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In a model introduced by Wasserheit and
Aral,' an epidemic of a sexually transmitted
infection (STI) progresses through identifi-
able phases influenced by dynamic interac-
tions among several factors, including char-
acteristics of the pathogen, sexual behaviors
in a population, and control and prevention
activities. Prevention and control strategies
may need to be phase specific to most ef-
fectively control the spread of STIs."* A
limitation to applying phase-specific inter-
ventions is that methodologies for identify-
ing the stages of an epidemic are not well
developed.

Wasserheit and Aral hypothesized that
both “spread networks” (e.g., groups with
higher rates of sexual partner change, con-
current sexual relationships, or reduced ac-
cess to or use of health care and prevention
services) and “maintenance networks” (e.g.,
groups with lower rates of sexual partner
change and concurrency, representing a
greater share of the population) are involved
during the initial growth and hyperendemic
phases of an epidemic, but spread networks
dominate in subsequent decline and en-
demic phases.! As incidence decreases in
these later phases, infection becomes more
concentrated within spread networks.'
Wasserheit® and Elliot et al.* suggested that
measuring the concentration of an STI may
be useful in determining an epidemic’s
phase; they introduced the application of
Lorenz curves and Gini coefficients, mea-
sures of inequality most often used in eco-
nomics and sociology, into the STI litera-
ture. Both measures are based on the
distribution of some commodity—income,
wealth, or an STI—across a population. To
date, statistical tests have not been applied
to compare Gini coefficients or Lorenz
curves to one another, for example, to com-
pare the patterns of concentration of differ-
ent STIs or to assess trends in concentration
of any given STI over time. We set out to
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Gini coefficients.

coefficient=0.26; 95% Cl=0.22, 0.29).

measure and compare the concentration of
4 STIs in a large county with urban, subur-
ban, and rural settings.

We hypothesized that the concentration of
the STIs would be influenced by the intrinsic
characteristics of the pathogen and the dis-
ease (i.e., efficiency of transmission and du-
ration of infectivity with no intervention), by
patterns of sexual behavior in the popula-
tion, and by intervention activities. Thus,
STIs that often produce symptoms that
prompt health care seeking and curative
therapy and that have long been the target
of effective, wide-coverage sexually transmit-
ted disease (STD) control programs (i.e.,
syphilis and gonorrhea), will become more
heavily concentrated in smaller segments of
the population than would be the case for an
STI that is more often asymptomatic and
that has been addressed with control efforts
of shorter duration (e.g., chlamydial infec-
tion) or incurable STIs such as genital her-
pes, characterized by prolonged infectivity
and not specifically addressed by an effec-
tive control program. We tested these hy-
potheses by examining the levels of concen-
tration of syphilis, gonorrhea, chlamydial
infection, and herpes in the population of

Objectives. We measured and compared the concentration of primary and sec-
ondary syphilis, gonorrhea, chlamydial infection, and genital herpes in a large
county with urban, suburban, and rural settings.

Methods. We geocoded sexually transmitted infections reported to King County,
Washington health department in 2000-2001 to census tract of residence. We
used a model-based approach to measure concentration with Lorenz curves and

Results. Syphilis exhibited the highest level of concentration (estimated Gini
coefficient=0.68, 95% confidence interval [Cl]=0.64, 0.78), followed by gonor-
rhea (estimated Gini coefficient=0.57; 95% Cl=0.54, 0.60), chlamydial infection (es-
timated Gini coefficient=0.45; 95% Cl=0.40, 0.43), and herpes (estimated Gini

Conclusions. Geographically targeted interventions may be most appropriate
for syphilis and gonorrhea. For less-concentrated infections, control strategies
must reach a wider portion of the population. (Am J Public Health. 2005;95:
324-330. doi: 10.2105/AJPH.2003.029413)

King County, Washington, for the years
2000 and 2001.

