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5 Introduction

Each year in the United States, there are approximately 4.5 million cases of Chlamydia
trachomatis infection . Although many C. trachomatis infections are asymptomatic * the symptoms
and sequelae from infection, including cervicitis, urethritis, chronic pelvic pain, pelvic inflammatory
disease (PID), ectopic pregnancy, and infertility represent a large disease burden . Infection rates
for young, sexually active women range from 5-20%. Infants infected perinatally can develop
pneumonia, otitis media, and conjuctivitis (if not given ocular prophylaxis) *°. In men, chlamydia
infections can cause urethritis, epididymitis, and proctitis "*".

C. trachomatis can be transmitted through vaginal, anal, and oral sex as well as mother-to-
infant. Risk factors in women for infection include having cervical ectopy, being a young female,

1678 " In men risk factors include having

having multiple sex partners, inconsistent condom use
multiple sex partners, engaging in unprotected sex, and having multiple sex partners '.

Detection of genital C. trachomatis infection by ligase chain reaction (LCR) using first void
urine is a non-invasive, highly sensitive, and highly specific procedure *'°. Although the cost of
LCR is higher than other tests such as direct fluorescent antibody (DFA), antigen detection by
enzyme immunoassay (EIA), and nucleic acid probe tests, it is more sensitive and more specific '"'*.
Culture has been considered to be the gold standard in the past, but costs more and is less sensitive
than either LCR or PCR *"*7,

In the U.S., the annual costs of chlamydia infections and their sequelae are estimated at $5
billion. Screening with the urine LCR for the detection of C. trachomatis and treatment of those
persons testing positive with a single dose therapy of azithromycin could prevent a large burden of
disease caused by C. trachomatis infection.

This grant has been in progress for three years. Based upon findings of the study,

recommendations will be made for an effective, cost-effective chlamydia control program designed

to reduce morbidity due to C. trachomatis.



The objectives of this study are to;

1. Determine the prevalence of infection in several military populations at risk of C.
trachomatis infection including: female military recruits, and women attending the
Troup Medical Clinic (TMC) with urogenital symptoms or the Pap Smear Clinic,

2. Determine risk factors predictive of infection;

3. Conduct a cost-effectiveness analysis comparing universal screening versus selective
screening utilizing risk factor criteria;

4. Recommend a chlamydial control program: selective screening and treatment,
universal screening and treatment, or mass therapy for all female basic recruits; and

5. Monitor PID and ectopic pregnancy rates, over the 3 year period of chlamydia

screening.

Determination of the prevalence of chlamydia in the TMC and Pap Clinics were completed
in previous study years. Data regarding these portions of the grant were analyzed for and reported
in previous annual reports.

This year, a number of study objectives were achieved. Incoming female recruits were
screened and the data were analyzed for a third year. Finally, cost-effectiveness models were
finalized to determine how best to prevent the sequelae from C. trachomatis infections in the
upcoming projects’ fourth year.

In addition to the aforementioned study objectives, we screened over one thousand incoming
male recruits to estimate prevalence in men. Risk factors for infection in male recruits were also
studied. This project was undertaken to determine, in part, reinfection potential of women
undergoing the screening program.

From the previous three complete years of research, we make the recommendation that young
age (<25 years) would be a valid risk factor upon which to screen female recruits joining the U.S.

Army.



6 Body
6.1 Methods

STUDY SUBJECTS

Every Sunday, recruits undergoing in processing at the Reception Battalion, Ft. Jackson were
directed to a classroom to be taught about the transmission, symptoms, and sequelae of chlamydia
by a research nurse. Potential subjects were then asked to participate in the study by filling out a
demographic and risk behavior questionnaire and submit a urine specimen. Only female recruits
were screened with the exception of the period from May 24, 1998 to June 14, 1998 when only male
(n=1,203) recruits from the Physical Exam Section (PES) were screened.

After giving their informed consent, each subject completed a questionnaire for demographic
information and sexual risk factor history and provided a urine sample. The questionnaire was a one
page, two-sided scanning form (Scantron Corporation, Tustin, CA). All urine specimens, consent
forms, and questionnaires were shipped to Johns Hopkins University Chlamydia Laboratory, under
appropriate environmental conditions (4~ C for urine specimens).

To determine comparability of the volunteer and non-volunteer recruits at the Reception
Battalion, with regard to demographics and risk history, a sub-sample of those non-volunteering
recruits were invited to anonymously fill out a questionnaire. This sub-sample was collected on the

first Sunday of each month from female recruits and during all four weeks of male recruit screening.

CHLAMYDIA URINE LCR TESTS.
Urines were processed and tested by ligase chain reaction (LCR) (Abbott Laboratories,
Abbott Park, IL) for chlamydial DNA, according to manufacture’s directions. The LCR test is

cleared by the FDA for use with female and male urine specimens.

DATA MANAGEMENT AND ANALYSIS
The scan forms were scanned into an Ascii text format and then appended to the main data
base stored as an Access97 (Microsoft Corporation, Seattle, WA) file. The LCR results,

demographics, and risk factor information were analyzed using chi-squared tests, Fisher’s exact tests



and logistic regression analysis (Stata 4.0, College Station, TX). Data for the multivariate models
were recorded as dichotomous variables (presence of risk vs. no risk or unknown risk) according to

the findings of the univariate analysis.

6.2 Results

FEMALE RECRUITS, FT JACKSON, 1997-8 (3rd Year): Of 6, 812 recruits presenting at the
Physical Exam Station, 5,657 (83.0%) volunteered from August 31, 1997 to August 30, 1998. From
the 5,567 participating female recruits, 88.5% (5007/5655) were age 25 or younger, 49.2%
(2774/5640) were Caucasian, 35.1% (1979/5640) were African American, and 15.7% (887/5640)
were other races. The prevalence for C. trachomatis by urine LCR for the population was 10.3%

(583/5657).

FEMALE RECRUITS, FT JACKSON, 1996-7 (2 project years): A thorough analysis of this
population from January 1996 to December 1997 was completed on 13,223 female subjects
presenting at the Physical Examination Section (See Appendix 9.1.3 for the full article) '*. The
infection status of nineteen individuals could not be determined due to missing data items or
insufficient urine. Of the remaining 13,204 female recruits, the median age was 21 years (range 17
to 39) and 87.9% (11,603/13,204) were age 25 or younger. Half of the women were Caucasian,
35.9% were African American, and 13.1% were other races. The prevalence for C. trachomatis by
urine ligase chain reaction for the entire population was 9.2%.

By questionnaire, 93.1% reported having had vaginal sex, 26.7% had more than 1 sex partner
in the previous 90 days, 31.4% had a new sex partner in the previous 90 days, and only 16.9% always
used condoms. A prior history of chlamydia infection was reported in 9.1%, gonorrhea in 3.3%,
syphilis in 0.6%, and trichomonas infection in 4.6%. Of those volunteers who denied vaginal sex,
1.4% (13/914) were chlamydia positive, and of those who reported always using condoms, 8.4%
(177/2,115) were chlamydia positive.

Of the 823 non-volunteer recruits who filled out a questionnaire anonymously, 203 (24.7%)
did not provide age data and were dropped from the analysis. Their mean age was 21 (range 17 to

36), 51.3% were Caucasian and 31.9% were African American and not significantly different from

10




volunteers. Only 66.9% reported having vaginal sex compared to 93.1% of the volunteers (p <
0.001). In the non-volunteers, four variables were significantly different from those of the
volunteers, even when vaginal sex was controlled for: only 4.0% reported prior chlamydia infections
(p = 0.013), 18.2% had a new sex partner (p = 0.002), 20.1% consistently used condoms (p <
0.001), and 90.7% reported no previous STD diagnosis (p =0.001). Of the non-volunteers, 17.7%
had more than one sex partner in the prior 90 days, similar to the volunteers when controlling for
vaginal sex (p = 0.189).

The age-specific prevalence of C. trachomatis infection for the 13,204 volunteers is shown
in Fig. 1 '®. The highest prevalence of chlamydia was in females aged 17 (12.2%) years. Prevalences
declined sharply with increasing age to below 5% for ages older than 25 years. For further analysis,
the youngest age categories (17 to 25 yr.) were combined into a variable called “young” (prevalence
10.0%, 1162/11,603). In the “older” category (ages 26 to39 yr.) the prevalence was 3.6% (57/1,601).
By race, prevalences were 5.5% (369/6,715) for Caucasian, 14.9% (707/4,733) for African-
American, and 8.1% (143/1,756) for other races.

Univariate Analysis.

Univariate analysis identified 10 significant variables associated with chlamydia infection:
young age (17 to 25 years), African-American race, ethnicity other than Caucasian or African
American, ever having vaginal sex, > 1 sex partner in the previous 90 days, new sex partner in the
previous 90 days, having inconsistently used condoms last 90 days, a previous diagnosis of
gonorrhea, a previous diagnosis of trichomonas, and history of any sexually transmitted disease
(Table 2) '®. Prior diagnosis of chlamydia or syphilis were not significantly associated with being

chlamydia positive.

Multivariate Analysis.

In the complete multivariate model, vaginal sex (odds ratio 5.9, 95% confidence interval 3.2,
10.6), young age (odds ratio 3.0, 95% confidence interval 2.3, 4.0), African American race (odds
ratio 3.4, 95% confidence interval 2.9, 3.8), more than 1 sex partner (odds ratio 1.4, 95% confidence
interval 1.2, 1.7), having a new sex partner (odds ratio 1.3, 95% confidence interval 1.1, 1.6), having

inconsistently used condoms (odds ratio 1.4, 95% confidence interval 1.1, 1.6), and history of any

11




sexually transmitted diseases (odds ratio 1.2, 95% confidence interval 1.0, 1.4) were independent

predictors for chlamydia infection (Table 3).

Strategies for Selective Screening Criteria for Identification of Chlamydia Infections.

A screening strategy using all variables identified as independent predictors would require
testing 100% of the population, and would detect 100% of the positive individuals. In this model,
the magnitude of risk associated with having a new sex partner may vary across race categories. For
the purpose of a screening program, this would not alter the proportion of the population tested or
the percent of positives detected using this model. Because screening based on race would likely be
viewed as inequitable, a strategy excluding race was examined. This strategy would necessitate a
questionnaire, and include those reporting high risk behaviors, such as more than one or a new sex
partner in the previous 90 days, lack of condom use, prior sexually transmitted disease, or young age.
Screening on these criteria would still require testing 100% of the population. If a questionnaire
could be avoided and young age (< 25 years) used alone as the screening criterion, 87.9%
(11,603/13,204) of the population would need to be tested, and 95.3 % (1,162/1,219) of the positives
would be identified. We therefore recommend screening women < 25 years of age only for the last

year of the study.

MALE RECRUITS, FT JACKSON (1998): There were 1,203 men screened, the prevalence of
infection was 4.9%. The mean age was 19.8 (£2.61) years, 61.6% were Caucasian, 33.8% had more
than one sex partner, and 36.7% had a new sex partner in the last 90 days. Only 21.2% of men
reported using condoms regularly, and 2.6% reported having prior chlamydial infections. Of the men
infected with C. trachomatis, only 13.6% reported having symptoms. Risk factors that proved useful
for predicting chlamydial positivity included: African-American race, more than one sex partner, and
a new sex partner. Young age was not a risk factor, as it was for women. This information was

submitted to two conferences in abstract form (See Appendices 9.3.2 and 9.3.3).

CHLAMYDIA PREVALENCE BY PUBLIC HEALTH REGION ORIGIN OF RECRUITS:
The following table, Table 1, describes the geographic variability by the public health region origin

12




of the recruits for 1) females screened this third project year, 2) males screened this third project year,

and 3) females from years one to three of the project. Figures in Appendices 9.4.1, 9.4.2, and 9.4.3.
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DISCUSSION IN RELATION TO STATEMENT OF WORK AND PROBLEMS.

For Year Three, the Statement of Work as stated in the grant proposal included 2 tasks.
#8. Proposed in original grant: Control Program. Based on the results from the cost analysis
results computed in the second year, we will institute a chlamydia control program for incoming
basic recruits. If the mass therapy option is used, the effectiveness of it will be compared to a control
group, which will consist of universally screened women with treatment of infected individuals, and
which will be built into the study design.

Performed: The screening and treatment of female military recruits was continued.

Issues: Mass treatment was computed to be the most cost-effective intervention if the follow-up
time was 5 years; however, the Fort Jackson IRB (Eisenhower, Ft. Gordon) denied approval to test
such an intervention. The Fort Jackson IRB response is attached in Appendix 9.5. For this reason,
continued screening of female recruits and treatment of positives was performed. Permission to have
a mass treatment arm of the study was granted, however, by the Institutional Review Board (IRB)

at Johns Hopkins. We plan to screen based on young age (<25 years) the last year of the study.

#9. Proposed in original grant: Screening. We will continue to screen approximately 15,000
female recruits by urine LCR at Ft. Jackson to monitor prevalence. Treatment with azithromycin,
1.0 gram dose orally, will be offered to those who are infected with chlamydia.
Performed: There were 5657 females and 1203 males who were screened during the year.
Issues: Inability to schedule troops, due to troop commitment to other duties decreased the total
number of female recruits screened over last year by 13.1%. We will start screening based on age

in the fourth study year.
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7 Conclusions and Future Plans

In view of results from the analyses described above and events over the past year, we are
negotiating the following activities for the final year of this study. Each of these six point will be
discussed further below.

1) continuation of the retrospective analysis of care obtained for PID in the women
screened and those women not screened from January 1996 to September 1998 under
the protocol described above;

2) re-specification of the CEA from a one-year analytic horizon;

3) continued screening of male recruits;

4) implementation of a screening protocol based on age equal to 25 or less for women
in processing at Fort Jackson;

5) assessment of the impact of screening based on age on out-patient care obtained
for PID in women offered screening and those not offered screening;

6) implementation of a questionnaire to obtain information on patient preferences for
the use of self-administered swabs and possible use of the self-administered swab by

a sub-set of volunteers at baseline.

Consistent with the protocol described and discussed above, we will continue to
retrospectively document in-patient PID in women. Discussions amongst the investigators have
recently determined that in the absence of data on sex mixing patterns after basic training,
reinfection, and lack of longitudinal screening programs, conduct of the cost-effectiveness analyses
from primarily a one-year analytic horizon, is most relevant to the goals of this study due to potential
for re-infection. Consequently, the cost-effectiveness analysis will be conducted from a one-year
analytic horizon which considers only PID prevented, as well as a multi-year horizon which

considers PID, chronic pelvic pain, and ectopic pregnancies prevented, as has been done in the past.

Preliminary screening efforts for male recruits with internal review board (IRB) approval was

conducted at Fort Jackson, SC from May 1998 to June 1998 identified a C. trachomatis prevalence

16




of 4.9%. Chlamydial infections in men directly impact re-infection rates in female recruits, limiting

the ability of only one screening event to prevent sequelae in females. Documentation of the extent
of infection in male recruits provides preliminary data to determine this potential of re-infection in
women. The pilot data in men were based on 1,203 total men screened. To strengthen confidence
in the prevalence estimates in male recruits, we will again screen for chlamydia in approximately
1,000 male recruits at Fort Jackson consistent with the protocol implemented during the spring of
1998. This project will be assisted by Dr. Jane Cecil, an infectious disease fellow at the Johns
Hopkins University who will travel to Fort Jackson, SC. Arrangements for submission of a modified
IRB application are in progress.

Consistent with the findings of the risk factor analysis noted above and documented in the
recent New England Journal of Medicine publication, young age (i.e., age 25 or less) was the only
factor available for practical use (i.e., facilitated access to data and high political feasibility) which
was significantly associated (O.R. 3.0) with chlamydial infection in the female recruits screened at
Fort Jackson, SC. Additionally, this screening strategy provides a cost-savings over no screening.
Consequently, commencing in October 1998 we will alter the screening protocol to be consistent
with the results of the analysis and screening in the PES will be limited to young women age 25
years or less. This strategy, which will provide screening for an estimated 87.9% of the incoming
recruits, is expected to offer the potential to identify 95.3% of the infections in new female recruits.

