion that 
might take place during any given cycle.

Conclusions

The intent of this paper has been to illustrate some 
applications showing how contemporary methods in spa 
tial analysis can be systematically linked with auto 
mated geographic base files and computer mapping tech 
niques to examine general epidemiological aspects of an 
infectious disease. The methodology used within this 
study suggests one way that this can be accomplished to 
monitor disease diffusion within cities. Processing the 
case records within the Akron SMSA DIME/ADMATCH system 
and utilizing these geographically-aggregated disease 
data with SYMAP and GRIDSHADE provide an important 
graphic medium for inspecting diffusion patterns.^

"Predictive" aspects of this system have definite limi 
tations, as has been demonstrated. One problem is the 
very nature of the HAV agent. As the various types of 
hepatitis and their accompanying sub-determinants are 
better understood, reporting should improve substan-
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tially. There remains the problems of subclinical 
cases and the long incubation period that must be coped 
with in trying to monitor the spread of the disease. 
Also, patterns of_ urban behavior resulting in human con 
tact fluctuate daily as well as over longer periods of 
time, thus complicating this scale of diffusion analy 
sis. However, improved reporting can lead to the use 
of more sophisticated time series techniques in actually 
forecasting future outbreaks of Hepatitis A.
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