METHODS

Setting

The study was carried out in King County,
Washington, population 1.74 million.” The
county encompasses the city of Seattle (pop-
ulation 563 375) and numerous incorpo-
rated and unincorporated suburban and
rural communities.

Data Sources

The state of Washington requires health
care providers to report all cases of syphilis,
gonorrhea, chlamydial infection, and genital
herpes (initial infection only). Providers sub-
mit case reports to local health jurisdictions,
which in turn submit the reports to the Wash-
ington Department of Health. Syphilis, gonor-
rhea, and chlamydial infections, but not her-
pes, also are ascertained through active
surveillance of all King County laboratories.
In this study, we used data for reported cases
of primary and secondary syphilis (n=91),
gonorrhea (n=2780), chlamydial infection
(n=8709), and initial episodes of genital her-
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pes (n=1364) for the years 2000 and 2001.
During the study period, 485 cases were re-
ported with both gonorrhea and chlamydial
infection, and 26 were reported with both
chlamydial infection and initial genital herpes.

The Washington Department of Health
geocoded case report data to the 2000 cen-
sus tract of residence. Because widespread
routine screening of women probably maxi-
mizes ascertainment of chlamydial infections
in women more than in men, we examined
chlamydia concentration by gender as well as
for the entire population. The results were
similar, and thus we present results using
chlamydial infection data for the entire popu-
lation. The proportion of residential addresses
of cases successfully geocoded ranged from
869% for gonorrhea and chlamydial infection
to 949% for initial genital herpes. We used
2000 census tracts as our unit of aggregation
and US Census 2000 data for census tract
populations.

Data Analyses

We used Lorenz curves and Gini coeffi-
cients to examine differences in the concen-
tration of the 4 STIs. The Lorenz curve is a
graphic representation of the distribution of
some commodity, such as income, against the
uniform distribution that represents equality,
such as population. Therefore, it displays how
equally the commodity is distributed across
the population. STIs present a special prob-
lem in applying Lorenz curves, which are
usually applied to variables that can be bro-
ken down into fractions of a whole. Although
commodities such as income can be distrib-
uted in very small quantities, large portions of
most populations may have no cases of a spe-
cific STI. For example, in 2000-2001, 69 of
the 373 King County census tracts had no
reported gonorrhea cases. Additionally, small
numbers of cases cannot possibly be spread
equally over the population, thereby leading
to a Lorenz curve that shows an artificially
high level of concentration. To address this
problem, we modeled the rates of each STI
within each tract to produce an estimated
number of cases (producing very small, non-
zero numbers of cases in some tracts) for use
in the calculation of the Lorenz curves and
Gini coefficients. We modeled this rate via a
negative binomial generalized additive regres-
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sion model® with linear terms for the follow-
ing 2000 census tract population attributes:
median household income, percentage of
White residents, percentage of African Ameri-
can residents, percentage of residents report-
ing being of 2 or more races, percentage of
residents aged 15—24 years, percentage of
single men, percentage of residents living in
poverty, percentage without a high school ed-
ucation, percentage of households headed by
unmarried male partners, and a spline term
for tract population. The models were fit
using the generalized additive regression
model function in R, a language and environ-
ment for statistical computing (R Foundation
for Statistical Computing, Vienna, Austria,
20037). The expected number of cases within
a tract was taken to be the estimated disease
rate within the tract multiplied by the popula-
tion total of the tract.

For the initial Lorenz curves, we arranged
census tracts in descending order by esti-
mated disease rate and calculated the cumu-
lative percentage of both total expected cases
and population by census tract for each STL
The Lorenz curve was formed by plotting the
cumulative percentage of population on the
horizontal axis and cumulative percentage of
total expected cases on the vertical axis. If the
disease rate was the same for each census
tract, the Lorenz curve would be a diagonal
line whereby each census tract contributed a
proportion of the total cases exactly propor-
tional to its share of the county population.