Given that approximately 4.7% of all infections in new female recruits would not be
identified by an age based screening protocol, we will conduct chart reviews to assess the magnitude
of out-patient care for PID at Fort-Jackson in women who are screened and those not screened for
the last year of the study. While this review is not intended to provide data for an exhaustive
analysis of the impact of screening on PID, it will indicate potential impact on care sought within
the first eight weeks of service. An addendum to the IRB to obtain informed consent to review
records will be submitted for approval.

The impact of screening based on age on out-patient care obtained for PID in women offered
screening and those not offered screening is currently being assessed. Hospitalizations (PASBA)
for PID (ICD9 codes 614 and 615), infertility (ICD9 code 628), and ectopic pregnancy (ICD9 code

633) in Army enlisted females with less than or equal to one year of service are being examined per
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person year for 1995, 1996, and 1997. Denominator data is being collected from the Defense
Manpower Data Center, Monterey, CA. The Army recruits screened are being followed for
hospitalization. Cases are being comprised of only those subjects that entered full-time active duty
and exclude those going from basic training at Fort Jackson into the reserves who would not be
hospitalized in the military healthcare system unless on temporary active duty. The remaining
females entering the Army as enlisted soldiers during the same time period in which the cases were
gained (as per DMDC) comprise the remainder of the cohort. The cohort is being followed for
hospitalization for chlamydia sequelae through their first year of service.

Another Women's Defense Grant (P.I. Anne Rompalo, M.D.) being conducted at Fort Bragg,
also a collaborative effort between Johns Hopkins and the Army, has found self-administered vaginal
swabs (SAS) to be a potentially convenient alternative to the use of cervical and urine specimens
with high sensitivity and specificity. Others have found the use of SAS to provide a sensitive and
specific way to identify C. trachomatis in women which is highly acceptable '°. To assess the
potential feasibility of future use of self-administered swabs we will implement a questionnaire to
approximately 100 volunteers to determine the preferences of new female recruits with regard to
screening test procedure, as well as ask them to provide a self-administered swab. We will compare
prevalence obtained by urine to that from vaginal swabs in this sub-set of volunteers. An application
for IRB approval is being drafted. ‘

Urine-based screening for C. trachomatis by Ligase Chain Reaction was effective in a
female military recruit population, as well as in a symptomatic Troop Medical Clinic population and
an asymptomatic PAP clinic population. Acceptance was high, the urine specimens were readily
obtained, and the assays were able to be performed quickly and efficiently.

The study has demonstrated a high prevalence (9.0%) for female recruits from a
geographically and demographically diverse group, a substantial prevalence (11.9%) from a
symptomatic Troop Medical Clinic population, and a higher than expected prevalence (7.3%) from
an asymptomatic PAP clinic population. These results have indicated the need for an ongoing
chlamydial control program in such female military groups.

Among recruits, risk factor analysis by multivariate logistic regression identified five

independent, statistically significant, predictors for being infected with chlamydia: young age,
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African American, vaginal intercourse, more than one new sex partner, and a new sex partner in the
prior 90 days. Women that volunteered from the recruit population appeared to have behavioral
characteristics that put them at high risk for chlamydial infections. Women, who were non-
volunteers appeared to be similar demographically and many also practiced high risk behavior, but
were significantly less likely to have these risk factors (prior chlamydia infection, vaginal sex, new
sex partner, more than one sex partner, and inconsistent condom use) than were the volunteers.

Although the women from the symptomatic (TMC) and asymptomatic (PAP) groups had
prevalences that were higher than the recruit population, their demographic and risk factor profiles
were similar. The numbers of women enrolled at the present time are insufficient to perform
univariate or multivariate regression analyses.

A chlamydial screening program that focused on screening all young female recruits (age 25
or less) would require that 87.2% of this population would be screened and 95.8% of all positive
infections would be identified. Such a screening program as this, which employed urine LCR
testing, has the potential to prevent pelvic inflammatory disease and ectopic pregnancy in Army

women.
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Ligase chain reaction (LCR) (Abbott Laboratories, Abbott Park, IlL.) with first-catch urine specimens was
used to detect Chlamydia trachomatis infections in 465 asymptomatic military women attending clinics for
routine Papanicolaou smear tests. Results were compared to results of cervical culture to determine the
sensitivity of the urine LCR and the possible presence of inhibitors of amplification in pregnant and nonpreg-
nant women. Discrepant results for LCR and culture were resolved by direct fluorescent antibody staining of
culture sediments, two different PCR assays, and LCR for the outer membrane protein 1 gene. The prevalence
of Chlamydia in specimens by urine LCR was 7.3% compared to 5% by culture. For 434 women with matching
specimens, there were 11 more specimens positive by LCR than were positive by culture, of which all but one
were determined to be true positives. There were four culture-positive, LCR-negative specimens, all from
nonpregnant women. The sensitivity, specificity, and positive and negative predictive values of urine LCR after
discrepant results were resolved were 88.6, 99.7, 96.9, and 99.0%, respectively. The sensitivity of culture was
71.4%. From the 148 pregnant women (prevalence by LCR, 6.8%), there were no patients who were cervical
culture positive and urine LCR negative to indicate the presence in pregnant women of inhibitors of LCR.
Additionally, a subset of 55 of the LCR-negative frozen urine specimens from pregnant women that had been
previously processed in LCR buffer were inoculated with 5 cell culture inclusion forming units of C. trachomatis
each and retested by LCR; all tested positive, indicating the absence of inhibitors of LCR in urine from these
pregnant women. The use of LCR testing of urine specimens from asymptomatic women, whether pregnant or

not, offers a sensitive and easy method to detect C. trachomatis infection in women.

Approximately 4 million Chlamydia trachomatis urogenital
infections occur in the United States annually, and more than
50 million cases occur worldwide (7, 28). Unfortunately, symp-
toms are often mild or absent among infected men and women,
leaving a large reservoir of infected persons to continue trans-
mission to new sex partners (29). Chlamydial infections occur
primarily among young sexually active persons. A high preva-
lence is common to all socioeconomic groups and may range
from 5 to 20% in various groups of young adults (32, 33).
Because of the high probability of progression of asymptomatic
disease to serious sequelae, it has been recommended that
individuals at risk for chlamydial infections be screened, espe-
cially women who are vulnerable to the serious consequences
of genital infections, such as pelvic inflammatory disease, ec-
topic pregnancy, and tubal infertility (7, 11). Urine can now be
used to detect chlamydial infections in women by ligase chain
reaction (LCR) (2, 8, 14, 20, 31, 34), which with its easily
obtained specimen is a cost-effective method for screening
programs for asymptomatic women (16). Because asymptom-
atic military populations have not been studied widely with
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regard to chlamydial infections (4, 6, 10, 21, 26, 27) and be-
cause the sensitivity of the urine LCR assay has been reported
to be low for samples from pregnant women due to the pres-
ence of inhibitors to amplification (18), we compared urine
LCR to cervical culture for the detection of C. trachomatis in
asymptomatic women attending clinics for routine Papanico-
laou (PAP) smear tests.

MATERIALS AND METHODS

Populations and specimens. Military women (n = 480) attending clinics for a
routine PAP smear test volunteered for a study to compare urine LCR tests to
cervical cultures for the detection of C. trachomatis infections. The volunteer rate
of the women approached by the civilian research nurse was 71%. The study was
approved by the Institutional Review Boards of The Johns Hopkins University,
the U.S. Army Medical Research Material Command. Fort Detrick, Fredrick,
Md., and Womack Army Medica! Center, Fort Bragg. N.C. Of 480 women
enrolled, 465 provided a urine specimen. All subjects completed a questionnaire
for demographic information and behavioral risk factors for scxually transmitted
discases. The data instrument was a one-page, two-sided scanable bubble form
(Scanntron Corporation, Tustin, Calif.). During the pelvic examination, an en-
docervical swab was obtained by the attending clinician at the PAP smear clinic,
who recorded clinical signs and symptoms on the data form. Culture swabs were
placed into 2-sucrose-phosphate chlamydia transport medium. Commercial
transport medium was replaced with in-house transport medium after 1 month of
the study duc to some toxicity of the former to tissue culture cells. Specimens
were stored appropriately (4°C for urine specimens and —70°C for cultures) until
shipping of the urine specimens at 4°C and cultures at —70°C. Shipments were
made to cnsurc arrival at the laboratory within 4 days of collection. All speci-
mens, consent forms, and data forms were shipped to Johns Hopkins Chlamydia
Rescarch Laboratory.
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Laboratory procedures. Urine specimens were processed and tested by LCR
(Abbott Laboratorics, Abbott Park, I11.) according to the manufacturer’s instruc-
tions. Bricfly, 1 ml of urine was centrifuged at 15,000 X g for 15 min. After the
supernatant was removed, 1 ml of urine buffer was added to the pellet and the
mixture was vortexed. After being heated at 97°C for 15 min, specimens were
cooled and 100 ul of each specimen was added to an LCR unit dosc tube. An
appropriatc chlamydia-positive control was included for the processing steps for
cach group of specimens. Additionally, two negative controls and two positive
calibrator controls supplicd by the manufactyrer were used for each LCR assay
run. After the amplification step in the automated thermocycler, unit dose tubes
containing the specimens and controls were transferred to the automated en-
zyme immunoassay machine for the detection of amplified products. Tubes
containing the amplificd products were never opened; the automated enzyme
immunoassay process sampled tubes by piercing the tops of the unit dosc tubes,
which prevented amplicon contamination. In order to prevent other sources of
contamination, specimens were processed in a designated room separate from
the room uscd to amplify and detect specimens. Gloves were frequently changed
and acrosol-barrier pipette tips and dedicated pipettors were used. Strict quality-
control measures such as machinec maintenance checks, daily cleaning of labo-
ratory arcas and equipment with bleach, and area swipe tests to monitor ampli-
con contamination were employed.

Culture specimens were stored frozen at —70°C for up to 3 days. Cultures were
done in 96-well microwell plates in McCoy cells by standard methods (12). Tissue
cultures were stained with genus-specific fluoresccin-conjugated antibody (Kal-
lested, Chaska, Minn.) and species-specific antibody (Bochringer Mannheim/
Syva, San Jose, Calif.). Stained cultures were read for the presence of chlamydial
inclusion bodies with an epifluorescence microscope.

Discrepancy analysis was done for any sample with discordant results between
culture and LCR. A sample that was positive by culture and negative by LCR was
considered to be a true positive, but the discrepancy was investigated for the
presence of inhibitors to amplification by LCR. The urine LCR was repeated
from the originally processed specimen and repeated again after diluting the
processed specimen 1:10 in urine LCR buffer to check for the presence of
inhibitors in the specimen. (Dilution has been shown to sometimes decreasc the
concentration of the inhibitor enough to allow a true-positive specimen to be
amplificd.) Additionally, PCR (Roche Diagnostic Systems, Branchberg, N.J.)
was done on an archived aliquot of frozen urine and another LCR was done for
a different DNA target, the outer membrane protein 1 (OMP-1) gene. For
specimens that were positive by LCR and negative by culture, the culture spec-
imen transport sediment was stained by direct fluorescent antibody (DFA)
(Boehringer Mannheim/Syva) for chlamydial elementary bodies. PCR also was
done on the specimens from the culture transport vials. In addition, PCR was
done on the archived urine and an LCR for the OMP-1 gene was done on the
previously processed (buffered) urine specimen. Specimens that were positive by
one or more of the ancillary tests were considered true positives. An LCR-
positive urine specimen which could not be confirmed by another test was
considered to be a false positive.

Testing of urine specimens from pregnant women. A subsct of all available
(n = 55) previously processed (buffered) LCR-negative urine specimens that
were from pregnant women were inoculated with 5 inclusion forming units of
C. trachomatis and retested by LCR to check for the presence of inhibitors.
Additionally, 65 archived LCR-negative unprocessed urine specimens that were
available from pregnant women were tested by a research internal control assay
to evaluate the presence of inhibitors (9). This assay tested for the ability to
amplify an extrancous sequence of DNA which was added as an internal control
to the specimen. The assay contained primers for the extraneous DNA internal
control as well as the primers for the organism of interest. A positive amplifica-
tion of the internal control indicated that the specimen contained no inhibitors
to the amplification process, while a negative result indicated that the specimen
contained something which inhibited the amplification process.

Data analysis. The data from the questionnaire forms were scanned into a
data set (D-base III Plus; Ashton Tate, Borland International, Spring Valley,
Calif.), and LCR results, demographics, and risk factor information were ana-
lyzed by the chi-square test, Fisher’s tests of exactness, and univariate analysis
(Intercooled Stata, version 4.0; Stata Corporation, College Station, Tex.).

RESULTS

Patient characteristics. Among the 480 women enrolled,
only 1 woman had reported mild symptoms and the remainder
were asymptomatic. Approximately half (55.2%) were 25 years
or younger, and 50.8% were African-American. Over 90%
were enlisted personnel, 98.3% reported vaginal sex, 11.3%
had a new sex partner in the previous 90 days, 15.2% had more
than one sex partner in the previous 90 days, 88.5% reported
inconsistent condom use, and 30.8% were pregnant (Table 1).
Reasons for clinic visit, clinical presentation, and sexual risk
history are presented in Table 1. Of the 465 women who
provided a urine specimen, the overall prevalence for chla-
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TABLE 1. Characteristics of military women screened for
C. trachomatis at Fort Bragg, N.C.

No. of women

Variable Y

(n = 480)
Mcdian age, yr (range)” 25 (19-47)
Ethnicity”
White 181 377
African-Amcrican 244 50.8
Other (American Indian, Alaskan, 52 10.8
or Asian Pacific)
Military category”
Enlisted personnel 439 91.5
Officer 36 1.5
Reason for clinic visit
Sex partner of infected individual 1 0.2
Complaint of symptoms i 0.2
Screening 470 97.8
Other 4 0.8
Clinical presentation?
Mucopus 1 0.2
Cervicitis 5 1.0
Ectopy 5 1.0
Cervical motion tenderness 3 0.6
Friability 39 8.1
Pregnant 148 30.8
Normal exam 348 725
Sexual history (past 90 days)
More than one sex partner 73 15.2
New sex partner 54 11.3
Consistent condom use 51 10.6
Inconsistent condom use 425 88.5
Previous diagnosis®
N. gonorrhoeae 20 4.2
C. trachomatis 86 17.9
Syphilis 5 1.0
Trichomonas 41 8.5
None 348 72.5
Chlamydia-positive urine LCR/ 34 7.3
Chlamydia-positive culture® 24 53

¢ Data missing for eight women (1.7%).

® Data missing for three women (0.6%).

¢ Data missing for five women (1.0%).

“ Data missing for 27 women (5.6%).

¢ Data missing for two women (0.4%).

/ Urine specimen for LCR missing for 15 women.

# Cervical specimens for culture missing for 21 women and 10 toxic specimens
collected.

mydia infection by LCR was 7.3%. The prevalences of infec-
tion for other categories based on LCR included 11.0% for
women =25 years of age, 8.9% for African-American women,
and 6.8% for pregnant women. By risk category the preva-
lences were 15.1% for those with a new sex partner in the
previous 90 days, 10.3% for those with more than one sex
partner in the previous 90 days, 7.5% for those with inconsis-
tent condom use, 7.4% for those reporting vaginal sex, and
3.6% for those with a prior chlamydial infection.

In univariate analysis only young age (=25 years) (odds ratio
[OR], 4.23; 95% confidence interval [CI], 1.72 to 10.43) and a
new sex partner (OR, 2.61; 95% ClI, 1.11 to 6.1) were predic-
tors of chlamydial infection (Table 2). However, when we con-
trolled for age, a new sex partner was no longer significant.

