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We examined the number of Chlamydia trachomatis inclusions produced in the initial passage of cell cultures
of endocervical specimens from 1,231 women with positive chlamydial cultures who attended a sexually
transmitted diseases clinic. Youth, white race, oral contraceptive use, and concurrent infection by Neisseria
gonorrhoeae were associated with high chlamydial inclusion counts. Youth, white race, and oral contraceptive
use were independent determinants of a high chlamydial inclusion count in women without concurrent
gonorrhea but not in women with gonorrhea. Results of our study suggest that the degree of chlamydial
excretion from the infected cervix may be influenced by characteristics of the patient being tested and may
affect the ability to detect C. trachomatis in different patient groups.

Infection by Chlamydia trachomatis is the most common
curable sexually transmitted disease (STD) in the United
States (7, 48), with an estimated 4 million cases occurring in
adults each year (7). Endocervical infection in women can
lead to acute salpingitis, scarring, and dysfunction of the
fallopian tubes, with subsequent infertility or ectopic preg-
nancy (21, 31). The total costs of chlamydial infections in the
United States exceed $1 billion annually (50).

In most epidemiologic studies, genital infection by C.
trachomatis is determined by isolation of the agent in cell
culture. Although cell culture is currently the most sensitive
method for detecting chlamydial infection, it may be only 70
to 80% sensitive when a single endocervical specimen is
tested (10, 11, 28, 39). Because of the expense and limited
availability of chlamydial cell culture, its use is often guided
by the perceived risk of infection in a given patient. This
allows selective diagnostic testing in certain clinical settings,
thereby conserving resources.

Studies of risk factors for chlamydia infection in women
at high risk for STDs have usually noted the association of
endocervical infection with youth, concurrent gonorrhea,
and oral contraceptive use (2, 13, 15-18, 27, 32, 38, 41, 42,
45, 46). It is unknown whether the factors associated with
higher isolation rates of C. trachomatis are a result of
increased exposure to the infection, to increased suscepti-
bility to infection once a person is exposed, or to increased
detectability of infection because of enhanced chlamydial
growth and recovery in culture. We examined the relation-
ships between various epidemiologic variables and the num-
ber of organisms detected on first passage in cell culture of
specimens obtained from C. trachomatis-infected women.

(This study was presented in part at the Seventh Meeting
of the International Society for STD Research, Atlanta, Ga.,
2 to 5 August 1987.)

MATERIALS AND METHODS

Study population. Women who attended the Marion
County Bellflower STD Clinic in Indianapolis, Ind., between

* Corresponding author.
t Present address: Consultants in Medicine, 800 East Chestnut

Street, Bellingham, WA 98225.

1 September 1983 and 31 October 1985 and who had endo-
cervical specimens obtained for C. trachomatis culture were
included in the study. Women considered at high risk for
infection (7) were cultured for C. trachomatis by standard
clinic protocols for the collection of specimens. Women
considered at high risk were women with known gonorrhea,
women who were contacts of men with urethritis, or women
with mucopurulent cervicitis on examination (34).
Only the initial visit by each woman who visited the clinic

during the study period was used for determining the pro-
portion of women tested for chlamydia. For the purpose of
examining the risk of chlamydial infection, a woman was
eligible only if a specimen for chlamydial culture was ob-
tained at her first clinic visit during the study period. For the
purpose of examining the relationship between the epidemi-
ologic variables and the number of organisms detected in cell
culture, only the first positive culture result during the study
period was used for any woman. Women who were pregnant
or who used an intrauterine contraceptive device were
excluded from the study population.
Examination and clinical definitions. The patients were

interviewed by using a standard history form. Women were
specifically questioned about the reason for their clinic visit,
their symptoms, their menstrual and contraceptive histories,
and their history of prior STDs.