The Gini coefficient is a summary measure
for the Lorenz curve; it allows for comparison
of concentration levels without graphic dis-
plays. If the Lorenz curves of multiple dis-
eases do not cross, then an ordering of the
concentration of the diseases will be the same
as an ordering of their Gini coefficients. In
addition, Gini coefficients can be used to as-
sess concentration levels across studies. The
Gini coefficient measures twice the percent-
age of the total area above the diagonal,
which is encompassed by the Lorenz curve,

1.9 A Gini coefficient

and ranges from O to
of 1 indicates concentration of all disease in
a single census tract, whereas a value of 0
indicates identical rates in all tracts. We calcu-
lated 2 types of Gini coefficients. First, we
used only the observed number of cases and

their distribution across census tracts to calcu-

late crude Gini indexes in the traditional man-
ner. Second, we used Lorenz curves derived
from the regression model for disease rate to
calculate estimated Gini coefficients. We in-
cluded the crude Gini measure to demon-
strate the need for modeling the expected
number of cases in each tract to obtain an es-
timate of the Gini coefficient that is not af-
fected by discreteness, as we have done here.

Detailed methodological information on
the use of Lorenz curves and the Gini index,
including motivation, interpretation, and com-
putation, is reported by Lee.® The interpreta-
tion and comparison of the Lorenz curves
and Gini coefficients across different STIs re-
quires measurement of the statistical uncer-
tainty of the estimates. We calculated non-
parametric confidence bands for the Lorenz
curves and confidence intervals for the Gini
coefficients, both based on bootstrap method-
ology.” Specifically, we simulated the number
of cases within each tract as a random draw
from the previously described regression
model and calculated the Lorenz curve for
the simulated values. We repeated this proce-
dure 99 times and constructed the confi-
dence bands by multiplicatively expanding
the 2.5% and 97.5% points of quantile func-
tions of the simulated data so that the bands
have 95% simultaneous coverage over the
range of the horizontal axis. Although there
has been previous work on the estimation of
the standard errors of the Gini coefficients,"
here we use studentized bootstrap confidence
intervals' based on the Gini coefficients of
the simulated Lorenz curves. All data analy-
ses were carried out using R.

RESULTS

Figure 1 displays the Lorenz curves for
each infection. The curve for syphilis bows
the furthest away from the diagonal line that
would represent a distribution of cases pro-
portionate to the population, indicating that
syphilis was the most concentrated of the
STIs studied. Similarly, the estimated Gini
coefficient for syphilis reflects a high level of
concentration (Table 1). The Lorenz curve
and estimated Gini coefficient for gonorrhea
exhibited an intermediate level of concentra-
tion, whereas the curves and estimated Gini
coefficients for chlamydial infection and her-
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FIGURE 1—Lorenz curves for reported cases of 4 sexually transmitted infections in King

TABLE 1—Crude and Estimated Gini Coefficients and 95% Confidence Intervals for Primary
and Secondary Syphilis, Gonorrhea, Chlamydial Infection, and Initial Episodes of Genital
Herpes, King County, Washington, 2000-2001

Herpes 1276

Chlamydia 7493 0.443
0.409 (0.369-0.416

Crude Estimated
Disease Observed Cases Gini Coefficient (95% Cl) Gini Coefficient (95% Cl)
Syphilis 84 0.915 (0.887-0.929 0.682 (0.637-0.776)
Gonorrhea 2396 0.633 (0.601-0.651 0.57 (0.543-0.601)

0.425-0.460 0.411 (0.395-0.433)

(
(
(
( 0.255 (0.224-0.290)

)
)
)
)

encompassed by the curve.

pes exhibited progressively lower levels of
concentration.

Ninety-five percent confidence bands
drawn around the Lorenz curves indicate that
the curves are distinct from one another
(Figure 2). These differences also are re-
flected in the 95% confidence intervals for
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“Observed cases include only geocoded cases used in analyses.