Comparison of urine LCR to cervical culture. Of the 465
women, 31 women did not have matched culture specimen
results. Ten specimens were toxic for tissue culture and no
cervical cultures were collected from 21 women, leaving 434
matched specimens for comparison. After the use of the com-
mercial chlamydia transport buffer was stopped and the in-
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TABLE 2. Univariatc analysis of results relative to factors associated with positive urine LCRs for
military women attending PAP smear clinics

e with a positive LCR

Factor” OR (95% C1) r
Factor absent Factor present
Age =25 yr (254) 2.8 11.0 4.2(1.72,10.43) 0.002
African-American (233) 6.8 8.6 1.3(0.61,2.7) 0.501
Pregnant (142) 7.4 7.0 0.94 (0.44, 2.03) 0.882
Normal pelvic exam (275) 12.5 6.6 0.49 (118, 1.31) 0.154
Prior diagnosis of STD" (127) 83 39 0.45(0.17, 1.2) 0.110
Having had more than onc sex partner in last 90 days (68) 6.8 10.3 1.6 (1.53,3.73) 0.316
Having had a new sex partner in last 90 days (53) 6.4 15.1 2.6 (111, 6.10) 0.027¢

“ Numbers in parenthescs represent numbers of individuals with the factor present (n = 465).
P STD, sexually transmitted discase (chlamydia, gonorrhea, syphilis, or trichomonas).

© A new sex partner was not significant when we controlled for age.

house 2-sucrose-phosphate medium was used, no further spec-
imens toxic to tissue culture were observed. Among the 31
specimens without matched results, there were two LCR-pos-
itive urine specimens for which a matching cervical culture was
not collected.

From the 434 matched specimens, 32 (7.4%) were LCR
positive, of which 31 (7.3%) were confirmed as true positives
(Table 3). There were 21 LCR-positive, culture-positive spec-
imens. Four patients had urine-LCR-negative, cervical-cul-
ture-positive specimens. Discrepancy analysis of these LCR-
negative, culture-positive specimens demonstrated that one
was positive in the repeat LCR assay and was OMP-1 LCR
positive, one had a negative value which was close to the cutoff
value for a positive result and was PCR positive when the
archived frozen urine was tested, one had a culture transport
specimen that was PCR positive, and the results of one could
not be confirmed by any of the ancillary tests, including repeat
culture. The initial LCR-negative results from these four urine
specimens were all considered to be false negatives.

There were 11 specimens that were LCR positive and cul-
ture negative, 10 of which could be confirmed as true-positive
specimens (Table 4). Five were DFA positive, six were urine
PCR positive, seven were culture PCR positive, and eight were
OMP-1 LCR positive. Thus, all but one of these LCR-positive
specimens were confirmed as true positives by at least one or
more additional assays. After resolution of the discrepant re-
sults, the sensitivity, specificity, and positive and negative pre-
dictive values of urine LCR were 88.6, 99.7, 96.9, and 99.0%,
respectively (Table 3), and the sensitivity of culture was 71.4%.

TABLE 3. Comparison of urine LCR to cervical culture for
C. trachomatis in military women attending
PAP smear clinics

Resolved patient

No. of women” R ¥ b
infection status

Test Result with test result
(%) Positive Negative
Cervical culture  Positive 25(5.8) 25 0
Negative 409 (94.2) 10 399
Urine LCR® Positive 32(74) 31 1
Negative 402 (92.6) 4 398

“ Four hundred eighty women enrolled; 434 had matching specimens.
® Resolved patient infection status was defined as the resolved status of a

paticnt with a positive culture or with a urine specimen positive by two tests -

(LCR, DFA staining, PCR OMP-1 gene, PCR plasmid gene, and LCR OMP-1).

€ After discrepant results were resolved, sensitivity was 88.6%, specificity was
99.7%, and positive and ncgative predictive values were 96.9% and 99.0%,
respectively (sensitivity of culture, 71.4%).

LCR of urine of pregnant women. Therc werc 148 urine
specimens from pregnant women. The prevalence of chla-
mydia infection by LCR for the pregnant women was 6.8%,
and that for the nonpregnant women was 7.8%. There were no
culture-positive, LCR-negative results from pregnant women
which could have indicated the presence of LCR inhibitors. All
four of the culture-positive, LCR-negative specimens were
from women who were not pregnant. In addition, a subset of 55
LCR-negative urine specimens, previously processed in LCR
buffer and frozen, which were from pregnant women and were
inoculated with chlamydia and retested by LCR were all LCR
positive, indicating the lack of inhibitors. Of the 65 available
archived urine specimens from pregnant women which were
LCR negative and tested in the internal control assay, there
were 3 (4.6%) that exhibited inhibition based on a negative
value for amplification of the internal control.

DISCUSSION

Chlamydia infections were of a higher prevalence than ex-
pected from these asymptomatic military women attending a
clinic for a routine PAP smear test. An LCR prevalence of
7.3% underscores the necessity for the recommendation to
screen all sexually active young women when they are attend-
ing a routine health care clinic (7). The high prevalence of
11.0% for those =25 years of age confirm the result of studies
of others that young age is a significant risk factor for chla-
mydial infections (13, 17, 22). These results indicate the need

TABLE 4. Resolution of urine-LCR-positive and cervical-culture-
negative discrepant results for C. trachomatis in military
women attending PAP smear clinics (n = 11)

Test result
Laboratory Status
no. LCR FA® P(_ZR PCl_l LCR for
(urine) (urine) (cervix) OMP-1 (urinc)
1264 + - - - + Confirmed
2407 + + + + + Confirmed
3197 + + + + + Confirmed
3659 + - - + — Confirmed
3891 + - — - + Confirmed
5560 + + - + + Confirmed
5570 + - - - - Unconfirmed
6082 + - + + + Confirmed
6280 + + + + - Confirmed
6966 + + + + + Confirmed
8016 + - + - + Confirmed

“ DFA staining of culture transport vial spccimen.
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for an ongoing chlamydial control program for such female
military personnel as those enrolled in this study. This popu-
lation demonstrated a high degree of sexual behaviors placing
them at risk for sexually transmitted discascs, with 98% being
sexually active, 15% having more than one partner, 11% hav-
ing a ncw partner in the last 90 days. and 88% using condoms
inconsistently. All of these behaviors have been shown by oth-
ers to be predictive of chlamydial infection (1, 22-24, 36). In
the univariate analysis for this study, both young age (preva-
lence, 11.0%) and having had a ncw partner (prevalence,
15.1%) reached statistical significance. However, when we con-
trolled for age, a new sex partner was not significant. Young
age (=25 years), which is an casily determined risk factor and
which is a nonthreatening question for those women who may
be reticent to answer questions about their sexual behavior,
appears to be an excellent predictor of chlamydia infection and
can be recommended for deciding who should be screened in
clinical or outreach situations (13, 17).

Urine LCR performed well in this study of asymptomatic
women, with a sensitivity of 88.6%, which is similar to that
demonstrated by others for asymptomatic women (87.5%) (2).
Compared to cervical culture, which had a sensitivity of 71.4%,
LCR detected more infected women. Many rcasons can ac-
count for the lower culture sensitivity. Not only can the cold
chain of transport be interrupted, but the quality of the trans-
port medium is important as well. Initially, a commercially
available transport medium was used in this study, which re-
sulted in many (10) toxic tissue culture results. Quality-control
assays of the remaining lot of uninoculated transport medium
demonstrated that it was toxic to cells in tissue culture. After
switching to the use of our own transport medium, which is
quality controlled in tissuc culture, we observed no further
toxicity.

Additionally, the quality of the endocervical specimen, as’

measured by the presence of columnar epithelial cells, has
been shown to play a significant role in the numbers of positive
specimens (19, 37). In another study of family-planning clinics
in Baltimore, Md., clinicians obtained adequate specimens
only 72.3% of the time (37). Thus, inadequate cervical swab
specimens could have contributed to the lower sensitivity of
culture in our study. Other studies have demonstrated higher
sensitivities for urine LCR than cervical culture (2,5,8, 20,31,
34). Sensitivities for cervical culture in these studies has ranged
from 45.5 to 46.9% to 55.6 to 65.0% (2,5, 8, 34). Schachter et
al. have demonstrated that the sensitivity of culture for C. tra-
chomatis may be increased from 67.1% to 74% by adding a
urethral swab culture, which could be indicative that some
women may be infected only in the urethra and not the cervix
(31). This could help explain the higher number of positives
found by urine LCR, presumably reflecting infections from
both the cervix and the urethra. Because urine is an easy-to-
obtain, noninvasive specimen giving accurate results with LCR,
it is ideal for screening asymptomatic individuals who may not
be presenting for a pelvic exam or for outreach screening
programs.

Although our study enrolled only 148 women who were
pregnant, we did not observe any indication of inhibitors in
urine specimens, as evidenced by the lack of urine-LCR-neg-
ative results when the cervical culture was positive. Although
there were four such specimens in this study, they were all from
nonpregnant women. Another study has reported a significant
problem with inhibitors in urine with use of the LCR test;
however, the urine specimens were transported at ambient
temperatures, which may have influenced the LCR results (18,
25, 30). The spiking experiment in our study did not demon-
strate any inhibitors in the 55 LCR-ncgative, previously frozen
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urin¢ specimens from pregnant women. It is possible that
freczing and thawing of these processed urine spccimens re-
duced or destroyed some LCR inhibitors. Freezing and thaw-
ing reduced the inhibition from 19 to 16% in one study (35).
Additionally, the experiment which tested the archived urine
of 65 pregnant women demonstrated only threc (4.6%) inhib-
ited specimens. This valuc is of the same order of magnitude as
that reported by others for inhibition in urine specimens (2.6
and 1.8%) for amplified testing (3, 15). Most investigators now
believe that inhibitors to amplification exist for both urine and
cervical specimens (3, 15, 35). A combination of heat treat-
ment (95°C for 10 min) and 10-fold dilution of the processed
specimen reduced inhibition of PCR from 19 to 4% in one
study (35). The pH of the cervical mucosa was partly correlated
with inhibitors (35). Decreased inhibition was found at pH
values of =7.5. The degree to which inhibitors to amplification
influence the prevalence detected by LCR and PCR needs to
be further studied. Roche Molecular Systems has addressed
this problem by incorporating an internal DNA control ampli-
fication and detection assay into their new combination PCR
assay for C. trachomatis and Neisseria gonorrhoeae, which will
prove to be a great advance in the diagnostic capability of
amplification assays. Specimens exhibiting inhibitors can be
diluted or heated and their DNA can be extracted, and tests
can be repeated. The use of the internal control will give a
greater degree of confidence to the validity of a negative am-
plification result. Consideration of the use of an internal con-
trol should be given for amplification tests in the future. The
College of American Pathologists now requires examination of
a control to assess the presence of inhibitors in all amplifica-
tion procedures.

In summary, young sexually active women, including those in
the military, should be frequently screened for chlamydia in-
fections. Urine LCR offers an easy and sensitive method to
accomplish this, especially for women not presenting for a
pelvic examination. It is cost-effective in preventing the expen-
sive sequelae of pelvic inflammatory disease, ectopic preg-
nancy, and tubal infertility (16).
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The accuracy of pooling urine samples for the detection of genital Chlamydia trachomatis infection by ligase
chain reaction (LCR) was examined. A model was also developed to determine the number of samples to be
pooled for optimal cost savings at various population prevalences. Estimated costs included technician time,
laboratory consumables, and assay costs of testing pooled samples and retesting individual specimens from
presumptive positive pools. Estimation of population prevalence based on the pooled LCR results was also
applied. After individual urine specimens were processed, 568 specimens were pooled by 4 into 142 pools and
another 520 specimens were pooled by 10 into 52 pools. For comparison, all 1,088 urine specimens were tested
individually. The sample-to-cut-off ratio was lowered from 1.0 to 0.2 for pooled samples, after a pilot study
which tested 148 samples pooled by 4 was conducted. The pooling algorithm was 100% (48 of 48) sensitive when
samples were pooled by 4 and 98.4% (61 of 62) sensitive when samples were pooled by 10. Although 2.0% (2 of
99) of the negative pools of 4 and 7.1% (1 of 14) of the negative pools of 10 tested presumptive positive, all
samples in these presumptive-positive pools were negative when retested individually, making the pooling
algorithm 100% specific. In a population with 8% genital C. trachomatis prevalence, pooling by four would
reduce costs by 39%. The model demonstrated that with a lower prevalence of 2%, pooling eight samples would
reduce costs by 59%. Pooling urine samples for detection of C. trachomatis by LCR is sensitive, specific, and cost
saving compared to testing individual samples. '

There are 89.9 million cases of genital Chlamydia trachoma- accurate and has been used to reduce the cost of enzyme-
tis infection every year worldwide (13), 4.5 million of which linked immunosorbent assays for detection of antibody to HIV
occur in the United States (4). Although many C. trachomatis (1, 6). Pooling for HIV testing has been used to develop both
infections are asymptomatic (16), the sequclae from infection, population estimates and, in a multiple-step procedure, to de-
including pelvic inflammatory discase (PID), and infertility,  termine which individual sample is positive. Pooling has also
represent a large burden for populations worldwide. Further-  been applied to the PCR detection of C. trachomatis in endo-

more, inflammatory sexually transmitted diseases, such as  cervical and urethral scrapes (9), but in that study the sample
those caused by C. trachomatis, increase the risk of both human size was small. The investigators acknowledged the need for
immunodeficiency virus (HIV) transmission and infection (7, subscquent studies to rule out the possibility of reduced sen-
11). Together, the high percentage of asymptomatic infections, sitivity by diluting out individual specimens in the pool.
the sequelae of infections, and the increased association with The screening of women at risk for C. trachomatis has been
HIV transmission underscore the importance of screcning as a recommended by the Institute of Medicine as a cost-effective
necessary intervention to reduce the burden of discascs caused program which would prevent the high cost of untreated in-
by C. trachomatis. o ) ) . fections which lead to PID (4). As a screening and treatment
Detection of genital C. trachomatis infection by ligase chain intervention reduces the prevalence of C. trachomatis infection
reaction (LCR) with ﬁrstjv_oid urine is a noninvasive, highly over time, the cost per specimen tested with the pooling pro-
sensitive, and highly specific procedure (2, 8). Although the tocol algorithm would be further decreased. The reduction in
cost of LCR is higher than that of other tests such as direct price occurs for two reasons: (i) as prevalence decreases, pool-
fluorescent antibody, antigen detection by enzyme immunoas- ing a greater number of samples increases cost savings and (ii)
say, and nucleic acid probe tests, LCR is more scnsitive and 2 samples from fewer pools would test presumptive positive
more specific (13, 17). Culture has been considered to be the such that fewer samples would be retested individually. There-
“gold §tandard” in the past but costs morc and is less sensitive fore, the cost for finding one case does not increase dramati-
than ether LCR or PCR (3, 5, 10, 12, 1‘.1)' as f cally as prevalence decreases, as is the case when samples are
Pooling serum samples for HIV testing was found to be tested individually.
In this study we examined the accuracy and cost-saving abil-

* Corresponding author. Mailing address: The Johns Hopkins Uni- ity of pooling urine specimens for the detection of genital

versity, Division of Infectious Discascs, Ross Rescarch Bldg., Room C trachomatis infections by LCR. A cost analysis of the pool-
1159, 720 Rutland Ave., Baltimore, MD 21205. Phonc: (410) 614-0932. {ng protocol was conducted to determine the number of spec-
Fax: (410) 955-7889. E-mail: cgaydos@weclchlink.welch.jhu.cdu. imens it would be necessary to pool in order to provide the
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highest cost savings. taking into account the prevalence of
infcction in the population screencd.

MATERIALS AND METHODS

Sample size and parameters. As part of an ongoing study to determine chla-
mydia prevalence in asymptomatic U.S. Army females with a mean age (2
standard deviation [SD]) of 22 (x4 years). urine samples were tested by LCR o
ascertain genital Co wrachomatis infection. A sample of 568 processed urine
speeimens was pooled by 4 into 142 pools. and 320 specimens were pooled by 1)
into 52 pools. Pools were formed by order of consecutive laboratory aceession
number. All LOSS pooled urine samples were also tested individually. For all
discrepant individual and pool results, both the individual samples and the pools
were retested to confirm results.

Urinc specimen, collection, preparation and assay setup. Specimen, collee-
tion, preparation, and assay sctups were performed according o the manufac-
turer’s instructions for the urine-based chlamydia LCR assay (Abbott Labora-
torices, Abbott Park, 111.).

