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Bacterial sexually transmitted diseases
(STDs) remain an important public health
problem worldwide."2 Most bacterial STDs

:4 are curable with relatively short courses of
antimicrobials and have therefore become
the focus ofmajor disease control efforts.3

STD control strategies should be based
on a sound understanding of the population-
level transmission dynamics of STD
pathogens. Previous theoretical and empiri-

gs cal findings have provided valuable insight
into the transmission dynamics of STDs.4'2
These findings have identified the impor-

> tance of core groups in the spread of STDs
within populations. The theoretical underpin-
ning of the core group concept is derived
from the basic reproductive number, which
defines the ecologic success for any infec-
tious disease as the average number of sec-
ondary infections arising from infected indi-
viduals in a fully susceptible population.5
The basic reproductive number is the prod-
uct of 3 population parameters: transmissi-
bility of the disease, contact rate between
infective and susceptible individuals, and
duration of infectivity. Only when the basic
reproductive number is greater than 1 does
an infectious agent successfully spread in a
population. Estimates from various popula-
tions demonstrate that the average rate of
partner change (contact rate) in most seg-
ments of the population is not sufficient to
sustain STDs.'2 Instead, subpopulations with
higher rates of partner change (core groups)
are required for the spread and maintenance
of STDs in the entire population.

Various approaches have been used to
identify STD core groups. At the individual

g level, members of a core group can be
defined according to risk behaviors such as
rate of partner change.4" 0 However, identify-
ing individuals within core groups can be
difficult for public health practitioners and

unfairly stigmatizing for individuals. There-
fore, spatial analyses have been used to
define geographic "core areas" within which
STD transmission rates are highest.8'9 These
geographic core areas are hypothesized to
contain a higher proportion of the core group
members and thus provide a rational target
for focusing control efforts.1"7",3 However,
Wasserheit and Aral point out that the char-
acteristics and roles of core groups in STD
transmission evolve under the influence of
control programs.'4 Furthermore, they sug-
gest that these changes unfold in a stereo-
typic pattern and that control programs
should be responsive to such changes.

In this paper, we analyze the epidemiol-
ogy of Chlamydia trachomatis (chlamydia)
and Neisseria gonorrhoeae (gonorrhea)
infection in Winnipeg, Canada. By examin-
ing the role of geographic core area popula-
tions in the spread of these 2 STDs over
time, we provide evidence suggesting that
the epidemiology of chlamydia and gonor-
rhea has evolved in response to control pro-
grams, as proposed by Wasserheit and Aral.'4
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Methods

Descriptive Epidemiology

Manitoba is a province in Canada with a
population ofapproximately 1.14 million. Win-
nipeg, with a population of close to 660 000, is
the only major city in the province. All cases
of chlamydia and gonorrhea are notifiable to
the provincial health department by both
physicians and laboratories under the Public
Health Act. Since laboratories in the province
routinely report all positive diagnostic tests
for chlamydia and gonorrhea, few laboratory-
confirmed cases are unreported. In Winnipeg,
specially trained public health nurses inter-
view and conduct contact tracing for most
persons infected with chlamydia or gonor-
rhea.'5 Sexual contacts of those with chla-
mydia and gonorrhea are also notifiable to
the provincial health department. As a means
of computing the incidence of chlamydia and
gonorrhea by geographic location, the
province was divided into 322 geographic
sites defined by preexisting administrative
boundaries (288 rural municipalities for
non-Winnipeg residents and the 34 postal

areas for Winnipeg residents). The average
annual incidence of chlamydia and gonorrhea
per 100 000 population was computed on the
basis of all reported cases. Incidence rates
were directly standardized for age and gender
to the total 1991 Manitoba population. Prod-
uct-moment correlation coefficients were
used to assess the geographic relationship
between chlamydia and gonorrhea rates. Chi-
square tests were used to assess the statistical
significance of differences in proportions.
SAS (version 6.12; SAS Institute Inc, Cary,
NC) was used in performing all statistical
analyses.

Winnipeg Risk Areas

Winnipeg was divided into 3 geographic
risk areas ("core," "adjacent," and "periph-
eral") separately for chlamydia and gonor-
rhea. This was done empirically by aggregat-
ing postal areas based on their average annual
incidence rates between 1991 and 1995 and
visually estimating the break points from the
distribution curves (see Figure 3a, 3c). Data
from the 1991 Census of Canada were used
to estimate unemployment rates, mean

household incomes, language usually spoken
at home, mobility status, and population den-
sity for the Winnipeg postal areas (Statistics
Canada, Microdata Release File). The inci-
dence of other selected communicable dis-
eases was derived from the provincial notifi-
able disease registry.