Note. Cl=confidence interval. For purposes of this table, Gini coefficient = percentage of the area above the 45° line that is

the estimated Gini coefficients (Table 1). Fifty
percent of the total predicted primary and
secondary syphilis cases occurred in census
tracts that account for 5% of the county’s
population. Conversely, 50% of the predicted
gonococcal and chlamydial infections and ini-
tial episodes of genital herpes were found in

tracts that encompass 13%, 22%, and 32%
of the population, respectively (Figure 1).
Figure 3 shows the census tracts that ac-
counted for 50% of the estimated cases for
each of these 4 infections in King County in
2000-2001.

In addition to the estimated Gini coeffi-
cients, Table 1 displays the crude Gini coeffi-
cients and 95% confidence intervals for each
infection. Chlamydial infection, with the most
observed cases, has an estimated Gini coeffi-
cient similar to the crude measure. In con-
trast, the crude and estimated Gini coeffi-
cients for syphilis are quite different, owing
to the much smaller number of observed
syphilis cases.

DISCUSSION

We examined 4 STIs reported in King
County, Washington, and found that primary
and secondary syphilis was the most concen-
trated STI, followed by gonorrhea, chlamydial
infection, and initial episodes of genital her-
pes. We developed statistical methodology
to compare concentration among STTs; this
methodology, combined with incidence and
other information, may prove useful in other
settings and in confirming significant changes
in concentration of a particular STT over time
as epidemics evolve in response to control
measures and changing behaviors.

Consistent with our findings, previous stud-
ies in upstate New York,"? Seattle,” Colorado
Springs,** Manitoba,>" and Baltimore'® showed
that gonorrhea cases were geographically
concentrated in areas that accounted for a
relatively small proportion of the overall pop-
ulation. In addition, other investigators have
shown that gonorrhea cases were more geo-
graphically concentrated than chlamydia
cases in Winnipeg,” greater Manitoba,” and
Colorado Springs."” Investigators in Manitoba
reported Gini coefficients of 0.66 and 0.39
for gonorrhea and chlamydial infection in
1998, respectively.” These Gini coefficients
were calculated in a manner equivalent to
our crude Gini coefficients, and we found re-
markably similar crude Gini coefficients of
0.63 and 0.44 for these 2 infections, respec-
tively. By contrast, in the late 1980s, syphilis
and gonorrhea cases were similarly concen-
trated in Miami.”® However, national trends in
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primary and secondary syphilis since 1990
provide evidence for increasing concentration
of syphilis on a national level. In 2002, 50%
of primary and secondary syphilis cases in the
country were reported in only 16 (0.7%) of
3139 counties and 1 independent city."® To
our knowledge, no previous study has exam-
ined the geographic distribution or concentra-
tion of genital herpes in a population.

The differing census tract concentrations of
these 4 STIs can be attributed to (1) the dif-
ferences in the duration of time after infection
is acquired that they can be transmitted and
the efficacy with which the STIs can be trans-
mitted over the course of an average infec-
tion; (2) the differences in the population cov-
erage, effectiveness, and duration of control
measures for each STI; and (3) the associa-
tions of patterns of residential clustering of
populations by census tracts with their pat-
terns of sexual mixing and with their cover-
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FIGURE 2—Lorenz curves and confidence bands for (a) primary and secondary syphilis,
(b) gonorrhea, (c) chlamydial infection, and (d) initial episodes of genital herpes, King

age by, access to, and use of effective control
measures.