Specimens were refrigerated immediately after collection and shipped over-
night delivery with wet packs to maintain refrigerator temperature. Specimens
were cither processed immediately on arrival at the laboratory or refrigerated
and processed within 2 days. The total time before processing never exceeded 4
days as per the LCR package inscert. Processed refrigerated specimens were
amplificd the day after processing. Processed urine can be refrigerated or frozen
for up to 60 days before testing. We refrigerated our processed specimens for up
to 7 days in casc retesting was needed.

One milliliter of urine was centrifuged at 29,000 X g for 15 min (%2 min) at
room temperature. The supernatant was removed, and the pellet was resus-
pended into 1.0 ml of LCR urine specimen resuspension buffer and vortexed.
Preparations were then boiled at 97°C (2°C) for 15 min (1 min) to extract the
DNA and stored at 2 to 8°C for up to 7 days until tested. Processed urine
specimens were subscquently tested individually and tested pooled.

When specimens were tested individually, a volume of 100 pl of processed
urinc specimen was placed into its own LCR chlamydia amplification vial (unit
dose). For each pool of four, 25 ul of cach of the four processed specimens was
placed into a single unit dose. For cach pool of 10, 10 ul of cach of the ten
processed specimens was placed into a single unit dose. The total specimen
volume was then 100 pl for each unit dose. Two negative controls, two positive
calibrators, and a positive processing control were included in every amplification
run in accordance with the manufacturer’s instructions.

DNA amplification and detection. Unit dose tubes containing DNA prepara-
tions were amplified under the following conditions: 40 cycles of denaturation at
93°C for I s, anncaling at 59°C for 1 s, extension at 62°C for | min, 10 s, and
soaking at 25°C in an LCR thermocycler (Abbott Laboratorics). Amplified DNA
was detected in an LCR-automated machine which performed a particle-based
enzyme immunoassay with a fluorescent signal. For individually tested samples,
a sample-to-cutoff ratio (S/CO) of =1.0 was considered positive, and borderline
negative samples (0.80 to 0.99 $/CO) were retested, according to manufacturer’s
instructions.

Pilot study. Because the volume for cach individual urine specimen is de-
creased in the pooled assay, a pilot study was conducted to determine an appro-
priate $/CO for the pooled assays. The desired S/CO would detect all positive
pools while not detecting most, if not all, negative pools. The pilot study con-
sisted of 148 processed urinc samples from the ongoing study of female U.S.
Army recruits. The technician, blinded to the individual test results, pooled and
tested these 148 samples by four. By lowering the S/CO from 1.0 to 0.2, all of the
positive pools were detected (100%) (25 of 25) and only 2.7% (1 of 37) of the
negative pools tested presumptive positive. Since all pools which test positive are
retested, specificity with the pooling algorithm is 100%, i.c., no different than
with testing processed specimens individually.

Cost analysis. A model was developed to determine the pool size that yiclded
the highest cost savings. The binomial distribution was used to estimate the
number of pools that are likely to be positive given a selected pool size and
population discase prevalence. Next, the optimal pooling number for a range of
discasc prevalences was calculated. For a dichotomous outcome (i.c., positive or
negative test result for a genital C. rachomatis infection), independence was
assumed (i.e., the order of the samples received was random with regard to the
distribution of the positive or negative samples in the population). The expected
percentage of positive pooled assays was determined using the following cqua-
tion: s = [(I = r/n)] X 100%, where s is the expected number of positive pools,
ris the number of positive samples tested, # is the total number of samples tested,
rin is the prevalence of discasc, and c is the number of specimens pooled. This
cquation accounted for the probability that from 1 to ¢ samples in the pool were
positive.

A bascline total cost of $12.76 per individual sample which included $0.36 for
laboratory consumables, $3.56 for technician cost, and $8.84 for the LCR assay
was used. Laboratory consumables include gloves and supplics used for handling
samples. Technician cost was calculated assuming an average of 10 runs per week
(i.c., 380 samples), an annual salary of $30,000 with an additional 28% of salary
in benefits, and a 69% laboratory or university overhead (i.c., $30,000 X 1.28 X
1.69 = $64,896). The cost of the five controls used for each 19 specimens tested
was calculated into the LCR assay cost, in which the basc cost per unit dose was
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$7. A sensitivity analysis was also done first, with the base cost per unit dose
ranging from $5 to $15. technician cost set at $3.56, and cost for laboratory
consumables set at $0.30 per specimen tested. In the second sensitivity test, the
annual salary of the technician ranged from $20,000 with 209 overhead to
$H.000 with 6977 overhead. unit dose cost was set at $7.00. and cost for labo-
ritory consumables set at $0.36 per specimen tested. Low technician and tow
assay costs as well as high technician and high assay costs were also caleulated.
Estimation of population prevalence with pooled data. Pooling can also e
used to reduce the cost of estimating poputation prevalence. Based on caleula-
tions from a previous study, the estimated population prevalence and 95%
confidence interval (C1) were back caleulated from the pooled data (6). Separate
estimates were made for samples pooled by 4 and by 10. Caleulations were based
on the following equations: (i) Estimated prevalence: p = 1 = [I = (s/n)]" (ii)
(SD): SD = {[(s/n) X (1 = s/m)> i X )} (iii) 95% Cl: p + 1.96 (SD)
where s is the total number of presumptive-positive poals, # is the total number
of pools. and ¢ is the number of specimens in cach pool.

RESULTS

Sensitivity and specificity of the pooled assays. A compari-
son of the distribution of S/COs for the individual and pooled
samples indicated that lowering the S/CO from 1.0 to 0.20 for
determining positive pools resulted in high scnsitivity with a
low proportion of specimens from negative pools that need to
be retested individually (Fig. 1). There were two weakly posi-
tive individual specimens (i.e., an S/CO of =1 but <2.0) in the
pilot study (pooled by 4), six weak positives in the study pooled
by 4, and four low positives in the study pooled by 10. These
weak positives were the only positive specimens in the pool.
These pools all tested between 0.2 and 1.0 and sometimes
higher.

The pooling algorithm was 100% (48 of 48) sensitive when
pooling by 4 and 98.4% (61 of 62) sensitive when pooling by 10
(Table 1). Although 2.0% (2 of 99) of the negative pools of
four and 7.1% (1 of 14) of the negative pools of 10 tested
presumptive positive, all of the samples in these pools would be

~ retested individually, according to the pooling algorithm. Re-

testing the individual samples in the presumptive-positive
pools resulted in no false-positive specimens (100% specifici-
ty).

Cost analysis. For a population with 8% genital C. tracho-
matis prevalence, which is close to the 8.5% prevalence found
in our study population of female U.S. Army recruits, pooling
by four provided the highest cost savings. The reduction of
total assay costs per specimen, which included technician time,
decreased from $12.76 to $7.78, i.e., by 39%. The model dem-
onstrated that with a 2% prevalence, pooling eight samples
would reduce the cost per sample by 59%. A population prev-
alence graph was constructed from the model to determine the
number of pooled samples that would achieve the highest cost
savings (Fig. 2).

A sensitivity analysis for the cost savings model was con-
ducted with ranges of both technician and LCR unit dose costs.
For specimens tested individually, raising the base cost of the
LCR unit dose from $7 to $15 resulted in an increase of the
total cost per specimen tested from $12.76 to $22.87, whereas
lowering the cost of the LCR unit dose to $5 reduced the total
cost per specimen tested to $10.24. Similarly, raising the annual
salary of the technician from $30,000 to $40,000 and assuming
28% benefits and 69% overhead increased the total cost per
specimen tested from $12.76 to $13.95, whereas lowering the
technician’s annual salary to $20,000 and the overhead to 20%
reduced the total cost per specimen tested from $12.76 to
$10.89. The cost per specimen tested with the low unit dose
and low technician costs was $11.43, while the high unit dose
and technician costs yielded a cost of $24.06 per specimen
tested.

For a population prevalence of 8% and pooling by four,
ranging the unit dose cost from $5 to $15 would result in a total
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FIG. 1. Detection of genital C. trachomatis infection by LCR. Graphs A and C show the distribution of individual urine samples from two groups of 568 and 520
women taken from the study population. Graph B shows the distribution of the samples in A pooled by 4 (n = 142), and graph D shows the distribution of the samples
in C pooled by 10 (1 = 52). The S/CO for individual samples, which was 1.0. was lowered to 0.2 for pooled samples, as indicated.

cost of $6.43 and $13.17, respectively, per specimen tested.
Ranging technician cost from low to high would result in a total
cost increase of $6.36 and $8.68, respectively, per specimen
tested. The overall savings of the pooling algorithm over indi-
vidual testing ranged from 37 to 42% when low to high unit
dose cost was considered. Similarly, the overall savings ranged
from 42 to 38% when a low-to-high technician cost was con-
sidered. The total cost per specimen with the pooling by four
algorithm with both the low unit dose and low technician cost
was $5.01 per specimen tested, and that with the high unit dose
and high technician cost was $14.07 per specimen tested. In all
of these scenarios, pooling provided a cost savings compared
with individual testing.

Estimation of population prevalence with pooled data. The
observed prevalence for the individual samples in the 142 pools
of 4 was 8.5% (48 of 568), and that for the 52 pools of 10 was
11.9% (62 of 520) (Table 1). The estimated population prev-
alence, back calculated from the number of positive pools, for
the 142 pools of 4 was 9.1 (95% CI: 6.5 and 11.6), and for the
52 pools of 10 it was 12.9 (95% CI. 8.8 and 17.0). Each 95% CI
included the observed prevalence of the subsample, 10.1%
(110 of 1,088). Additionally, each 95% CI included values

within 8 to 9%, the overall prevalence measured in a much
larger sample (>10,000) of this population.

DISCUSSION

In this study we evaluated pooling of processed urine spec-
imens for LCR detection of C. trachomatis for both accuracy
and cost-saving ability. The high sensitivity and specificity of
LCR was not affected by pooling up to 10 samples when the
S/CO was adjusted from 1.0 to 0.2. Although a small percent-
age of negative pools tested presumptive positive, no specificity
was lost with the pooling algorithm, since all specimens in
pools which test presumptive positive are retested individually
with the manufacturer’s specified S/CO for the individual test.
Since retesting negative pools does increase costs, the speci-
ficity of pools must be high.

The cost analysis model showed that depending on the prev-
alence of C. trachomatis, the number of specimens that should
be pooled for optimal cost savings varies. As prevalence de-
creases, the pooling protocol for screening could save more
than 59% of the cost per specimen compared to that for testing
individual samples only. Also, early studies have shown that C.
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TABLE 1. Accuracy of pooling urinc samples for the detection of
genital C. trachomatis infection in asymptomatic women by LCR”

Result tor pootl size with
indicated no. of samples

Paramcter
4 10
Total no. of urinc samples 568 520
No. of positive specimens (%) 48 (8.6) 62(11.9)
No. of pools 142 52
No. of presumptive-positive pools 45 39

Estimated population prevalence 9.1 (6.5, 11.6) 12.9 (8.8, 17.0)
calculated from pooled data

(95% CI)

No. of samples retested 180 (31.7) 390 (75.0)
individually (%)

No. of positive pools (%) 43 (30.3) 38(73.1)
Sensitivity of the pools (%) 43/43 (100) 37/38 (97.4)
Pooling algorithm sensitivity (%) 48/48 (100) 61/62 (98.4)
Specificity of the pools (%) 97/99 (98.0) 13/14 (92.9)
Pooling algorithm specificity (%) 520/520 (100) 4587458 (100)
Total no. of assays performed 322 442

No. of assays saved 246 78

“ For the pooling algorithm, samples were first tested pooled and then pre-
sumptive-positive pools were retested individually.

trachomatis screening and treatment programs arc cost effec-
tive; the Centers for Disease Control and Prcvention has esti-
mated that for every dollar spent on prevention, $12 is saved in
treating sequelac (4). The use of the pooling algorithm for
testing samples obtained during screening could further in-
crease savings in health care costs.

Since C. trachomatis prevalence levels have ranged from 4 to
20% in various populations in the United States, pooling three
to four samples is likely to provide the highest cost savings.
Furthermore, the cost saved does not significantly change the
sensitivity or specificity of the assay. In the event that screening
is not conducted, pooling can be used to determine population
prevalences over time in order to measure the benefits of
disease interventions such as mass treatment or behavioral
interventions. The population prevalence back calculation, de-
scribed previously (6), gave an accurate estimate of the ob-
served population prevalence in this study.

Use of the pooling algorithm would benefit investigators and
program planners in two ways: (i) money saved from the use of
the pooling algorithm could be applied to other areas of dis-
ease prevention and/or (ii) the amount of money allocated to
screening would allow more specimens to be tested for the
same total cost. Pooling samples for the detection of genital C.
trachomatis infection in urine samples is cost saving and simple
to perform and could be applicable in screening programs in
the United States and in population-bascd rescarch worldwide.

Pooling is a technique which could be immediately used for
significant cost savings in high-volume laboratorics such as
state labs and referral labs. Laboratories which are currently
using less sensitive and specific and less costly techniques could
introduce both LCR and pooling into their laboratorics.

Specific populations or laboratories that might benefit from
pooling include any lab in which the combination of turn-
around time and volume allows at a minimum a combination of
19 pools and retests per day. With 96 specimens at a popula-
tion prevalence of about 4%, pooling by six would fill up onc
full run (38 test unit doses) per day. The run would include, on
average, 16 pools of six and 22 retests.

Laboratory managers should consider two points before us-
ing pooling. First, processed specimens from presumptive-pos-
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itive pools neced to be amplified and detected individually. This
additional step adds a minimum of 3 hours until individual test
results for specimens in presumptive-positive pools are known.
Sccond, laboratory managers should estimate the cost savings
they expect to gain for their laboratories. This estimate is a
combination of both technicians’ salarics and their benefits,
institutional overhcad, and the prevalence of chlamydia in the
populations scrved by the laboratory. Pooling a grcater num-
ber than is recommended for certain population prevalences
can cost morc moncy than testing specimens individually.

A potential limitation of the pooling algorithm is the possi-
bility of tcchnician error while processed samples are pooled in
the LCR run. The use of tray maps simplifics this process.
Samples should be organized by skipping a spacc after cach
pooled group in the specimen rack. Thus, pooling adds no
significant complexity to sctting up unit doses. Additional tech-
nician error can be avoided when samples from presumptive-
positive pools (detected in the previous run) arc retested in-
dividually before the routine testing of the new pooled groups.
Therefore, each run has a combination of samples that are
retested individually and new pooled samples from the next
batch of specimens.

The study laboratory has met Clinical Laboratory Improve-
ment Act requircments for the modification of a clinical lab-
oratory proccdurc from a Food and Drug Administration-
approved diagnostic kit. Investigators consider performance
documentation of the required study adequate for including
the pooling protocol in testing clinical specimens in the study
laboratory. Each laboratory that wishes to introduce pooling
must mect the requirements to modify a Food and Drug Ad-
ministration-approved package insert. These requirements in-
clude meeting the regulations as set forth in the Federal Reg-
ister (3a).

Use of pooling processed urine samples for LCR testing of
C. trachomatis will decrease the cost of screening, providing
more evidence that screening programs can and should be
implemented. Further applications of pooling include pooling
urine specimens for the LCR detection of Neisseria gonor-

13
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FIG. 2. Cost-saving ability of pooling processed urine specimens before the
performance of the LCR test for the detection of genital C. trachomatis infec-
tions. The graph shows the cost per sample when the pooling algorithm was uscd,
depending on the number of specimens pooled and taking into account various
prevalences of infection in the population sereened. A bascline total cost of
$12.76 per individual sample which included laboratory consumables, technician
time, and LCR unit dose costs was used.
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.
rhoeae. The cost savings of pooling urine for both N. gonor-
rhoceae and C. trachomatis should also be considered.
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ABSTRACT

Background Asymptomatic genital Chlamydia tra-
chomatis infections in women can lead to pelvic in-
flammatory disease, infertility, and ectopic pregnancy.
To design a chlamydia-control program, we conduct-
ed a large survey of women in the U.S. military.

Methods From January 1996 through December
1997, urine samples from 13,204 new female U.S.
Army recruits from 50 states were screened by ligase
chain reaction for C. trachomatis infection. Informa-
tion on potential risk factors was obtained by ques-
tionnaire. With multivariate analysis, we identified
criteria for a screening program.