Results

STD Incidence Rates by Geographic Site

Figure 1 shows that chlamydia and gon-
orrhea incidence rates were highly correlated
at both the provincial and urban levels (Mani-
toba, r= .83, P<.001; Winnipeg, r=.92,
P <.001). Because chlamydia and gonorrhea
rates were so highly correlated, we pooled the
data and analyzed the spatial distribution of
incidence in the province and in the city of
Winnipeg. Figure 2 shows the remarkable
geographic variation in chlamydia and gonor-
rhea incidence rates. From 1991 through
1995, the average annual incidence of
chlamydia and gonorrhea ranged from 0 to
almost 9000 per 100 000 population in differ-
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FIGURE 1Scatterplot of average annual age- and sex-standardized incidence rates of chiamydia and gonorrhea, by
Manitoba geographic site, 1991 through 1995.
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FIGURE 2-Average annual age- and sex-standardized incidence rates of chiamydia and gonorrhea (combined), by
Manitoba geographic site, 1991 through 1995.

ent Manitoba geographic sites. This was also
true within the city of Winnipeg, where the
variation in incidence ranged by more than
13-fold from 119 to 1600 per 100 000 (Figure
2 inset).

To better define factors associated with
the geographic heterogeneity in STD inci-
dence, we restricted further analysis to cases
in Winnipeg, since most Manitoba STD
cases occur in Winnipeg and most non-
Winnipeg cases occur in remote northern
regions of the province. Both chlamydia and
gonorrhea incidence rates differed greatly by
postal area in Winnipeg, but, as Figure 3
demonstrates, there was substantial geo-
graphic congruence between chlamydia and
gonorrhea risk areas. For chlamydia, 4 postal
areas had similar high incidence rates (range:
887 to 1047 per 100000) and were thus des-
ignated core; 7 postal areas had intennediate
rates (range: 350 to 547 per 100000) and
were designated adjacent, and the remaining
23 were designated peripheral (range: 106 to
275 per 100 000). For gonorrhea, 3 postal
areas were designated core (incidence range:
443 to 584 per 100 000), 5 were designated
adjacent (incidence range: 157 to 238 per

100 000), and 26 were designated peripheral
(incidence range: 8 to 94 per 100 000). The
chlamydia core postal areas included all 3
gonorrhea core postal areas along with 1
postal area designated as adjacent for gonor-
rhea. The chlamydia adjacent areas included
the remaining 4 gonorrhea adjacent postal
areas and 2 additional adjacent areas desig-
nated as peripheral for gonorrhea.

Characteristics ofSTD Risk Areas

The chlamydia risk areas were used to
describe the sociodemographic characteris-
tics of the Winnipeg risk areas, since the
gonorrhea core areas and adjacent areas were
a subset of those for chlamydia. The core
risk areas contained only 8% of the Win-
nipeg population (Table 1). The adjacent
areas contained 20%, and the peripheral
areas contained the remaining 72%. Notably,
case patients from core areas in 1991 were
more likely to have a repeat infection within
1 year (20.4%) than were case patients from
the adjacent (14.2%) or peripheral (9.2%)
areas. As well, a higher proportion of core
area patients (7.5%) than patients from the

adjacent (5.5%) or peripheral (2.5%) areas
had concomitant infection with chlamydia
and gonorrhea.

The core areas differed demographi-
cally from the noncore areas. There was a
higher population density in the core areas,
as well as a higher percentage of male resi-
dents. The core areas also had a higher pro-
portion of persons who did not speak either
English or French (Manitoba's 2 official lan-
guages) at home and were characterized by
greater residential mobility than the adjacent
or peripheral areas. The core area was char-
acterized by higher unemployment rates and
lower mean household incomes than the
adjacent and peripheral areas. The incidence
of other communicable diseases was also
higher in the core areas. This difference was
most evident for salmonellosis, shigellosis,
and tuberculosis.