Clinicians performed a standard, directed genitourinary
physical examination of each patient. Clinicians used a

cotton-tipped applicator to obtain a specimen from the
endocervical canal for Neisseria gonorrhoeae culture. After
removing cervical mucus and visually examining the woman
for signs of cervical or vaginal abnormalities, clinicians used
a cotton-tipped wire shaft swab (Medical Wire, Bath, Kent,
United Kingdom) to collect a specimen from the endocervi-
cal canal for C. trachomatis culture. Samples of vaginal
secretions were obtained from the posterior vaginal fornix
for wet mount examination. Sampling techniques and labo-
ratory procedures were constant throughout the study pe-
riod.
We defined vaginal or cervical symptoms to be a vaginal

discharge, itching, pain, dysuria, dyspareunia, a genital
lesion, or a rash. The time since the onset of the patient's last
menstrual period was classified into menstrual quintiles (1, 2,
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3, 4, and >4 weeks). Cervical ectopy was considered to be
any effacement of the squamocolumnar junction beyond the
cervical os (25). The degree of cervical ectopy was defined as
the ratio of ectropion to total ectocervical mucosa and was
categorized as none, less than one-third, one-third to one-
half, and one-half or more. Cervical mucopus was defined as
the presence of a yellow or greenish exudate on the first
endocervical swab (5). Cervical friability was recorded if
cervical bleeding occurred with manipulation during the
examination.

Laboratory testing. Wet mount preparations were exam-
ined for the presence of motile Trichomonas vaginalis. N.
gonorrhoeae and C. trachomatis were isolated and identified
as described previously (24). Specimens for culture of C.
trachomatis were collected into 0.2 M sucrose-phosphate
transport medium and stored at 4°C for less than 24 h.
Specimens were vortexed, and a 0.1-ml portion was applied
to McCoy cell monolayers in each of two wells of a 96-well
microdilution plate by the method of Yoder et al. (51). After
incubation for 72 h at 35°C, chlamydial inclusions were
counted following immunofluorescence staining by using a
Chlamydia genus-specific monoclonal antibody as described
previously (24). The number of inclusions was determined
either by counting all inclusions in each well or, for speci-
mens with >10 inclusions per field, by averaging the number
of inclusions in each of three fields and multiplying that value
by the number of fields per well. The average number of
inclusions per well was multiplied by 10 to give the number
of inclusion-forming units (IFU) per milliliter of transport
medium.

Statistical analysis. We analyzed the number of chlamydial
inclusions detected in cultures from infected women as a
function of the following independent variables: age; ethnic-
ity; use of oral contraceptives; concurrent infection by N.
gonorrhoeae or T. vaginalis; history of any prior STD;
menstrual quintile; genital symptoms; and the presence of
signs of cervical ectopy, cervical mucopus, or cervical
friability.

Univariate analysis. We used the natural logarithm of the
inclusion count (In IFU per milliliter) as the dependent
variable in univariate analysis by each independent variable.
Only those inclusion counts determined during the initial
passage in cell culture were used. Dichotomous independent
variables were analyzed by using Student's t test. Discrete
variables having more than two outcome categories were
examined by analysis of variance.

Univariate analyses of chlamydial isolation rates were
performed by chi-square tests. Relative risks and 95% con-
fidence limits (14) for isolation rates were also calculated for
each dichotomous factor.

Multivariate analysis. We used stepwise linear regression
to determine the best set of independent predictors of
inclusion counts. Only predictors that were found to be
significant in the univariate analyses were included in the
multivariate model. We confirmed each model by using a
backward stepwise procedure and examined all two-way
interactions among the predictors that were included in the
final models.

RESULTS

A total of 9,708 women attended the clinic for an initial
visit during the study period. Chlamydial culture results
were available for 6,315 women (65.0%) tested at any time
during the study period. Of these, 5,276 eligible women
(54.3%) were tested on their first visits during the study

TABLE 1. Proportion of women tested for C. trachomatis by
epidemiologic characteristics, Bellflower STD Clinic,

Indianapolis, 1983 to 1985
No. of women cultured/no.

of women seen (%)

Age (yr)
<20.................................................
20-25...............................................
2:26.................................................

Oral contraceptive use
User................................................
Nonuser...........................................