Results The overall prevalence of chlamydial in-
fection was 9.2 percent, with a peak of 12.2 percent
among the 17-year-old recruits. The prevalence was
15 percent or more among the recruits from five
southern states. The following risk factors were inde-
pendently associated with chlamydial infection: hav-
ing ever had vaginal sex (odds ratio for infection,
5.9), being 25 years of age or less (odds ratio, 3.0),
being black (odds ratio, 3.4), having had more than
one sex partner in the previous 90 days (odds ratio,

1.4), having had a new partner in the previous 30

days (odds ratio, 1.3), having had a partner in the
previous 90 days who did not always use condoms
{(odds ratio, 1.4), and having ever had a sexually
transmitted disease {odds ratio, 1.2). A screening pro-
gram for subjects 25 years of age or less (87.9 per-
cent of our sample) would have identified 95.3 per-
cent of the infected women.

Conclusions Among female military recruits, the
prevalence of chlamydial infection is high. A control
program that screens female recruits who are 25
years old or younger with urine DNA-amplification
assays has the potential to reduce infection, trans-
mission, and the sequelae of chiamydial infection.
(N Eng! J Med 1998;339:739-44.)
©1998, Massachusetts Medical Society.

ORE than 4 million urogenital Chla-
mydia trachomatis infections occur in
the United States annually.}? They oc-
cur in young, sexually active persons
from all socioeconomic groups, with prevalence rang-
ing from 5 percent to 20 percent.®* Women, espe-
cially, bear the burden of disease, with consequences
of genital infections ranging from pelvic inflamma-
tory disease to ectopic pregnancy and infertility.:s
These sequelae are associated with a large economic
burden.s” Because up to 80 percent of infected
women are asymptomatic and therefore do not seck

medical care, screening of young, sexually active wom-
en has been recommended.!® In the past, screening
for C. trachomatis infections in women has been lim-
ited by the need for access to a medical clinic and a
pelvic examination. However, C. trachomatis infec-
tions can now be detected with high sensitivity (85
to 95 percent) and specificity with DNA-amplifica-
tion assays performed on urine specimens,®!4 allowing
cost-effective screening of large numbers of women
in nonclinic settings.!

Few studies of the prevalence of chlamydial infec-
tion in U.S. military populations have been published,
and there have been no studies using DNA-amplifi-
cation techniques among women not seeking health
care.1620 Because adolescents have the highest prev-
alence of disease and most military recruits are young,
we conducted a large prevalence study and risk-fac-
tor analysis of female recruits from throughout the
United States who began basic training at Fort Jack-
son, South Carolina. We performed this study to de-
termine the extent of infection, assess the feasibility
of screening urine specimens for C. trachomatis by
the ligase chain reaction, and assess which epidemi-
ologic correlates would be useful for implementing
an effective chlamydia-control program for female
recruits.

METHODS
Population and Specimens

All female Army recruits who were present on Sundays be-
tween January 1996 and December 1997 at the Physical Exami-
nation Section, Reception Battalion, Fort Jackson, South Carolina,
were invited to participate in this study. The study was approved
by the institutional review boards of Johns Hopkins University
and Fort Jackson (Eiscnhower Army Medical Center, Fort Gor-
don, Ga.), as well as the Human Subjects Rescarch Review Board
of the US. Army Surgcon General. Of the 16,593 recruits
approached, 13,223 (79.7 percent) volunteered to participate in
the study and were given a bricfing about the study as well as an
educational briefing about chlamydial infections by the civilian
research nurse.

All subjects signed an informed-consent form and completed a
questionnaire regarding demographic information, home state,

From the Division of Infectious Discases, Johns Hopkins University
School of Medicine, Baltimore (C.A.G., M.R.H., B.l, T.C.Q); Walter
Reed Army Institute of Research, Washington, D.C. (K.LC., JC.G); US.
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Henry M. Jackson Foundation, Rockville, Md. (J.C.G.); Womack Army
Medical Center, Fort Bragg, N.C. (K.T.M.); and the National Institute of
Allergy and Infectious Discases, National Institutes of Health, Bethesda,
Md. (T.C.Q). Address reprint requests to Dr. Charlotte Gaydos at the
Division of Infectious Discases, Johns Hopkins University, 1159 Ross
Rescarch Bldg., 720 Rutland Ave., Baltimore, MD 21205.
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and sexual history. The data instrument was a two-sided scannable
form (Scantron, Tustin, Calif.). To determine the similarity of the
study subjects and those who chose not to participate in the study
with regard to demographic characteristics and sexual history,
823 of the 3370 women who did not volunteer were invited to
fill out an anonymous questionnaire. Nonvolunteers were asked
to fill out a questionnaire only during the first week of cach month.

Each volunteer was instructed to collect 20 to 30 m! of first-
catch urine (the first part of the urine stream). A unique study
number was assigned to cach volunteer. All urine specimens,
consent forms, and questionnaires were shipped to the Johns
Hopkins University chlamydia laboratory. Urine specimens were
kept at 4°C until processed, within 48 hours.

Laboratory Procedures and Treatment

Urine specimens were processed and tested by the ligase chain
reaction (Abbott Laboratories, Abbott Park, Ill.) for chlamydial
DNA according to the manufacturer’s directions. Each week a list
of infected subjects was sent to the research nurse. The infected
subjects were contacted and treated at the Troop Medical Clinic at
Fort Jackson by directly observed therapy with a single 1-g dose
of azithromycin. The subjects were also tested for coexisting sexu-
ally transmitted discases. The sensitivity and specificity of the ligase
chain reaction in urine specimens as compared with cervical cul-
ture for chlamydia had been previously determined to be 88.6 per-
cent and 99.7 percent, respectively, in another military population. !4

Statistical Analysis

Questionnaire forms were scanned into a data base (dBASE III
Plus, Borland International, Spring Valley, Calif.). The results of
the ligase chain reaction, demographic information, and risk-fac-
tor information were analyzed as dichotomous variables with the
chi-square test. Univariate and multivariate logistic-regression
analysis for factors associated with chlamydial infection was per-
formed with Intercooled Stata software (version 4.0, Stata, Col-
lege Station, Tex.). All independent variables were entered into
the model, and a two-sided P value of less than 0.05 was consid-
ered to indicate statistical significance. The 95 percent confidence
interval for the prevalence value for recruits from cach state was
calculated with Stata software. A one-way analysis of variance was
performed to assess the degree of significance of differences in
prevalence between states.

RESULTS
Characteristics of the Subjects

Of 13,223 subjects presenting at the Physical Ex-
amination Section on Sundays from January 1996
through December 1997, 19 could not be evaluated
because of missing data or insufficient urine. The
median age of the 13,204 who could be evaluated was
2] years (range, 17 to 39); 879 percent (11,603)
were 25 years old or younger (Table 1). Fifty-one per-
cent of the women were white, 35.9 percent were
black, and 13.1 percent were of other races. For the
entire population, the prevalence of C. trachomatis
infection according to the urine ligase chain reaction
was 9.2 percent.

On the questionnaire, 93.1 percent of the subjects
reported having ever had vaginal sex, 26.7 percent
having had more than one sex partner in the previ-
ous 90 days, and 31.4 percent having had a new sex
partner in the previous 90 days. Only 16.9 percent
reported that their partners always used condoms. A
history of chlamydial infection was reported by 9.1
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TasLe 1. CHARACTERISTICS OF 13,204 FEMALE ARMY RECRUITS
SCREENED FOR CHLAMYDIA TRACHOMATIS.

CHARACTERISTIC VALUE
Age —yr
Median 21
Range 17-39
Race — no. (%)*
White 6,715 (51.0)
Black 4,733 (35.9)
Other 1,726 (13.1)

Ever had vaginal sex — no. (%)f

Sexual history in previous 90 days — no. (%)
More than one partner}
New partner§
Partner always used condomsy

Previous diagnosis of sexually transmitted discase

12,281 (93.1)

3,478 (26.7)
4,076 (31.4)
2,115 (16.9)

— no. (%)
Chlamydsia trachomatis 1,206 (9.1)
Neisseria gonorrhocae 430 (3.3)
Syphilis 74 (0.6)
Trichomonas 611 (4.6)
None 11,372 (86.1)
Chlamydia-positive — no. (%) 1,219 (9.2)

*Data were missing for 30 subjects.

tData were missing for 9 subjects.

$For 168 subjects, data were missing or subject did not know answer.
§For 225 subjects, data were missing or subject did not know answer.
§For 684 subjects, data were missing or subject did not know answer.

percent of the subjects, gonorrhea by 3.3 percent,
syphilis by 0.6 percent, and trichomonas infection
by 4.6 percent. Of the volunteers who reported hav-
ing had no vaginal sex, 1.4 percent (13 of 914) were
chlamydia-positive, and of those who reported that
their partners always used condoms, 8.4 percent
(177 of 2115) were chlamydia-positive.

Of the 823 nonvolunteer recruits who filled out a
questionnaire anonymously, 203 (24.7 percent) did
not provide their ages and were dropped from the
analysis. The mean age of the remaining nonvolun-
teer recruits was 21 years (range, 17 to 36); 51.3 per-
cent were white, and 31.9 percent were black. The
mean age and the racial distribution of these recruits
were not significantly different from those of the vol-
unteers. Only 66.9 percent reported having had vag-
inal sex, as compared with 93.1 percent of the volun-
teers (P<<0.001). This group differed significantly
from the volunteers in four variables, even after adjust-
ment for whether the women reported having had
vaginal sex: only 4.0 percent reported prior chlamyd-
ial infections (P=0.013), 18.2 percent had had a new
sex partner in the previous 90 days (P=0.002), 20.1
percent had partners who consistently used condoms
(P<<0.001), and 90.7 percent reported no previous di-
agnosis of a sexually transmitted disease (P=0.001).
Of the nonvolunteers, 17.7 percent had had more
than one sex partner in the previous 90 days; the pro-
portion of the volunteers who had had more than
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one sex partner in the previous 90 days was similar
after adjustment for vaginal sex (P=0.189).

Prevalence of Infection

The age-specific prevalence of C. trachomatis infec-
tion among the 13,204 volunteers is shown in Fig-
ure 1. The highest prevalence of chlamydial infection
(12.2 percent) was among 17-year-olds. The preva-
lence declined sharply with increasing age, to below
5 percent for women over 25 years of age. For further
analysis, the youngest age groups (17 to 25 years) were
combined into a category called “young.” The preva-
lence in this group was 10.0 percent (1162 of 11,603).
In the older-age category (26 to 39 years), the prev-
alence was 3.6 percent (57 of 1601). The prevalence
was 5.5 percent (369 of 6715) for whites,.14.9 per-
cent (707 of 4733) for blacks, and 8.1 percent (143
of 1756) for other races.

Univariate Analysis

Univariate analysis identified 10 variables signifi-
cantly associated with chlamydial infection: young
age (17 to 25 years), black race, race other than
white or black, ever having had vaginal sex, having
had more than one sex partner in the previous 90
days, having had a new sex partner in the previous
90 days, having had a partner who did not always
use condoms in the previous 90 days, a prior diag-
nosis of gonorrhea, a prior diagnosis of trichomo-
nas, and a history of any sexually transmitted disease
(Table 2). A prior diagnosis of chlamydia or syphilis
was not significantly associated with being positive
for chlamydial infection.

Multivariate Analysis

In the complete multivariate model, having had
vaginal sex, an age of 25 years or less, black race, hav-
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Figure 1. Mean (+SE) Age-Specific Prevalence of Chlamydial
Infection among 13,204 Female Army Recruits, According to
Ligase-Chain-Reaction Assays of Urine Specimens.

ing had more than one sex partner in the previous
90 days, having had a new sex partner in the previous
90 days, having had a partner who did not always use
condoms in the previous 90 days, and a history of
any sexually transmitted disease were independent
predictors of chlamydial infection (Table 3).

Strategies for Selective Screening

A screening strategy involving all variables identi-
fied as independent predictors would require that
100 percent of the population be tested and would
detect 100 percent of the positive subjects. In this
model, the magnitude of risk associated with having
had a new sex partner might vary according to race.
For the purpose of a screening program, this would
not alter the proportion of the population tested or
the percentage of positive subjects detected with this
model. Because screening on the basis of race would
probably be viewed as inequitable, a strategy exclud-
ing race was examined. According to this strategy,

TABLE 2. UNIVARIATE ANALYSIS OF FACTORS ASSOCIATED
WITH CHLAMYDIAL INFECTION IN FEMALE ARMY RECRUITS.*

No. oF
Risk Factor Recrurrs PREVALENCE OF INFECTION
RISK RISK
FACTOR FACTOR  ODDS RATIO
PRESENT  ABSENT (95% CI)
Age <25 yr 11,603 10.0 36 3.0(2.3-4.0)
Black racet 4,733 149 55 3.0(2.7-3.5)
Other (nonwhite, nonblack) 1,726 8.1 5.5 1.5(1.2-1.9)
racet
Having ever had vaginal sex 12,281 9.8 14 75 (44-13.1)
Having had >1 sex partnerin =~ 3,478  13.5 7.7 19(1.7-21)
previous 90 dayst
Having had a new sex partner 4,076 124 78 1.7(1.5-1.9)
in previous 90 days§
Having had a partner who 10,405 9.8 NA 1.2(1.0-14)
did not always use con- -
doms in previous 90 days{
Condom use unknowny 418 5.0 NA 0.6 (0.4-09)
Data on condom use miss- 266 1.5 NA 0.2 (0.1-0.5)
ingy
Previous diagnosis of Neis- 430 123 9.1 14(1.0-19)
seria gonorrhocac
Previous diagnosis of tricho- 611 11.6 9.1 1.3(1.0-1.7)
monas
History of any sexually trans- 1,828  10.5 9.0 1.2(1.0-14)

mitted discase

*CI denotes confidence interval, and NA not available.
tThe reference group consisted of the white subjects.

$The variable is dichotomized: the reference group consisted of the sub-
jects who did not have >1 sex partner, who answered that they did not
know, or for whom data were missing.

§The variable is dichotomized: the reference group consisted of the sub-
jects who did not have a new sex partner, who answered that they did not
know, or for whom data were missing.

{The variable is dichotomized: the reference group consisted of the sub-
jects who had a partner who always used condoms.
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TABLE 3. MULTIVARIATE ANALYSIS OF FACTORS INDEPENDENTLY
ASSOCIATED WITH CHLAMYDIAL INFECTION
IN FEMALE ARMY RECRUITS.

Risk Factor Obos RaTio (95% Cl}*
Age <25 yr 3.0 (2.3-4.0)
Black racet 3.4(29-38)
Other (nonwhite, nonblack) racet 1.7 (1.4-2.1)

Having cver had vaginal sex 5.9 (3.2-10.6)
Having had >1 sex partner in previous 90 dayst 1.4 (1.2-1.7)
Having had a new sex partner in previous 90 days§ 1.3 (1.1-1.6)

Having had a partner who did not always usc con- 1.4 (1.1-1.6)
doms in previous 90 daysY

Having cver had a scxually transmitted discase 1.2 (1.0-14)

*CI denotes confidence interval.
1The reference group consisted of the white subjects.

$The reference group consisted of the subjects who did not have >1 sex
partner, who answered that they did not know, or for whom dara were missing.

§The reference group consisted of the subjects who did not have a new sex
partner, who answered that they did not know, or for whom data were missing.

§The reference group consisted of the subjects who had a partner who
always used condoms.

recruits would be tested if they were 25 years of age
or less or if they reported on a questionnaire having
had more than one sex partner Or a new sex partner
in the previous 90 days, having had a partner who
did not use condoms in the previous 90 days, or
having a history of sexually transmitted disease.
Screening according to these criteria would still re-
quire testing 100 percent of the population. If a
questionnaire could be avoided and young age (25
years or less) alone was the screening criterion, 87.9
percent (11,603 of 13,204) of the population would
need to be tested and 95.3 percent (1162 of 1219)
of the positive subjects would be identified.