STD Trends in Winnipeg

Between 1988 and 1995, there was a
substantial decline in the number of reported
cases of both chlamydia (61%) and gonor-
rhea (64%) in Winnipeg (Figure 4). For
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chlamydia, the most substantial declines
were seen in the peripheral (67%) and adja-
cent (59%) areas, with a smaller decline seen

in the core areas (50%). As a result, there
was a significant increase in the proportion
of chlamydia cases occurring in the core

areas, from 20% to 26% (P < .001).
In contrast to the trends for chlamydia,

the decline in core area cases of gonorrhea
(67%) was similar to that observed in the
peripheral areas (68%). The smallest decline
in gonorrhea cases was seen in the adjacent
areas (55%). As a result, the proportion of
gonorrhea cases occurring in the core areas

did not change appreciably between 1988
and 1995 (39% vs 36%; P = .24).

Mixing Patterns Among Case Patients
and Contacts

The postal areas of residence were

known for 60.2% of the named sexual con-

tacts in 1991 and for 60.9% in 1995. As

shown in Table 2, for all Winnipeg chla-

mydia index case patients, there was a signif-
icant increase in the proportion naming at

least 1 core area contact, from 22.1% in

1991 to 27.4% in 1995 (P<.01). This
increase was seen among both noncore and
core case patients.

In contrast, there was an overall reduc-
tion in the proportion of gonorrhea index case

patients naming a core area contact, from
42.6% in 1991 to 38.1% in 1995 (P= .34).
This decline was due to a substantial reduc-
tion in the proportion of non-core area case

patients who named a core area contact (from
31.4% to 20.5%; P<.05). As was observed
for chlamydia, the proportion of core area

gonorrhea patients naming a core area contact
increased, but this increase was not statisti-
cally significant (57.7% to 64.3%; P= .38).

Discussion

The importance of core groups in STD

transmission dynamics is widely acknowl-

edged, although their centrality to STD epi-
demiology has been difficult to empirically
demonstrate.'3"14 Theoretical models have

shown that without the presence of core

groups, newly introduced STDs will gener-
ate short infection chains that ultimately

extinguish themselves.4'5 Rothenberg and
Voigt have shown that the likelihood that a

strain of penicillinase-producing N gonor-

rhoeae will persist in a community is largely
determined by how rapidly it initially
spreads. 11 Such observations suggest that
entry of a sexually transmitted agent into a

core group is an important determinant of its
ecological success.

One potentially practical method of tar-

geting control efforts at core groups is that of
identifying geographic areas with high rates
of STD transmission, which are likely to

contain higher proportions of core group
members. In the present study, we have
shown that there is substantial geographic
variation in the incidence of chlamydia and

gonorrhea in the province of Manitoba and

in the city ofWinnipeg. Geographic diversity
in STD incidence has also been reported
from other North American populations such

as those of upstate New York9; Colorado

Springs8; King County, Washington'6; Dade

County, Florida'7; Miami, Fla'8; and North

Carolina.'9 The concept of identifying core

groups geographically has been explored
previously for both chlamydia and gonor-
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rhea.8'020 Potterat et al. have shown that
geographic clustering probably results from
the existence of localized sexual networks at
the neighborhood level.8 These geographic
core areas have been found to comprise a

small proportion of the general population
and are characterized by low socioeconomic
status and high population density.8,9'1820 We
found similar characteristics for core areas in
Winnipeg. In addition, Winnipeg core area

case patients demonstrated 2 other attributes
of importance to STD epidemiology: they
more often had co-infection with chlamydia
and gonorrhea and more often reported
repeated infection within 12 months, sup-

porting the notion that core areas contain a

higher proportion of core group members.
Rothenberg defined geographic core

areas as those that contained the first 50% of
cases, adjacent areas as those that contained
the next 30% of cases, and peripheral areas

as those with the remaining 20%.9 In con-

trast, we used an empirical approach to
defining geographic core, adjacent, and
peripheral areas. There were 2 main reasons

for this approach. First, our data showed that
for both chlamydia and gonorrhea, some

postal areas had very high and similar inci-
dence rates and therefore clearly warranted
being grouped together as core areas (Figure
3). Expansion of the core areas according to
Rothenberg's method would have resulted in
the aggregation of postal areas with very dis-
similar infection rates. Second, we wanted to
study and contrast the relative size and influ-
ence of the core areas for chlamydia and
gonorrhea epidemiology over time. Appro-
priate incidence cutpoints to distinguish
adjacent from peripheral areas were less
clear, especially for chlamydia.