Ethnicity
Black ..............................................
White ..............................................

Concurrent infection
Gonorrhea........................................
No gonorrhea ...................................

Trichomoniasis ..................................
No trichomoniasis .............................

STD history
Prior STD ........................................
No prior STD ...................................

Vaginal symptoms
Present ............................................
Absent.............................................

Cervical signs
Ectopy

Present .........................................
Absent..........................................

Mucopus
Present .........................................
Absent..........................................

Friability
Present .........................................
Absent..........................................

1,233/2,074 (59.4)
2,349/4,052 (58.0)
1,694/3,581 (47.3)

1,769/3,036 (58.3)
3,507/6,671 (52.6)

3,197/5,838 (54.8)
2,071/3,861 (53.6)

1,965/3,058 (64.3)
3,311/6,649 (49.8)

923/1,639 (56.3)
3,864/6,471 (59.7)

1,774/3,491 (50.8)
3,501/6,215 (56.3)

2,459/5,110 (48.1)
2,816/4,592 (61.3)

425/558 (76.2)
4,704/7,756 (60.6)

686/1,009 (68.0)
3,757/6,231 (60.3)

1,380/2,671 (51.7)
3,623/5,424 (66.8)

period. Clinicians followed criteria for selective laboratory
screening for C. trachomatis (7): younger women, oral
contraceptive users, and women without genital symptoms
were more likely to be tested than were other women (Table
1). In addition, women with signs of mucopurulent cervicitis
(5) and women who were eventually found to have concur-
rent gonorrhea were more likely to be cultured for C.
trachomatis, reflecting the definition of high risk used to
select women for culture.

Endocervical C. trachomatis was detected in the initial
passage of cell culture in 1,300 of 5,276 (24.6%) of the study
population. Of the infected women, 780 were black, 516
were white, and 4 had no racial data recorded (see Table 3).
Of the chlamydia-infected women, 599 (46%) were also
infected with N. gonorrhoeae. Oral contraceptive use was
reported by 1,769 (33.5%) of the subjects. Exclusion of
pregnant women and women who used intrauterine contra-
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TABLE 2. Univariate analysis of factors associated with
numbers of chlamydial inclusions in endocervical specimens

from women attending Bellflower STD Clinic,
Indianapolis, 1983 to 1985

Variable No. of Geometric Pwomen mean IFU/ml

453 742
565 528
212 433

Oral contraceptive use
User
Nonuser

Ethnicity
Black
White

Concurrent infection
Gonorrhea
No gonorrhea

Trichomoniasis
No trichomoniasis

STD history
Prior STD
No prior STD

Vaginal symptoms
Present
Absent

Cervical signs
Ectopy

Present
Absent

Mucopus
Present
Absent

Friability
Present
Absent

552 773
678 455

791 508
438 735

564 706
666 488

213 384
893 646

474 473
756 652

518 596
712 567

146

1,055

713
567

185 550
864 539

381 608
782 590

ceptive devices yielded 1,231 chlamydia-infected women for
analysis of inclusion count data.
The proportions of women with various inclusion counts

were as follows: '100 IFU/ml, 25.0%; 101 to 1,000 IFU/ml,
39.8%; 1,001 to 10,000 IFU/ml, 21.1%; >10,000 IFU/ml,
14.1%.

Univariate analysis of inclusion counts. Univariate analysis
revealed that specimens from younger women yielded sig-
nificantly higher inclusion counts than did those from older
infected women (Table 2). The geometric mean inclusion
count decreased with age from 742 for women less than 20
years old to 433 for women greater than 26 years old. Higher
inclusion counts were also noted in specimens from women
who used oral contraceptives (geometric mean, 773) than in
women who did not use oral contraceptives (geometric

mean, 455). Higher inclusion counts were also associated
with concurrent gonorrhea and white ethnicity.