Geographic Variation in Prevalence

There was considerable variation in the prevalence
of chlamydial infection according to the state of or-
igin of the recruits (F<0.001 by one-way analysis of
variance). The prevalence was more than 15 percent
for recruits from South Carolina, Georgia, Alabama,
Louisiana, and Mississippi. For New Jersey, North
Carolina, Kentucky, Texas, Oklahoma, and Arkansas,
the prevalence was 10 to 15 percent, and for 17 oth-
er states and Puerto Rico, it was 5 to 10 percent. For
five states (Washington, Oregon, Minnesota, Arizo-
na, and Massachusetts), the prevalence was less than
5 percent. Fewer than 100 recruits were tested from
each of 17 states, 3 territories, and the District of
Columbia, and prevalence figures from these areas
were therefore not included in the analysis. The
prevalence for the five states with the highest preva-
lence and the five states with the lowest prevalence
differed significantly, since the 95 percent confi-
dence intervals for prevalence did not overlap.
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DISCUSSION

Although the diagnosis and treatment of sexually
transmitted diseases has always presented a challenge,
there has been no routine screening of recruits for
chlamydial infections at entry into the U.S. Army.?!
Because most chlamydial infections are asymptomatic
in women and because the sequelac of disease present
a severe and costly burden, screening women at
entry into the Army is an appropriate way to identify
infections early and to explore opportunities for a
control program.}6.722 '

Civilian chlamydia-control programs have sought
to identify criteria for selective screening.3* Most
of these control programs have used diagnostic assays
that require pelvic examinations and cervical speci-
mens.2s However, it has recently been shown that
testing urine specimens by DNA-amplification tech-
niques is cost effective for screening large numbers
of persons in different settings.'$2* We used this new
technique to determine the prevalence of chlamydia
and to identify screening criteria for a program to
control chlamydia in the military.19121¢ Collection of
urine specimens in this study was highly acceptable
and easily implemented.

Using the ligase chain reaction with urine sam-
ples, we found a high prevalence of C. trachomatis
infection (9.2 percent). This prevalence was higher
than that observed in family-planning clinics?® but
not as high as that reported in some adolescent
health clinics.230 Our data agree with those from
previous studies of chlamydial infections in Army
women, in which prevalence rates ranged from 8.2
percent to 9.8 percent.!?!8 In one large, community-
based screening study, the overall prevalence of chla-
mydia in young women was 8.6 percent, as detected
by the urine ligase chain reaction, a prevalence sim-
ilar to that found in our study.3! Because our popu-
lation was not clinic-based and was not made up of
women secking health care, the finding of such a high
prevalence in these women warrants the institution
of a control program for the routine identification
and treatment of chlamydial infections in order to
prevent sequelae and transmission to sex partners.®

The study population consisted of a young, sexu-
ally active group of female recruits with sexual risk
factors known to be associated with chlamydial in-
fection.?s Although 9.1 percent of the subjects re-
ported having had chlamydial infection in the past,
this factor was not associated with the risk of cur-
rent infection. The highest prevalence was observed
among 17-year-olds. This prevalence is similar to
comparable age-specific rates in other studies, con-
firming that young age is associated with chlamydial
infection.?#3! In our study, young age was assoctated
with being chlamydia-positive in both univariate and
multivariate analyses (odds ratio, 3.0). In order to
include more positive subjects, we used an age cutoff
of 25 years, which allowed the detection of 95.3 per-




cent of the chlamydial infections. Other studics have
supported age-based screening for chlamydia. 273132

Thus, for this group of female recruits coming
from a civilian background, who were tested within
three days of starting basic training, young age alone
can be recommended as a single indicator of who
should be tested for chlamydial infection. Other mod-
els considered in this study offered high sensitivity,
but the models were more complex and required
valid sexual-risk histories. We documented 13 chla-
mydial infections (prevalence, 1.4 percent) among
914 recruits who denied being sexually active, as well
as chlamydial infections in 8.4 percent of those who
reported that their partners consistently used con-
doms. These figures indicate that self-reported sexual-
risk histories are not always valid.3* The lower prev-
alence of chlamydial infection among recruits for
whom the data on condom use were missing, or who
indicated on their questionnaires that they did not
know whether their partners always used condoms,
may be due to lack of sexual activity, because 58.6
percent of the 684 recruits in these categories re-
ported that they had never had vaginal sex. There is a
fixed laboratory budget available for population
screening in the Army. Young age is the simplest,
least expensive, and most easily documented risk fac-
tor on which to base a reccommendation for a screen-
ing program, as well as being highly sensitive. Alter-
natively, since the use of age as a selective screening
criterion would have missed 4.7 percent of the infec-
tions, universal screening might be more cost effec-
tive from a societal perspective, and future studies of
cost effectiveness are warranted. 2

This was one of the largest programs for screening
young, sexually active subjects that was not clinic-
based and whose results were derived from urine
DNA-amplification assays. The geographic variation
in prevalence was striking. From more than 15 per-
cent in the five states with the highest prevalence to
less than 5 percent in the five states with the lowest,
these differences may reflect the levels of disease bur-
den in certain states. These regional variations also
appear to reflect regional differences in chlamydial
disease, as reported by the Centers for Disease Con-
trol and Prevention.3435 For example, the prevalence
in North Carolina reportedly varied from 10 percent
to 17 percent.3s The prevalence is lower in regions
such as Wisconsin and Washington State, where clin-
ic-based chlamydia-control programs are in place
and where declining rates of prevalence of chlamydia
have been reported.26.223236 In our study, the preva-
lence was 11.3 percent for North Carolina and 3.8
percent for Washington State. Our data imply that
chlamydial infection remains common in young wom-
en across the United States. With a volunteer rate of
80 percent among women who were approached and
representation from 50 states and 4 territories, our
study had a wide geographic sampling.
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One limitation of our study is that it is not known
whether the prevalence of risk factors for chlamydial
infection differs between young women who decide
to join the military and those who do not. However,
the demographic and sexual risk-factor characteris-
tics of our subjects appear to be similar to those of
other regional and clinic-based populations,? as well
as those from a large, community-based study.’! An
additional limitation is that the nonvolunteers in our
study differed from the volunteers with regard to
sexual risk factors for chlamydia. However, the non-
volunteers represented a group who were mostly
sexually active, who had had new sex partners in the
previous 90 days, and whose partners did not use
condoms. Thus, their risk of chlamydial infection
may have been as high as that of the subjects in our
study. .

Although amplified-DNA tests are more expen-
sive than traditional nonculture tests, the savings as-
sociated with not having to have a clinician collect
specimens from a pelvic examination and the advan-
tages of being able to use urine as a diagnostic spec-
imen may outweigh the extra cost of the test.!5 In
addition, it has been demonstrated that amplified-
DNA testing of urine specimens is cost effective, and
treating chlamydial infections prevents serious com-
plications such as pelvic inflammatory disease, ec-
topic pregnancy, and infertility.15.2837

In conclusion, our study indicates that with the
limited funding available at present, young age (25
years or less) would be the best criterion on which
to base a screening program using amplified-DNA
testing of urine for female Army recruits and perhaps
for other young women. Institution of such a con-
trol program has the potential to reduce drastically
the burden of chlamydial disease in the U.S. Army
and to prevent morbidity due to these infections 37
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9.2.1.1 Howell, M.R., McKee, K., Ellis, D., et al. Cost-effectiveness of screening vs mass
therapy for C. trachomatis in female army recruits

9.2.1.2 Stability of C. trachomatis and N. gonorrhoeae in urine at room temperature for
LCR and PCR tests.

9.2.2 Conference on the Macrolides, Azalides, Streptogramins, and Ketolides, Barcelona,
1998: Howell, M.R., Quinn, T.C., Hendrix, R., et al. Single-dose azithromycin
for mass therapy to control Chlamydia trachomatis in female Army recruits: a
cost-effectiveness model.

9.2.3 International Conference on Emerging Infectious Diseases, Atlanta 1998: Gaydos,

C.A., Howell, M.R., Clark, K.L., et al. A silent epidemic of Chlamydia
trachomatis genital disease in female U.S. Army recruits.
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observed with SeroCT on the above populations (48,' 4?, 26 and 34%
,apeaively). The above results are clinically significant, when
considering  the low prevalence of C. trachomatis 1gG & IgA
antibodics obscrved in the three control groups; blood donors (8%,
4.4%), children (3%, 0%) and pregnant women (6%, 0%),
respectively. .

The high speaificity and sensitivity of SeroCT for the specific
detection of C. trachomatis antibodies makes this new gencration test,
an acaurate efficient and cost effective screening tool for the
differential diagnosis between C. trachomatis and C. pneumoniae

infections.

P511 CHLAMYDIA TRACHOMATIS INFECTIONS IN

SYMPTOMATIC AND ASYMPTOMATIC COUPLES

petersen EE, Clad A., Univ. Frauenklinik Freiburg, D-79106 Freiburg,
Germany

Objective: Normally, only symptomatic patients are tested for
chlamydial infections. Little is known about partner infection in
asymptomalic couples. First void urines of symptomatic (STD
outpatient clinic) and asymptomatic females and thelr asymptomatic
partners (genital chlamydial prevalence study with LCR on 4.381
persons, Germany) were collected to assess the prevalence of
Chlamydia trachomatis in couples.

Methods: Urines and cervical swabs were tested with the ligase chain
reaction (LCR, Abbott). In the prevalence study only one urine from
each woman and her male pariner was collected. In symptomatic
women cervical swabs and urine and partner urines were tested and
retested at follow-up visits.

Results: Only couples with one or bolh pariners positive in the
chlamydial LCR are presented here. Of 53 symptomatic women 37
(69%) were positive. 39 (72%) of the asymptomatic male partners had
positive urines. in 21 (38%) couples both partners were positive.

In 84 asymptomatic couples 46 (55%) of the women and 67 (80%) of
their male partners were positive. in 29 (36%) couples both partners
were positive.

Conclusion: In symptomatic as well as in asymptomatic women
significantly more chiamydial infections could be detected when

also testing their male partners. Testing of one male (urine) and one
female sample (urine or cervical swab) by LCR appears to be more
cost-efficient than testing several female samples.

PS]. COST-EFFECTIVENESS OF SCREENING vs MASS THERAPY

FOR C. TRACHOMATIS IN FEMALE ARMY RECRUITS

Liowell MR}, McKee K?, Ellis D', Gaydos J’, Hendrix R2, Quinn TC'*, Gaydos CA'
1The Johns IHopkins University, Baltimore, MD; *Fort Bragg, NC; 3Fort Jackson, SC;
{CHIPPM, Aberdeen Proving Ground, MD); *NIAID. NIH, Bethesda, MD.

Objective: In US Army women C. trachomatis (CT) may cause a significant
degree of morbidity. We sought to asscss the rclative cost-effectiveness of three

screening and treatment stratcgics for CT in a military setting.
Mecthods: We compared universal and targeted screening to mass therapy with

azithromycin for CT in femalc recruits using a cost-effectiveness analysis. At

Fort Jackson, SC 7,191 recruits presenting for basic training from 1/96-3/97 were
tested by urine LCR for CT. In a decision model from a military perspective, we
assessed the total costs (program, medical, and military) and the level of
prevented discase due to CT (PID, chronic pelvic pain, and ectopic pregnancy)
associated with each of the 3 strategies. Results were extrapolated to an annual
cohort of 13,236 recruits.

Results: The recruit sample had a CT prevalence of 9.56% and a diverse ethnic
and geographical background. Approximately 86% were < 25yrs old.

Strategy Projected Costs Projected PID (#)
n=13,236 (US$1995) (silent &symptomatic)
Program Sequelae
No Intcrvention P $973,100 316
Screen 25 yrs & Treat (+)  $120,600  $273,000 89
Screen All & Treat (+) $137,900 $236,400 77
Mass Therapy $207,400  $138,600 45
Mass therapy dominated both screening strategics, costing ~$16/woman and

saving $627,100 over a projected 5 year‘period (8.2% and 4.9% morc than
targeted and universal screening, respectively).

Conclusion: Mass therapy in a well defined cohort of young women with a
high prevalence of CT would prevent sequelae, would likely decrease the
number of discharges for medical reasons in the first 6 mos. of service, and
would save overall costs.
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Mor . M, Celum CL, White C, Handsfield HH. University of
Deparggnt of Public Health, Seattie, Washington, USA
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Van,der Helm th and van den Hoek JAR. Municipal Health Service,
Amsterdam, the Netherlands.

[n the Netherlands, the municipal policy of toleration and de-criminalisation
towards prostitution has led to 2 debate over its regulation and legislation.
Organised prostitution in the Netherlands is forbidden, while in practise
brothets arc allowed to operate with varying amounts of freedom. This semni-
legal status gives brothel owners the freedom to do business, without
enabling local authorities to impose punishment for operating infractions.
In anticipation of a change in the national law, the Municipality of
Amsterdam developed their own new regulation. Since Jan 96: i) it is illegal
for women from outside the EC to work as prostitute and ii) brothel owners
can get a license if they fulfill certain conditions (hygiene, firesafe, no
employment of illegal women).

In Amsterdam, uptilt 1996, prostitutes working in windows were mainly
Latin American women. As research revealed that they and their clients
were at increased risk for both STD and HIV, public health nurses (together
with cultural mediators) frequently visited these women in order to give
information on safe sex, HIV/STD, birth control and tuberculosis and to
inform them about out STD clinic. In 1995 first contacts were made with
996 prostitutes, including 569 Latin American prostitutes, 73 African, 134
Eastern-European and 58 Asian women. In 1996 the number of contacts
decreased considerably (n=651), despite a similar frequency of fieldwork.
Where did the women disappear t0? The consequences of this new regulation
will be discussed with regard to accessibility of the women and the
segregation of prostitution metworks, including the increased risk for
STD/HIV transmission.

0174 THE USE OF LIGASE CHAIN REACTION (LCR) IN THE DIAG-
NOSIS OF GONOCOCCAL AND CHLLAMYDIAL EPIDIDYMITIS.

Fehler HG, Radebe F, Dangor Y, Grobbelaar T, Ballard RC.
Nationa! Reference Centre for STDs, SA Institute for Medica! Research, and
University of the Witwatersrand, Johannesburg, South Africa.

Objective: A study was conducted to determine the value of the ligase chain
reaction (LCR) technique as a diagnostic tool in cases of epididymitis.
Methods: Ninety five conseculive cascs of acute epididymitis among migrant
mineworkers attending an STD clinic at the Leslic Williams® Memorial
Hospital, Carletonville, were included in the study. In each casc, cndourcthral
swabs were collected for gonococcal and chlamydial cultures. A first catch
urine sample was collected for LCR for bolh Neisseria gonorrhneae (GC-
LCR) and Chlamydia trachomatis (CT-LCR). In addition, blood specimens
were tested for syphilis, chlamydial and HIV antibodics.

Results: Overall, cither by culture or LCR, 43 paticnts (45%) had evidence
of gonococeal infection, while 25 patients (26%) had proven chlamydial
infection. A further 23 cascs (24%) had high levels of antichlarydial antibody
of »1:64 using the indirect microimmunofluorescence test (micro-1F). Of the
25 cascs with proven chlamydial infection, 13 cases also had concomitant
gonococeal infections (52%). Among the cases with gonococcal infection,
84% were detected by GC-LCR, while only 67 % were cultured. Similarly,
using CT-LCR, 88% of chlamydial infcctions were detected, while only 40%
were culture-positive. In 25 cases (26%) no evidence of infection with cither
organism was obtained. Reactive syphitis serology was found in 12% of cascs
and 39% were HIV seropositive.

Conclusions: LCR proved to be more sensitive than culture for the diagnosis
of epididymitis. Chlamydial micro-IF serology proved a useful adjunct to
LCR for the diagnosis of chlamydial infection. In approximately a quarter of
all cases no actiology could be determincd.

0176 CHLAMYDIAL DIAGNOSIS WITH THE LCX, COBAS
AMPLICOR, AND TRANSCRIPTION  MEDIATED
AMPLIFICATION USING VULVAL SAMPLES

Stary A, Hartmann B, Schuh E, Kerschbaumer M. Outpaticnts’ Ceatre for
Infectious Venero-Dermatological Discases, Vienna, Austria.