We observed a clear geographic congru-
ence in Winnipeg between areas with similar
chlamydia and gonorrhea incidence rates,
with the chlamydia core and adjacent areas

being only slightly expanded in relation to
those for gonorrhea. This differed from the
1988 findings of Zimmerman et al. in Col-
orado Springs, where the chlamydia core and
adjacent areas were observed to be some-

what different from those for gonorrhea.20
The difference between the 2 studies may be
due in part to their interpretation of Rothen-
berg's definition of geographic core, adja-
cent, and peripheral areas. It could also
reflect an earlier epidemic phase for chla-
mydia in Colorado Springs at that time.

Although the existence of relatively
small and geographically contiguous core

areas with high rates of both chlamydia and
gonorrhea transmission offers a feasible
focus for STD control efforts, the nature and
influence of these areas may change in
response to such efforts. Brunham and Plum-
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TABLE 1-Selected Characteristics of Core, Adjacent, and Peripheral
Geographic Risk Areas in Winnipeg

Risk Area
Characteristic Core Adjacent Peripheral

STD incidence
Chlamydia incidencea 986 468 183
Gonorrhea incidencea 523 204 33
Co-infection, % 7.5 5.5 2.5
Repeated infection (12 months), % 20.4 14.2 9.2

Sociodemographic characteristics
1991 population size 51631 128480 473279
1991 population density, residents per km2 3740 3224 745
Male:female ratio 1.02 0.95 0.94
Residents 15-24 years of age, % 13.7 13.2 14.6
Unemployment rate,b % 16.0 12.0 8.0
Mean household income, $ 27074 32518 49456
Home language other than English or French,c % 23.7 14.2 7.1
Change of residence in past year, % 26.3 21.3 15.6

Incidence of other selected communicable diseases
Salmonellosis and shigellosisd 52.9 36.5 20.2
Tuberculosise 45.0 17.0 4.6
Pertussisd 73.9 50.8 66.0
Bacterial meningitisd 5.2 2.9 3.5

a, 991-1995 incidence per 100 000 person-years, directly adjusted for age and sex to 1991
Manitoba population.

bMale and female residents 15 years of age or older.
cEnglish and French are the 2 official languages of Manitoba.
d1991-1995 incidence per 100 000 person-years.
el 988-1995 incidence per 100 000 person-years.
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mer previously postulated that control efforts
serve to concentrate STDs in ever more sex-

ually active populations that are less accessi-
ble to public health control programs.7

Wasserheit and Aral expanded this concept
and suggested that the epidemiology of
STDs would change in a predictable pattern
in response to disease control activities.'4 In
support of these notions, we found important
differences between chlamydia and gonor-

rhea suggesting that these 2 diseases are

indeed in different epidemic phases. Using
the nomenclature ofWasserheit and Aral, we
suggest that the chlamydia epidemic has
moved from phase 11/II' ("hyperendemic")
to phase III ("decline") and that the gonor-

rhea epidemic has moved from phase III
("decline") toward phase IV ("endemic").

The incidence of both chlamydia and
gonorrhea has declined dramatically over the
past several years in Winnipeg. While gonor-

rhea remains more concentrated in the core

areas than does chlamydia, the recent decline
in gonorrhea cases has been evenly distrib-
uted among core and noncore areas, with the
proportion of cases arising from the core

areas actually decreasing slightly. In contrast,
chlamydia has become more focused in the
core areas over time. This difference proba-
bly reflects the more recent introduction of a
chlamydia control program. Whereas gonor-

rhea control activities have been in place
since the 1970s, the chlamydia control pro-
gram was not implemented until the mid-
1980s. Early in the control program, chlamy-
dia cases were more likely to have been
prevalent infections and to exist in non-core

group populations. As prevalent infections
were eliminated, a greater proportion of
cases became concentrated in core groups,
and these were more likely to be incident
cases. As well, prior to the introduction of a

control program, the long duration of
chlamydia infectiousness may have allowed
chlamydia to persist in populations with

lower rates of partner change. However, the
availability of diagnostic and treatment ser-

vices would shorten the duration of infec-
tiousness and should concentrate the epi-
demic in core groups with higher rates of
partner change and less contact with the
health care system.