Chlamydial inclusion counts were lower in women with a
history of STDs than in women with no history of STDs.
Infected black women were more likely than infected white
women to have a history of STDs (348 of 791 [44%] black
women versus 126 of 438 [29%] white women; P < 0.001).
The presence of vaginal trichomoniasis was also associated
with lower chlamydial inclusion counts. We noted no differ-
ence in inclusion counts by vaginal or cervical symptoms or
cervical signs (Table 2). In addition, there was no difference
in inclusion counts by menstrual cycle quintile (data not
shown).
Among the chlamydia-infected women, the racial propor-

tions, age characteristics, and patterns of oral contraceptive
use were similar in gonorrhea-positive and gonorrhea-nega-
tive women. Trichomoniasis occurred more frequently in
women with gonorrhea than in women without gonorrhea.
Of 494 women with gonorrhea and a valid wet mount result,
115 (23.3%) were also infected with T. vaginalis, compared
with 97 of 600 women (16.2%) without gonorrhea (P =
0.004). When analyzed as a dichotomous variable (less than
one-half or greater than or equal to one-half effacement),
cervical ectopy was associated with increased chlamydial
inclusion counts in women without gonorrhea (P = 0.034).
This association was not significant in women with concur-
rent gonorrhea. When cervical ectopy was analyzed as a
ranked categorical variable (no effacement or less than or
equal to one-third, one-third to one-half, or greater than or
equal to one-half effacement), a monotonic increase in
inclusion counts was seen among women without gonorrhea,
although the differences did not achieve statistical signifi-
cance (P = 0.077). Neither mucopus nor cervical friability
was associated with higher inclusion counts.

Multivariate analysis of inclusion counts. Variables with
significant univariate associations with inclusion count (eth-
nicity, age, oral contraceptive use, concurrent gonorrhea or
trichomoniasis, and history of prior STDs) and the presence
of cervical ectopy were evaluated in our regression model.
Age, ethnicity, oral contraceptive use, concurrent gonor-
rhea, and concurrent trichomoniasis were independently
associated with the inclusion count in the multivariate anal-
ysis. No two-way interactions significantly improved the
predictive value of the model. When the study population
was divided according to the presence of concurrent gonor-
rhea, age, ethnicity, and oral contraceptive use remained
significantly associated with the inclusion count in women
without concurrent gonorrhea. In women with gonorrhea,
only concurrent trichomoniasis was associated with the
inclusion count.

Risk factors for chlamydial infection. Risk factors for the
isolation of endocervical C. trachomatis were youth; oral
contraceptive use; concurrent gonorrhea; and the presence
of cervical signs of ectopy, mucopus, or friability (Table 3).
The relative risks for each of these variables were, however,
small, indicating the homogeneous, high-risk nature of the
portion of the clinic population selected for testing.

DISCUSSION

We found several variables to be associated with differ-
ences in the recovery of endocervical chlamydia in cell
culture as measured by inclusion count. There is great
variability in inclusion counts obtained from replicate cell
cultures of identical clinical specimens (22). We therefore
used a large set of chlamydia-infected women to test for

Age (yr)
<20
20-25
-26
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TABLE 3. Relative risks for endocervical C. t
infection among women attendees at Bellflower

Indianapolis, 1983 to 1985

No. with positive
Variable C. trachomatis

culture/no. cultured (%)

454/1,233 (36.8)
599/2,349 (25.5)
247/1,694 (14.5)

Oral contraceptive use
User
Nonuser

Ethnicity
White
Black

Concurrent infection
Gonorrhea
No gonorrhea

Trichomoniasis
No trichomoniasis

STD history
Prior STD
No prior STD

Vaginal symptoms
Present
Absent

Cervical signs
Ectopy

Present
Absent

Mucopus
Present
Absent

Friability
Present
Absent

562/1,769 (31.8)
738/3,507 (21.0)

516/2,071 (24.9)
780/3,197 (24.3)

599/1,965 (30.5)
701/3,311 (21.2)

241/923 (26.1)
931/3,864 (24.1)

356/1,774 (20.1)
943/3,501 (26.9)

566/2,459 (23.0)
734/2,816 (26.1)