Objective: To evaluate whether vulval smears may serve as an altcrnative
non-invasive specimen type for chlamydial diagnosis, the performance of
all commercially available amplification tests (LCx Chlamydia trachoinatis
ussay, COBAS Amplicor, Gen-Probe  Transcription-Mediated
Amplification) with vulval specimens as well as with urine, and cervical
samples was compared with culture on endocervical and vulval samples.
Methods: The study was performed in female paticnts attcnding the
Outpaticnts’ Centre mainly because of u suspected genital tract infection,
partner control, contact tracing, and health check up. In addition to first
void urinc (FVU), samples were obtained from the vulval region and
endocervix and Lested by culture and amplification tests.

Results: The sensitivity (Tablc) and specificity for all sampling sitcs and
amplification methods was high, calculated on infected women as the
goldstandard established by positive culture or 2 different test procedures.

Test Method Vuilva VU Cervix

LCR (77/875) 89.6% (69) 90.9% (70) 92.2% (71)
TMA (25/308) 92.0% (23) 26.0% (19) 88.0% (22)
PCR (25/398) 88.0% (22) 80.0% (21) 88.0% (22)
Culture (77/875) 143% (11) ad. 59.7% (46)

Conclusion: The results demonstrate that in contrast to culture, all
amplification mcthods performed with a high sensitivity with vulval smears
(89.8%), comparablc with urine (86.6%) and cervical specimens (90.6%).
The data indicate that vulval smears can be used as alternative noninvasive
specimens uscful for chlamydial screening programs.
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Van Yoorhis, WC, Falel B, LUsgiure onueuny =« 0 s

University of Washington Mcdical School, WA USA.

Objective: Ct has been detected by a variety of semi-quantitative
techniques, however 3 quantitative detection system is needed 10 follow the
levels of Ctin tissues after therapy. A quantitative wpmguvc PCR (QC-
PCR) technique was developed for quantitating Ct during infecuon.
Methods: The PCR uscs the plasmid fouad in Ct as a template, yielding a
442 bp band from Ct DNA. A competitor template was construcicd in a
plasmid (p337) containing the PCR product with an internal deletion of 105
bp, yiclding a 337 bp PCR product. DNA was purified from Ct scrovar E.
Autologous salpingeal tissue grafts were established in subcutancous

ckets of Macaca nemestring (pigtail macaque) and cither inoculated with

10° IFU of Ct Serovar E or sham-inoculated. DNA was extracted from
salpingeal tissues harvested at day 7 post-inoculation.

Results: Scrial dilutions of Ct. DNA were mixed with 0.01 fg of p337
competitor plasmid (~300 copics) and subjected to PCR. At 101003 pgof
Ct DNA, the Ct 442 bp band predominated in the PCR products. At 0.03 to
0.001 pg of Ct DNA, the competitor 337 bp band predominated. The
equivalence point, where the intensity of the competitor band cqualed that
of the native templatc band, was found at 0.1 pg. Becausc cach Ct
organism has ~1fg of DNA. the DNA of approximately 100 Ct appearcd to
cqual that of ~300 p337 plasmids. This makes sensc, because there are
between 2 to 7 copics of the target tcmplate (chlamydia plasmnd) in each
Ci. PCR using DNA from the Cl.inoculated salpingeal ssucs, but not
from sham-inoculated tissue, yiclded the expected 442 bp product. Secrial
dilutions of Ct-inoculated DNA gave cquivalence with 0.01 fg of p337
using 1/100 of the total DNA extracted. Since 0.01 fg p337 was cquivalent
to 100 Ct organisms, this suggests \hat 10,000 Ct were present in each Ct-
inoculated salpingeal pocket. ) .
Conclusion: QC-PCR is an cffective method for measuring the quantity of
Ctin infected tissucs.

0175 URINE LIGASE CHAIN REACTION FOR THE DIAGNOSIS OF
LYMPHOGRANULOMA VENEREUM IN SOUTHERN AFRICA.

Radebe F, Fehler HG, Ye Hrun, Tshabalala V, Baliard RC.
National Reference Centre for STDs, SA Institute for Medical Rescarch, and
University of the Witwatersrand, Johannesburg, South Africa.

Objective: To compare ligase chain reaction (LCR) assay for chlamydia
trachomatis with standard culture and serological techniques for the diagnosis
of lymphogranuloma venereum (LGV).

Methods: One hundred and ninety scven consccutive men with a clinical
presentation consistent with LGV were enrolled in the study. In cach case
swabs were taken from the urethra and, il present, genital uicerations for
isolation of C.trachomatis. A scrum specimen was obtained for micro-IF
serology. A first catch urine specimen was collected for detection of
C.trachomatis DNA using the LCR technique. Additional tests were performed
10 exclude infection with H.ducreyi, T.pallidum and HSV.

Results: Of 197 patients entered in the study, no laboratory evidence of LGV
was found in 38 cases (19%). There was 148 evaluable cases, of which 44
(30%) were culture-positive for C.trachomatis, while urinc LCR was positive
in 63 cases (43%). Elevated antichlamydial antibody levels (2 1:128) were
detected in 130 cases (88%). A combination of culture and serology resulted
in a diagnosis of LGV in 135 cases (91%). When urine LCR and serology
were used for diagnosis, 143 cascs were detected (97%). LCR proved
significantly morc sensitive than cultre when no ulcers were present.
However, no significant difference between techniques could be detected when
primary lesions were present.

Conclustons: Urine LCR proved to be a convenient, non invasive adjunct to
micro-TF serology for the diagnosis of LGV in an area were the disease is
commonly encountered.

0177 STABILITY OF C. TRACHOMATIS AND N.GONORRHOEAE
IN URINE AT ROOM TEMPERATURE FOR LCR AND PCR
TESTS.

' Welsh L', Kralian S', Perkins D', Schmidt X', Chou J',
Quinn TC'. 'The Johns Hopkins Univ., Baltimore, MD; *NIAID, NIH,
Bethesda, MD

Objective: To determine the stability of concentrations of C. trachomatis
(CT) and N. gonarrhoeae (NG) in urine at room temperature (25° C) for
testing by LCR and PCR.

Methods: Aliquots of urine concentrations of CT from 100 to § IFU/ml
and of NG from 10° to 1 CFU/ml were sequentially processed and tested
by LCR and PCR at times 0 hr, 24 hr, 48 hr, 72 hr, 7 days, and 14

days.

Results: CT/LCR: All concentrations of CT from 100 to 1 IFU were
stable in urine, giving positive resuits, until 14 days at 25°. CT/PCR: At
0 hr, concentrations from 100 to 5 IFU were positive One IFU was
negative. At 24 br, all samples were pos. At 48 and 72 hr,
concentrations from 100to 5 IFU were positive. At 7 and 14 d, all
concentrations from 100 to 1 [FU were pos. NG/LCR: At 0, 24, 48,
and 72 hr, concentrations from 10* to 50 CFU were pos. At7d, only
10* & 10° were pos. At 14 d, only 10 was pos. NG/PCR: At 0 and 24
hr, only 10° and 10° CFU were pos. At 48 and 72 hr, only a

concentrations of 10* CFU was positive. At 7 and 14 d, all samples were )

negative.
Jusions: 1-5 IEU/ml CT appear to be very stable in urine specimens
at 25° C by LCR and PCR. NG is more labile, requiring 50 CFU for

detection by LCR at 24-72 hr and 10°-10* CFU for detection by PCR at
24-72 hr.
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Single-dose Azithromycin (AZ) for Mass Therapy to Control

Chlamydia trachomatis (CT) in Female Army Recruits: a cost-

effectiveness model

HOWELL MR', QUINN TC'?, HENDRIX R® MCKEE K® Gaypos I’

Gaypos CA'*

'The Johns Hopkins Univ., Baltimore, MD; *NIAID, NIH, Bethesda, MD *Fort Jackson,

SC*Fort Bragg, NC, SJackson Foundation, Rockville, MD.

Objective: There is a high prevalence of C. trachomatis (CT) in female U.S. Army

recruits, which may cause serious morbidity due to PID. We evaluated the cost-

effectiveness of treating all recruits with AZ to prevent chlamydial scquelac compared to
testing all recruits and treating only those with positive CT tests.

Methods: In a decision analysis, we modeled mass treatment and universal testing to

determine the incremental cost-effectiveness of these two strategies. From a military
perspective, we calculated the total program costs, the projected costs of lost training, the
projected costs of sequelae due to CT, the projected level of prevented disease (PID,
chronic pelvic pain, and ectopic pregnancy) and the projected number of military
discharges for medical conditions. 9,192 recruits presenting for basic training at Ft
Jackson, SC 1996-97 were tested by urine LCR to determine CT prevalence. Results were
extrapolated to a hypothetical population of 10,000 recruits per annual cohort.

Results: The recruit sample had a CT prevalence of 9.0%. 218 cases of PID would be
expected in the absence of a control program. Mass therapy would prevent 187 cases, 21

more than universal testing. Mass therapy saved $39,500 over universal testing for a 5-yr
follow-up period and $357,300 over no program. At CT prevalence > 6.2% and fewer
than 14.1 clinic visits per 100 individuals for moderate to severe side-effects, mass therapy
provided a cost-savings over universal testing. Both strategies provided cost-savings over
no program at CT prevalences over 3%.

Conclusion: Mass therapy would prevent sequelae, would likely decrease the number of
military discharges for medical reasons in the first 6 mo. of service, and would save overall
costs relative to universal testing. Mass therapy could be considered as a first line of

control for chlamydia in a well-defined cohort of young women with a high prevalence of
CT.
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P-12.3 The Structure of a Newly Identified Genetic Subtype in the Hiv-1
Epidemic in Africa. J.K.CARR, F.E. MCCUTCHAN, M. EMERSON,
D.BIRX. Henry M. Jackson Foundation for the Advancement of Military
Medicine, Division of Retrovirology, Walter Reed Army Institute of
Research, Rockville, MD.

Objective: Genetic analysis of HIV-1 genomes has led to the descrip-
tion of at least 10 different genetic subtypes, each with its own geo-
graphic or demographic distribution. Although subtype A is one of the
most common genetic subtypes of HIV-1 in Africa, only three full-length
genomes of this subtype have been sequenced: two from Uganda and
one from Nigeria. Methods: Two isolates, Dj263 and DJ264, character-
ized as subtype A by gag and env sequencing, have been cloned and
sequenced in full for the first time. The entire genome was sequenced
except for a 73 nt region in the LTR. These subtype ‘A’ viruses were from
Djibouti, on the coast of East Africa. Phylogenetic analysis of the full-
length genome was performed with these new isolates. Results: The
Djibouti viruses were found to form a unique cluster in the full-length
analysis, grouping with previously sequenced isolate, IbNG, from
Nigeria. They were distinct from subtype A and similar to each other
from the 5’ to the 3’ end. Detailed analysis of the subtype structure of
these isolates in comparison with reference sequences of the main HIV-
1 sutypes, revealed them to be complex recombinants between sub-
types A, G and an original “IbNG” parental strain. Both Djibouti isolates
and the Nigerian isolate had the same complex subtype structure.
Conclusions: Full- length genomes from one of the common subtypes in
Africa will be fully characterized in this report. Although related to sub-
type A in both gag and env, the isolates were found to be a homoge-
neous viral subtype of their own, with a complex subtype structure
recombinant between two known subtypes, subtypes A and G, and one
unknown subtype, the putative parental subtype . It is recommmended
that this viral subtype be given the new subtype designation of ‘IlbNG*'.
Like the subtype E* viruses, which are E/A recombinants, this subtype
has a segment from an original parental virus, a virus which has never
been found in its ‘pure’, or non-recombinant, state.
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P-12. 4 A Sllent Epidemic of Chlamydia trachomatis Genital Bisease in
Female U.S. Army Recruits. CA GAYDOS, MR HOWELL, KL CLARK, KT
MCKEE, RM HENDRICKS, D ELLIS, TC QUINN, JC GAYDOS. Johns
Hopkins Univ., Baltimore, MD, Walter Reed Army Inst Res, Washington,
DC, Ft. Bragg, NC, Ft Jackson, SC, NIAID, NIH, Bethesda, MD, HM
aekson Fndn, Rockville, MD.——- -

Background: C. trachomatis (CT) infections in the U.S. exceed 4 million
cases annually, occur mostly in the young and lead to costly sequelae
(PID, ectopic pregnancy, and infertility). Most (>80%) infections are
asymptomatic in women, leading to epidemic rates in sexually active
youth. Our hypothesis was that a large epidemic of treatable CT genital
infections, related to the ongoing civilian epidemic, was occurring in
female recruits. Methods: Ligase Chain Reaction (LCR) of urine speci-
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mens was used to determine the prevalence of CT infections in féa]
military recruits (N =9,192) at induction. Demographics and sexua|
data were collected. Results: Overall prevalence was 9.0%. By qes
tionnaire, 93.6% reported vaginal sex, 26% had >1 sex partner an
30.5% had a new partner. Only 15.5% always used condoms, By
prevalences were: 11.0% (17-20 yr), 8.0% (21-25 yr), 3.1% (26-30 i3
1.9% (31-35 yr). By home state, 4 states had a prevalence >15%,
states 10-15%, and 12 states 5-10%. By multivariate analysis, signj
variables associated with CT positivity were vaginal sex (OR 4.1),’y,
(17-25 yr) age (OR 3.4), African American (OR 2.7), > 1 partner (OR‘
1.4), and a new partner (OR 1.5). A model consisting of LCR screening
young female recruits (17-25 yr) would test 87.2% of the recruit popula
tion and identify 95.8% of CT positives. Conclusions: A high prevalen,
of CT infection exists in female army recruits, especially those of YOUng'
age. Differences by state may be representative of national, geograph
cally diverse prevalences. Detection of infection by LCR of urine permi
ted a large, efficient screening program. Data collected are being used‘
to develop a cost-effective treatment program.

P-12.5 Epidemiology of Shigellosis in San Francisco during the HIV,Em_
J. T. BAER, D. J. VUGIA, A. L. REINGOLD, T. ARAGON, F. . ANGULO}
and W. Z. BRADFORD, for the CA Emerging Infections Program. CA
Emerging Infections Program, CA Department of Health Services, U(
Berkeley School of Public Health, Berkeley, CA; Centers for Dlseasé‘\
Contro! and Prevention (CDC), Atlanta, GA; San Francisco Department»,
of Public Health, UC-San Francisco.

Objective: The impact of HIV infection on the epidemiology of -
Shigellosis and its potential role as a risk factor have not been well
described. To better understand this relationship and to assess thy
gay sex, a recognized risk factor for Shigellosis, we conducted an inv
tigation of cases of Shigellosis in San Francisco, a city with a high
prevalence of both HIV infection and men engaging in gay sex.
Methods: As part of CDC's Emerging Infection Program, active survei
lance for infections caused by Shigella species was conducted in S
during 1996. All available medica! records were reviewed using a

dardized data collection instrument and data previously collected
the SF Department of Public Health (DPH) during routine intervi
cases were obtained. The estimated prevalence of HIV infection an
men engaging in gay sex was obtained from the SF DPH. Results:'A
total of 228 culture-confirmed cases were identified, including 142"
73 caused by S. sonnei and S. flexerni, respectively. The incidence ra
in cases per 100,000 population was 31.5, compared with an acti
surveillance rate of 10.9 in neighboring Alameda County (AC) and a:
reported rate of 7.3 in the U.S.. The incidence rate in the 25-44 year
group was 46.0 cases per 100,000 population, compared with 6. 8»635'5
per 100,000 population in AC, and the rate in HIV-infected personswas
442 cases per 100,000 population. Adult cases (age > 17 years) COM-2&
prised 80% (181/228) of the total, and had the following charact ‘
male gender (75%), white race (70%), gay male (65%), HIV-infe
(52%), and sexually active in the 10 days prior to interview (69%): Fifty
one percent (96/190) of infections occurred in gay, adult men. Wh
compared to the non-gay and non-HIV infected population, the i
dence rate ratios for the gay and non-HIV-infected, the non-gay and i @
HiV-infected, and the gay and HIV-infected populations were 4.8-(9
Confidence Interval (Cl) 2.7-8.0), 34.0 (95% Cl 14.2-70.1), and 3
(95% Cl 24.6-49.5), respectively.
Conclusions: These population-based data demonstrate high ove
rates of Shigellosis and dramatically elevated rates in HiV-infecté
sons. The high prevalence of HIV infection and men engaging
are likely important determinants of the Shigellosis rates in SF..
tive contribution of behavioral factors as compared to compro
host immunity in HiV-infected individuals warrants future inve ga of;
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9.3.1 Howell, M.R., Gaydos, J.C., KcKee, K,, et al. North-south-east-west: geographic,
race, and age correlates in non-health care seeking U.S. female Army recruits.
National STD Prevention Conference, Dallas, 1998.