Further evidence of differences in the
epidemic phase of chlamydia and gonorrhea
is found in geographic patient-contact mix-
ing patterns. Our data indicate that gonorrhea
is more core dependent than chlamydia,
since a greater proportion of all gonorrhea
patients named at least 1 sexual contact who
resided in the core areas (Table 2). Subse-
quent to the introduction of a control pro-

gram, chlamydia appears to have become
more core dependent, with a greater propor-

tion of patients naming at least 1 contact
residing in a core area in 1995 than in 1991
(Table 2). In contrast, the proportion of gon-
orrhea patients naming at least 1 core area

contact has declined. While gonorrhea
patients residing in the core areas remain
most likely to name a core area contact, there
has been a significant decline in the propor-

tion of non-core area gonorrhea patients
naming a core area contact. This finding may
indicate that the steady decline in gonorrhea
incidence in both the core and noncore areas

has begun to disrupt the spread between sex-

ual networks in different geographic parts of
the city. In commenting on the role of social
networks in the spread of HIV, Rothenberg
et al. pointed out that such segmentation of
networks may be important in interrupting
disease transmission.2'

Our findings have important implica-
tions for STD control strategies in other
jurisdictions. As Wasserheit and Aral have
advocated, the nature and content of control
efforts should respond to changes in the epi-
demiology of STDs caused by the effects of
a control program.'4 For instance, in Win-
nipeg, as chlamydia continues to become

more core dependent, prevention efforts
should be increasingly targeted toward the
geographic core areas. Since the core areas

have characteristics such as socioeconomic
disadvantage and high mobility, success will
probably depend on a frm understanding of
the local community and the implementation
of effective community development
processes that are multisectoral in nature.
The higher incidence of other communicable
diseases in the core areas also suggests that
the social, economic, and demographic char-
acteristics of these areas are associated with
greater transmission of both non-STDs and
STDs. Availability and use of health services
may be one determinant of the greater infec-
tious disease burden in these areas. Thus, it is
important that health services in core areas,

including those for STD control, be made as

accessible as possible through measures such
as flexible operating hours and the accep-

tance of clients without appointments.
Gonorrhea appears to be in a different

epidemic phase than chlamydia in Winnipeg.
Therefore, different control strategies are

indicated. Since gonorrhea continues to be
concentrated in the core areas, control efforts
should also be focused there. However, if
gonorrhea incidence continues to decline and
geographic segmentation continues, it will
become increasingly difficult to target core

groups geographically. Instead, efforts may
need to be redirected more toward aggres-

sive interruption of the spread of infection
within specific sexual networks rather than
specific geographic areas. These activities
may include enhanced public health efforts
in contact tracing and epidemiologic treat-
ment of contacts. They may also require the
acquisition of more detailed knowledge
regarding the characteristics of social and
sexual networks.

We acknowledge that there are many

possible biases inherent in passive surveil-
lance systems such as those used for the
reported STD rates in Manitoba. In particu-
lar, reporting patterns may differ according
to residence or socioeconomic status.22'23
With respect to assessment of patient-
contact mixing pattems, patients are proba-
bly more likely to remember or name con-

tacts who live near them. However, we

believe that routinely collected STD disease
surveillance data can be more effectively
analyzed than at present and that they can be
used to guide control strategies through the
evolving phases of STD epidemics. The use

of applied epidemiologic research, together
with new tools such as network analysis and
molecular epidemiology, will further
enhance control efforts and may make elim-
ination of bacterial STDs from many popu-
lations a feasible public health goal.

American Journal of Public Health 1501

TABLE 2-Percentages of Winnipeg Chlamydia and Gonorrhea Index Case
Patients Naming at Least 1 Sexual Partner Who Resided in the Core
Areas in 1991 and 1995

1991, 1995,
% (95% Cl) % (95% CI)

Chlamydia
Noncore 11.4 (9.8,13.0) 15.0 (11.3,18.8)
Core 59.8 (55.0, 64.4) 63.2 (54.1, 71.6)

All cases 22.1 (20.3, 23.9) 27.4** (23.4, 31.4)
Gonorrhea
Noncore 31.4 (26.1, 37.1) 20.5* (12.4, 30.8)
Core 57.7 (50.8, 64.5) 64.3 (50.4, 76.6)

All cases 42.6 (38.2, 47.1) 38.1 (30.0, 46.7)

Note. Cl = confidence interval.
*P< .05 vs 1991.
**P< .01 vs 1991.
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