169/425 (39.7)
1,095/4,704 (23.2)

199/686 (29.0)
904/3,757 (24.1)

403/1,380 (29.2)
824/3,623 (22.7)

a RR (CI95), Relative risk (95% confidence interval). Wor
were assumed to have a relative risk of 1.00.

associations with a higher statistical power
prior studies.
The results of our univariate analysis sI

numbers of chlamydial inclusions from infecte
were younger, used oral contraceptives, were
had concurrent infection by N. gonorrhoeae.
prior STDs or the presence of concurrent in
vaginalis were associated with lower inclusion
logically plausible hypotheses can be suggest
each of these associations.

Age. Several studies have found age to
correlated with the prevalence of endocervical
tis infection (15-18, 38, 41, 45). Sexually a
under the age of 20 have a two- to threefold

Irachomatis infection than do older women (49), although some studies of
STD Clinic, adolescents have not found this association (8, 42). A similar

relationship of age and infection has been seen in males (37).
Acquired immunity to chlamydia, with increasing age re-

RR (CI95)" flecting increased exposure and subsequent resistance to
chlamydia, may explain these observations. Our study
shows that not only are chlamydial isolation rates lower

2.9 (2.5, 3.3) among older women, but the number of chlamydia recovered
1.8 (1.5, 2.0) from infected older women is less than that recovered from
1.0 (reference) younger women. Partial immunity acquired through previ-

ous chlamydial infection may decrease the excretion of
endocervical C. trachomatis. This could serve to obscure
infection in some women whose chlamydial excretion is

1.5 (1.4, 1.7) below the sensitivity of cell culture. Developmental rather
than immunologic phenomena could also explain our find-
ings. Changes in the cervical epithelium related to age and
not reflected in our gross clinical measurement of cervical

1.0 (0.9, 1.1) ectopy might cause increased chlamydial replication, matu-
ration, and excretion in younger women.

Oral contraceptive use. Results of our study confirm the
results of a smaller previous study (30) in that we found
higher chlamydial inclusion counts in women who used oral

1.4 (1.3, 1.6) contraceptives. Higher chlamydial isolation rates have also
been consistently noted among women who use oral contra-

1.1 (1.0, 1.2) ceptives (2, 13, 15-18, 20, 27, 30, 32, 37, 38, 41, 42, 45, 46,
48, 49). Oral contraceptives may predispose a woman to the
acquisition of infection, increase the excretion of chlamydia
at the endocervix and the sensitivity of the chlamydia culture
system, or both (41, 49). Laboratory studies have provided

0.8 (0.7, 0.8) support for both explanations. Treatment with estrogen
facilitates the development of C. trachomatis in vitro and
Chlamydia psittaci in animal models of chlamydial infection
(6, 35). Cervical ectopy is more frequent in adolescent

0.9 (0.8, 1.0) women and oral contraceptive users (25). Thus, the effect of
oral contraceptive use and age on chlamydial isolation may
operate through promoting cervical ectopy. This could sim-
ply mechanically increase the area of cervical epithelium
exposed for infection or sampling. Alternatively, there may
be a biologic enhancement of C. trachomatis excretion (49).

1.7 (1.5, 1.9) We found no association between cervical ectopy and in-
creased chlamydial inclusion counts, although both youth
and oral contraceptive use were associated with higher

1.2 (1.1, 1.4) counts. These findings suggest that age and oral contracep-
tive use may directly influence chlamydial excretion rather
than being covariates for the presence of cervical ectopy.
We found no differences in chlamydial inclusion counts by

1.3 (1.2, 1.4) menstrual cycle interval among women who did not use oral
contraceptives. This suggests that physiologic hormonal
fluctuations may have little influence on the isolation of
endocervical chlamydia.