Brunham and Plummer have published
useful estimates of the duration of infectivity
and the efficiencies of transmission for several
STIs, with and without control measures.*’
For those transmitted efficiently and for long
periods, transmission could theoretically per-
sist even in populations with low levels of
sexual mixing, whereas STIs transmitted less
efficiently and only for short periods should
persist only in populations with relatively high
levels of sexual mixing. These estimates do
predict that chlamydial infection, gonorrhea,
and syphilis would be increasingly more con-
centrated in populations with increasing levels
of sexual mixing. However, these estimates
are imprecise, and sexual practices, strain-to-
strain variations in infectivity, and control
measures may influence level or duration of
infectivity for a given pathogen. For example,

for syphilis and gonorrhea in heterosexual
men, the frequent occurrence of symptoms
that commonly prompt health care seeking,
the availability of curative therapy, and pro-
grammatic emphasis on partner notification
all combine to drive down the duration of
infectivity of these 2 STIs, allowing them to
persist only in subpopulations with high levels
of sexual mixing, especially in those popula-
tions with low coverage by, poor access to, or
reduced use of appropriate health services.
Some evidence for the lower frequency of
symptoms of anorectal versus penile primary
syphilis and the futility of partner notification
for anonymous sexual partners may con-
tribute to the spread of syphilis in some
groups of men who have sex with men, de-
spite otherwise effective control measures.

For chlamydial infection, less frequent
and less severe symptoms prompt health care
seeking less often, making screening for
asymptomatic infection more important for
chlamydia control. The proportion of infec-
tions detected and treated depends on the
population coverage, frequency of testing,
and sensitivity of tests used, all of which
vary across populations and have only re-
cently been improving. Finally, for genital
herpes, the absence of curative therapy, the
low coverage by suppressive therapy, and the
likely importance of asymptomatic viral shed-
ding in transmission all allow this STI to prop-
agate in populations with relatively low levels
of sexual mixing.

Why is the measurement of concentration
within a population important for STI con-
trol? Wasserheit and Aral suggested the im-
portance of phase-specific control strategies
for STIs.! Clearly, highly concentrated STTs,
such as syphilis in King County, require dif-
ferent control strategies from more diffusely
distributed STIs, such as chlamydial infection.
Syphilis control efforts in King County cur-
rently are based primarily on education of
men who have sex with men concerning
symptom recognition, clinical services for
symptomatic persons, condom use, and
sexual safety in general, as well as attempted
partner notification. Potentially effective inter-
ventions for these more concentrated infec-
tions could include geographically targeted
screening within the community, integration
of STI screening and care into community-
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Note. Twenty-one census tracts (of 373 total) in eastern King County are not shown. None of these census tracts accounted for the first 50% of estimated sexually transmitted infection cases when
tracts were arranged in descending order by estimated rate.

FIGURE 3—Census tracts that account for 50% of estimated cases of (a) primary and secondary syphilis, (b) gonorrhea, (c) chlamydial

infection, and (d) initial episodes of genital herpes, after tracts were arranged in descending order by estimated rate, King County, Washington,
2000-2001.
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based clinics serving high-risk census tracts,
and targeted education around STT preven-
tion in areas with a high density of cases.
Chlamydial infection control efforts include
population-based screening of young women
and increasing screening of sexually active
young men (with assessment of its prevention
efficacy). No systematic control strategies are
currently in place for genital herpes, but a
pilot project is under way to assess the pro-
ductivity of widespread serologic screening
to identify herpes simplex virus type 2 sero-
positive persons.

If measurement of STI concentration
proves useful in assessing an epidemic’s
growth or decline or its concentration within
defined subpopulations, such measures will
allow us to anticipate the types of strategies
that will be most effective in controlling epi-
demics in the future. Combining concentra-
tion with other measures such as incidence
will likely prove useful; further study regard-
ing appropriate tools to examine epidemic
transitions is needed.