Ethnicity. White women with endocervical C. trachomatis
infection had higher chlamydial inclusion counts than did

than those in infected black women, although the magnitude of the differ-
ence was less than that observed for the extreme age strata

showed higher and for oral contraceptive use. In contrast to previous
d women who studies which found higher isolation rates in black women
white, or who (32, 33), we observed no difference in the isolation rates of
A history of endocervical C. trachomatis between white women and

Affection by T. black women. We believe that differences in isolation rates
n counts. Bio- by race are more likely mediated by exposure variables and
ted to explain by practices of seeking health care than by biologic differ-

ences in organism excretion. It is possible that the duration
be inversely of infection, which is impossible to determine because of the
C. trachoma- asymptomatic nature of most C. trachomatis endocervical
active women infections, may determine the level of excretion and, hence,
higher risk of the detectability of infection. If so, the practices of seeking

Age (yr)
<20
20-25
-26
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health care might be confounders in infection status. Prior
studies in Indianapolis have observed important influences
of race, educational level, and socioeconomic status on the
speed with which patients seek care for STDs (3). Alterna-
tively, the ethnic differences in inclusion counts and isola-
tion rates could be due to an influence of C. trachomatis
serotype on excretion and recovery of the organism in cell
culture. If this occurs and the chlamydial serotype distribu-
tion is geographically and ethnically determined, apparent
differences in both inclusion counts and isolation rates could
occur among studies conducted in different populations.

Prior STD. Chlamydial isolation rates are lower in patients
with a history of STDs (26), and this finding was observed in
the study population described here. In addition, our

univariate analysis showed lower chlamydial inclusion
counts in women reporting prior STDs. The lack of informa-
tion regarding specific STDs and the relationship of self-
reported STDs to chlamydial isolation and inclusion counts
requires more detailed study.
Concurrent STD. Results of our study confirm those of

several other studies (18, 30) in that we found higher
chlamydial isolation rates in women with concurrent gonor-
rhea. In addition to the epidemiologic association because of
concurrent exposure between these two sexually acquired
infections, it is possible that infection by N. gonorrhoeae
may reactivate latent chlamydial infection. We observed an

association between concurrent gonorrhea and increased
chlamydial inclusion counts that was not noted previously
(20). The presence of higher chlamydial inclusion counts in
women with gonorrhea suggests that chlamydial shedding
may be increased by concurrent N. gonorrhoeae infection.
Richmond et al. (37) noted an increased frequency of isola-
tion of C. trachomatis in men with concurrent N. gonor-

rhoeae infection. However, C. trachomatis inclusion counts
are lower in urethral cultures from men with concurrent
infection by N. gonorrhoeae than they are in urethral
cultures from men without gonorrhea (30, 43). The mecha-
nism whereby N. gonorrhoeae might increase the excretion
of endocervical C. trachomatis is unclear. Recovery of C.
trachomatis from the endocervix is inversely proportional to
the presence of local antibody, which could be reduced by
the proteases produced by N. gonorrhoeae (4). Further
studies are needed to define a biologic relationship between
chlamydial excretion and infection by N. gonorrhoeae.
Although concurrent gonorrhea was associated with

higher chlamydial inclusion counts in the univariate analysis,
the relationships of age, oral contraceptive use, and ethnicity
to chlamydial recovery were not noted in the women with
concurrent gonorrhea. Concurrent infection by N. gonor-
rhoeae may increase chlamydial excrétion from the chlamy-
dia-infected cervix to such an extent that differences in
inclusion counts as a result of other influences are not
detected. In contrast, concurrent trichomoniasis, which was

associated with low chlamydial inclusion counts in the
univariate analysis, remained associated with chlamydial
inclusion counts in multivariate analysis of women with
concurrent gonorrhea. This suggests that concurrent trich-
omoniasis is not simply a covariate of age, oral contraceptive
use, or ethnicity and may exert an influence on chlamydial
inclusion counts through a different mechanism than these
variables. Our finding that vaginal trichomoniasis was asso-
ciated with reduced chlamydial inclusion counts confirms
the findings of an earlier study (30). T. vaginalis is known to
cause a leukocytic response in patients with vulvovaginitis,
and the inflammatory cells might decrease chlamydial infec-
tivity in vitro. In addition, T. vaginalis is cytotoxic to cell

monolayers, such as those used for the isolation of C.
trachomatis (1). This could result in a lower number of cells
that support chlamydial inclusions in the cell culture system.
A direct effect of T. vaginalis on chlamydia-infected cells is
less likely, because the columnar epithelium of the endocer-
vix is resistant to infection by T. vaginalis (36).