Limitations of this study include possible
differential sampling bias for the 4 STIs re-
lated to different patterns of (1) health care
seeking, testing, or diagnosis or (2) reporting.
African Americans may be more likely than
non-Hispanic Whites to be tested for STIs.
As in many urban areas, in Seattle, African
Americans are residentially segregated; im-
poverished people of all races are also segre-
gated to some extent. If there is differential
health care seeking for diseases that are usu-
ally symptomatic, such as gonorrhea in men
or primary syphilis in heterosexual men or
secondary syphilis in men or women, it ap-
pears unlikely that health care seeking (or
access) would be more frequent or better in
low-income census tracts; therefore, the
higher incidence of these diseases in such
census tracts that we observed appears un-
likely to be attributable to that bias. Indigent
people of all races are more likely to obtain
care from public clinics. Public clinics likely do
more STI screening for gonorrhea, syphilis,
and chlamydial infection than other types of
clinics and conceivably more diagnostic test-
ing in symptomatic patients for these 4 STIs
and are more likely to report STIs. This could
result in bias toward higher concentration in
census tracts containing indigent populations,
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especially in women, who are less often
symptomatic and more often screened for
gonorrhea, chlamydial infection, or primary
syphilis. However, separate analyses for men
and women showed no gender differences in
concentration for gonorrhea and chlamydial
infection, suggesting differential screening
(which is most often done in women) does
not account for the differing levels of concen-
tration of these infections.

Although no single strategy can adequately
solve the problem of underreporting, Public
Health—Seattle & King County has achieved
comprehensive, laboratory-based surveillance
through interventions designed to increase re-
porting of syphilis, gonorrhea, and chlamydial
infection by providers and laboratories and,
therefore, represents a useful area for this
type of study. !

Reporting of genital herpes is much less
complete; we believe that most initial genital
herpes cases in King County are not ascer-
tained by the current reporting system. How-
ever, the proportion of herpes case reports
submitted by Public Health—Seattle & King
County STD clinic providers (23%) during
2000-2001 was intermediate to the propor-
tion of gonorrhea (28%) and chlamydial infec-
tion (11%) case reports submitted by the same
providers. Thus, although initial genital herpes
may be underreported, it appears unlikely
that our finding that herpes was much more
diffusely distributed than any of the other in-
fections studied is because of differences in
reporting patterns across the infections. Never-
theless, the estimated low proportion of her-
pes cases reported means that herpes results
should be interpreted with caution.

Finally, examining only 2 years of data
does not allow for the analysis of epidemic
trends in these 4 infections. The geographic
distribution and concentration of cases in
these 2 years may not adequately identify
factors responsible for the levels of concentra-
tion observed. For example, syphilis was tran-
siently eliminated in King County in 1996. In
the years leading up to its elimination in
1996, it was found most often in heterosexu-
als, especially in African Americans and other
racial/ethnic minorities. However, the inci-
dence of syphilis rose rapidly from 1997
through 1999 and is now seen almost exclu-
sively among men who have sex with men.

Nonetheless, the incidence of reported syphi-
lis in King County was stable from 1999
through 2002. We separately analyzed
changes in concentration of these 4 STIs over
time and found that although concentration
of syphilis increased over time as syphilis inci-
dence decreased, concentrations of gonor-
rhea, chlamydial infection, and genital her-
pes remained stable from 1993 to 2002
(Kerani R, unpublished data, 2001).

Strengths of our study included the exami-
nation of comparisons of concentrations of 4
STIs; the comprehensive laboratory surveil-
lance of syphilis, gonorrhea, and chlamydial
infections in King County over the study pe-
riod; gender-specific analyses to assess differ-
ential screening or testing bias for chlamydia;
and development of statistical methods for
formally comparing the levels of concentra-
tion of all 4 STIs.

In conclusion, although we were unable to
differentiate the effects of differences in
transmission efficiency, mean duration of in-
fection, partner network structure, and other
influences from the effects of epidemic stage
or the maturity of prevention efforts, the lat-
ter are likely to be important contributors to
the differing concentrations observed among
the 4 STIs studied. The code we used for
these analyses is available on our Web site
(http://www.csde.washington.edu/ ~handcock/
stdlorenz); we hope that other investigators
will find these methods useful to measure and
compare concentration of STIs in other re-
gions. The epidemic evolution framework
must ultimately prove its worth by its ability
to guide real-world approaches to the prob-
lem in question, as in controlling STIs. m
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