Isolation rates of C. trachomatis. Various epidemiologic
characteristics have been associated with increased isolation
rates of C. trachomatis in other studies (2, 13, 15-18, 27, 29,
32, 38, 41, 42, 45, 46, 48). Isolation rates are complex
outcomes which are influenced by many factors. Risk of
exposure reflects behavioral influences such as sexual activ-
ity and choice of sexual partner. Risk of infection following
exposure reflects biologic susceptibility and resistance of the
host to infection. Finally, detection of infection reflects the
sensitivity of the clinical or laboratory test for infection. We
studied a group of STD clinic attendees who were tested for
C. trachomatis cervical infection. Within this tested group,
we examined isolation rates and compared the factors for
increased risk of infection with those factors found among
infected women to influence the recovery of C. trachomatis,
as measured by inclusion counts. The factors which we
found to influence isolation rates (chance of infection) were
similar, with the exception of ethnicity, to factors associated
with increased isolation rates in prior studies. In our study,
the similarity in factors that were associated with infection
and that were also associated with increased numbers of
chlamydial inclusions in cell cultures suggests that women
who are younger, use oral contraceptives, or (in Indianapo-
lis) are white may be detected more easily by the methods
used in our study. The quantitative effect of each of the
factors associated with chlamydial inclusion counts requires
further study. It is possible that the influences described in
this report are greater in chlamydial detection systems in
which the initial sensitivity is low. The chlamydial culture
system used during this study was less sensitive than other,
more laborious methods of cell culture (23, 40). However,
we believe our findings may be applicable to other clinical
laboratory methods of chlamydial detection because our
findings are similar to those of prior studies in which
different culture systems were used (20, 30). In addition, the
sensitivity of all methods of cell culture on which current
risk factors for chlamydial infection are derived is also
limited (9-11, 19, 28, 39). Other laboratories that have used
different comparative detection methods (28, 47) have found
sensitivities of chlamydial antigen detection tests that were
similar to those found in our laboratory (44), suggesting the
equivalence of the cell culture methods. Magder et al. (29),
using a different cell culture method, did not demonstrate
associations of patient attributes with chlamydial inclusion
counts; however, data from only 172 culture-positive women
were analyzed. The study of Magder et al. (29) also sug-
gested the limited sensitivity of a single endocervical swab
for detecting C. trachomatis: 40% of positive isolates exhib-
ited '10 inclusions; moreover, a 13% increase in case
findings was realized if a second endocervical swab was
obtained and a 19% increase was found if a urethral swab
was obtained from women.
The magnitude of the effect of patient characteristics on

the detectability of chlamydial infection is not known but
varies with the true sensitivity ofthe detection system that is
used. The primary goal of our study was to examine the
differential detectability of C. trachomatis because of factors
that influence cell culture isolation. Our findings suggest that
age, oral contraceptive use, ethnicity, and the presence of
concurrent STDs may influence the recovery of chlamydia in
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cell cultures. Any biologic reasons for these associations
between patient attributes and chlamydial inclusion counts
remain unknown. The chlamydial antigen detection systems
that are becoming popular are less sensitive than cell culture
and may be more likely to show the effect of differential
detectability in younger women and oral contraceptive users
(44; J. S. Lin, E. E. Gray, R. M. Haivanis, W. E. Jones, and
P. A. Rice, Seventh Meeting of the International Society for
STD Research, Atlanta, Ga., 2 to 5 August 1987). Further
studies are necessary to determine the magnitude of this bias
on relative risk estimates for chlamydial infection (12).
However, our study suggests that epidemiologic studies
must be interpreted cautiously when the classification of
patient diagnosis is based on an insensitive measure of
disease.
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