9.3.2 Cecil, J.A., Howell, M.R., Gaydos, J.C., McKee, K.T. Ellis, D., Hendrix, R.M., Quinn,
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Diseases Society of America. Denver, CO, 1999.

9.3.3 Cecil, J.A., Howell, M.R., Gaydos, J.C., McKee, K.T. Hendrix, R.M., Quinn, T.C., and
Gaydos, C.A. Prevalence and risk factors of C. trachomatis infection in male
military recruits: multivariate analysis. Prevention 99. Washington, D.C.,
1999.
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North-South-East-West: Geographic, Race and Age Correlates in Non-Health Care
Seeking U.S. Female Army Recruits ‘

MR Howell!, JC Gaydos®®, KT McKee*, K Clark®, TC Quinn'®, CA Gaydos'

|, Johns Hopkins University, Baltimore, MD; 2 HM Jackson Foundation, Rockville, MD; 3
Walter Reed Institute of Research, Washington, DC; * Fort Bragg, NC; * NIAID, NIH,
Bethesda, MD.

Background/Rationale: Regional variations in C. trachomatis prevalence have been
documented in clinic populations. Similar regional variations in non-health care seeking
women have not been examined to determine the influence of confounding variables such
as demographics. It is necessary to understand differences in populations from non-
traditional settings from a diverse geographic perspective.

Objectives: To describe and assess the significance of regional variations and determine if
these differences remain when controlled for race and age in a non-health care seeking
military population.

Methods: From 1/96 through 12/97, we tested 13,204 female recruits by ligase chain
reaction of urine for C. trachomatis infection upon entry to the U.S. Army. The impact of
regional variations (CDC reporting areas: northeast, south, midwest, west and territories)
on chlamydia prevalence among these women was analyzed by ANOVA. The effect of
intervening factors (self-reported race and age) was assessed by logistic regression.

Results: An overall prevalence of 9.2% (1,219/13204) was observed. Home state records
were available for 13,152. Women coming from the northeast had a chlamydia prevalence
of 6.9% (146/2103); the south 11.9% (760/6381); the midwest 7.1% (167/2351); the west
5.6% (117/2100); and the territories 10.0% (21/211), (F<0.001). Region, African
American race and young age (age < 25) were all independent predictors of infection.
Women coming from the southern states were more likely (O.R. 1.5, 95% CI: 1.3- 1.7) to
be positive for chlamydia than women coming from the other four regions. Conversely
women in the west were less likely (O.R. 1.4, 95% CI: 1.1-1.7) to have a positive test than
other women. .

Conclusions: In non-health care seeking U.S. Army recruits regional disparities in
chlamydia prevalence exist. Other national studies in non-health care seeking populations
are necessary.

Learning Objectives:
1. Using the results of this analysis participants will be able to describe the regional
variations in a non-health care seeking population.

»

2. Using the results of this analysis participants will be able to describe the association
between race, age, region and infection with C. trachomatis.
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Prevalence and Risk Factors of C. trachomatis Infection in Male
Military Recruits Using Urine Ligase Chain Reaction (LCR)

JA CECIL™*, R HOWELL', JC GAYDOS?, KT MCKEE®, D ELLIS", RM
HENDRIX*, TC QUINN', CA GAYDOS Johns Hopkins Umversny HM
Jackson Foundation, Rockville, MD?; Ft. Bragg, NC’; Ft. Jackson, SC*; NIH,
NIAID, Bethesda, MD".

Chlamydia trachomatis urogenital infections in women are associated with
significant morbidity, including PID, ectopic pregnancy and infertility. In a
study of female Army recruits using urine ligase chain reaction (LCR, Abbott
Laboratories, Abbott Park, IL), C. trachomatis was identified in 9.3% of
women screened. The effectiveness of efforts to limit chlamydial infections in
women may depend on the prevention of re-infection through simultaneous
screening and treatment of men. We tested male recruits for C. trachomatis
using urine LCR to determine prevalence and to assess potential screening
criteria for C. trachomatis infection in men. Each recruit who volunteered to
participate provided a urine sample and answered a questionnaire, Among
1,203 men screened, the prevalence of infection was 4.9%. The mean age was
19.8 (£2.61) years, 61.6% were Caucasian, 33.8% had more than one sex
partner, and 36.7% had a new sex partner in the last 90 days. Only 21.2% of
men reported using condoms regularly, and 2.6% reported having prior
chlamydial infections. Of the men that tested positive, only 13.6% reported
having symptoms. Risk factors that proved useful for predicting chlamydial

F  Complete mailing address infor positivity included: African-American race, more than one sex partner, and a
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JA Cecil, MD; MR Howell, Johns Hopkins University: JC Gaydos, MD, MPH, HM Jackson Foundation:
KT McKee, MD, MPH, Ft. Bragg, NC: RM Hendrix, D.O., Ft. Jackson, SC: TC Quinn, MD, Johns
Hopkins University, NIH, NIAID: CA Gaydos, DrPH, Johns Hopkins University

OBJECTIVES: To determine the prevalence and assess potential screening criteria for Chlamydia
trachomatis infection in male military recruits, to help target future interventions.

METHODS: 1,203 male Army recruits volunteered to provide a urine sample and completed a
questionnaire addressing demographic and behavioral characteristics, during inprocessing at Ft. Jackson,
SC. Urine samples were tested for the presence of C. trachomatis using ligase chain reaction, Multivariate
logistic regression was performed to access criteria for a screening program.

RESULTS: The volunteer rate was 80.9%. The prevalence of infection was 4.9%. The mean age was 19.8
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years and 61.6% were Caucasian. Only 13.6% of infected men had symptoms. Independent risk factors
predictive for being chlamydia positive included: African American race, having more than 1 partner in
the last 90 days, and the presence of symptoms. Of 3.4% who were symptomatic, 19.5% were infected.
Of asymptomatic men, 4.4% were infected. 3% of those reporting condom use were chlamydia positive.
CONCLUSION: A significant number of male Army recruits are infected with C. trachomatis, and the
majority of these men do not have associated Symptoms to suggest infection. These men may be less likely
to seek appropriate medical attention, and may contribute to the transmission of chlamydial infections.
Urine LCR is a convenient, noninvasive method for screening large numbers of men, and will be used to
screen more recruits as part of this ongoing study. Additional data from future screening will be presented.
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9.4 Maps
9.4.1 Percentage Chlamydia Positive Females by Geographic Origin 3 Year
9.4.2 Percentage Chlamydia Positive Males by Geographic Origin Total

9.4.3 Percentage Chlamydia Positive Females by Geographic Origin for Project Years 1-3
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9.5 Armed Forces Epidemiology Board and the Institutional Review Boards of Johns
Hopkins University and Ft. Jackson (Eisenhower, Ft. Gordon)
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MCHF-Cl 9 Aprit 1998
SUBJECT: Minutes of the Ingtitutional Review Committae Meeting 8 April 1998

the patient wes hospitelized. Tho patient was found to have compiete heart block, systolic
8P over 200mmhy, potassium leval of 7.9mg/dl. She was dialyzed and a pacemaker was
pisced. The patient bacame stableand pacemaker was removed. The reporting physician
folt that hyperkelemia was related to therapy with Losartan or control. The report dated 26
Jan 98 Invoived u 68 year old male patient who had ahisioryol asthma and was
hospdalized for asthma. The patient recovered snd was discharged from the hospital.

The reporiar folt that the asthma was possibly related tos tudy drug tharapy. Fou? patients

have been enrolied in this study at EAMC. There has been an adverse event at this site for
ruled-out Ml

Recommendation: Full Committes Acknowledges

The Informed Consent dated 11 Sep 37 was submitted to delete the following statement, .
"If you are male, you should avold fathering children by using condoms when having -
sexyal intercourse unloss you huve had a vasectomy”. The lega! department of Merck, Inc
requested the removal of thls statement.

Recommendation: Approve
Mumsn Uss Committes Vote: 10 in favor, unanimous
5. Piotocol Review:

Study of Chlamydia Trachomatis In Military Women: Prevalence, Risk Factors and a Cost Benafit
Analysis of Early Diagnosts and Treatment

Pl: LYC Rase M, Hendrix, MC

DDEAMC 95-17

With regard to Minutes of the Insttuticnal Review Committes Meeting 12 March 1998, the investgstor

offered the following replies 1o questions ralsed by the commilitee: We propose that not only will the mass

therapy option cure chlamydia, but a significant proporion of the additional cases of gonorrhea, and

respiratory infactions as supported above. Ths cost of hospitalized pelvic inflammatoary disease and

actopic pregnancy are staggenng for the military. The pravention of these sequalse diseases and their

gssocisted costs is the focus of this proposa!. The results of a cost effective decision model we have

performed has indicated that the most cost-effective strategy for the Army would be mass therapy, mostly

because the disgnostic test is not perfect and the extra infactions cured and sequelas prevanted offset the

sxira cost of antibiotic. Anecdotal dats from the currant study hes indicsted that in over 1,000 women

troated with single-dose szithromyein, there has only been one adverse event that caused a recruit to seek

medical altention. It was not classlfied as serous. Further, a tabulation of & studies published from 1892-

1998 substantiates a lack of significant differences for serious advarse eplsodes betwoeen Individuals treated

with azithromycin therepy compared to those receiving doxycycline. Reactions were considered mild to

moderate and were noted primatily to be gastrointestinal in nature (diarrhea, nausea, etc). Additonally, use

of mass therapy with azithromycin In & {arge trial (12,000 volunteers; 6,000 each of treatment arm and

control arm) in Uganda has not reported any sarous adverse events. The 8,000 voluntsers have been

treated four imes. Confusion relating to misclassificadon of azithromycia as g macrolide (e.4.,

erythromycin) Is frequent. The issue of pregnancy should be of no impact upon this protocol. Upon in- s
processing at Ft. Jackson, recruits are screensd for possiblc pregnancy und pregnant women sre not

allowed to continue in basic training (EPTS). Azithromycin is a class B drug and is currently boihg given in E
clinical practice to pregnant patients. A modificafon ot the consent form has been sppendad to ¢larify that
thers are no benefits to particlpating in this study for gn individual who hag never engaged in sexual activity

3
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SUBJECT: Minutes of the Insttutional Revisw Committee Meeting 8 April 1998

itis well known in behavior Yésearch that thete exists a high probability for g respondent to misrapreseont
herself. 1n this study we have documented 14 chlamydia Infections in fomales who had denied sexual
activity. Additionalty, in anslyzing demographic information on indviduats €hoosling to not paricpate, it Is
clear the only significant difference batween that group and thoge participating is in engagement [n saxugl

the potential serious sequelae. (Probabiity of developing PID after chiamydial infection & 30% Howeli ot
al). The recrults’ desire to know about their health pRles in companisons to the ease of the collection of
urine specimen.

The committee reviewed the submitted responsas to its questions from the 12 March 58 meeting.
Azithromycin is, in fact, an a2alide antiblotic which is a subclass of macrolides structurally, but possess a
very different milder side effects profile. The principal 3rgumaent if favor seems to be an 8Canomic one.
Basad on the azsumptions of the model, fawer casss of PID or asymptomatc chiamydia would result. The
assumptions were challenged that a %ingle dose could have sych lasting effects. The training dollars lost

they would be personally offendeq 3t being expacted to lake a pill to treat a presumeq STO. The ethical
issues for humans I8 different than that of 3 swine herd. The Army does not Tequire mass prophylaxis
unless the environmental threat is unavoldabdle. The climcal standard is &6l to test and then trest.

The onginal protoco) was an all forale study, however, it would be useful to know how the prevelence of
chlamydia in the female racruit population compares to that of males in the sama population. What they
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Recommaendaton: Approve the male prevalence testing arm and
cofrect minor errors In consaent form

Clinical investigaion Commites Vote' 10 in favor, unanimous
Human Use Committee Vote: 10 in favor, unanimous
Recommendation: Disapprove the mass treatment arm.
Clinical Investigation Committee Vote: 10 in favor, unanimous

Human Use Committee Vote: 10 in favor, unanimous

Amendments:

A Randomized, Double-Blind. Multicenter comparison fo the Efficacy and Sefety of Grepafioxacin
(Raxar) 400mg or 600mg Once Dally and Clarithromycin (Blaxin) 500mg Twice Daily in the
Troatment of Patients with Acute Bactarial Exacerbations of Chronic Bronchitls

Pl: LTC Warren L. Whitlock, MC

DDEAMC 93-17

A lottar from Pharmaceautical Research Assoclated, Inc dated 3 Mar 98 was recaived regarding an
amendment to this study. This amendment changes from patients with known moderate or severe
hepatic or renal disesse to hopate fallure or known modorate to severo renal diserss. It also
changes the primary efficacy population from patients who are clinicslly evaluable to clinically and
bactericlogicalty evaluable. And therefors, changaing the secondary efficacy populaton from

bacteriologically evaluable to cilnically evalyable. The third change in the amendment changes the
package inserts for Bioxin and Raxar.

Recommendation: Approve
Human Use Committes Vote: 10 In favor, unanimous

Pearodic Review:

A Randomized, Multicenter, Third Party Blinded Trial Comparing Trovafloxaxin with
Amonicillin/Cisvulanats (Augmentin) with or without Erythromyecin for the Treatment of
Community Acquired Pneumaonia

Pl. LTC Warren L. Whitlock, MC

DDEAMC 87-28 )

Thare has been good responss to ireatments with this drug. Trovafioxacin has now been
approved by the FDA to treat Community Acquired Pneumonia and we have been part of
that. A total of 18 pationts have bean snrollad and only one serious sdverse svent has
been reparted.

Recommendation: Approve i
Human Use Committep Vote: 10 in favor, unanirmous
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Use of Ligase Chain Reaction with Urine versus Cervical Culture for
Detection of Chlamydia trachomatis in an Asymptomatic Military
Population of Pregnant and Nonpregnant Females
Attending Papanicolaou Smear Clinics

CHARLOTTE A. GAYDOS,* M. RENE HOWELL,! THOMAS C. QUINN, !~
JOEL C. GAYDOS,*t anp KELLY T. McKEE, JR.*
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Ligase chain reaction (LCR) (Abbott Laboratories, Abbott Park, Ill.) with first-catch urine specimens was
used to detect Chlamydia trachomatis infections in 465 asymptomatic military women attending clinics for
routine Papanicolaou smear tests. Results were compared to results of cervical culture to determine the
sensitivity of the urine LCR and the possible presence of inhibitors of amplification in pregnant and nonpreg-
nant women. Discrepant results for LCR and culture were resolved by direct fluorescent antibody staining of
culture sediments, two different PCR assays, and LCR for the outer membrane protein 1 gene. The prevalence
of Chlamydia in specimens by urine LCR was 7.3% compared to 5% by culture. For 434 women with matching
specimens, there were 11 more specimens positive by LCR than were positive by culture, of which all but one
were determined to be true positives. There were four culture-positive, LCR-negative specimens, all from
nonpregnant women. The sensitivity, specificity, and positive and negative predictive values of urine LCR after
discrepant results were resolved were 88.6, 99.7, 96.9, and 99.0%, respectively. The sensitivity of culture was
71.4%. From the 148 pregnant women (prevalence by LCR, 6.8%), there were no patients who were cervical
culture positive and urine LCR negative to indicate the presence in pregnant women of inhibitors of LCR.
Additionally, a subset of 55 of the LCR-negative frozen urine specimens from pregnant women that had been
previously processed in LCR buffer were inoculated with 5 cell culture inclusion forming units of C. trachomatis
each and retested by LCR; all tested positive, indicating the absence of inhibitors of LCR in urine from these
pregnant women. The use of LCR testing of urine specimens from asymptomatic women, whether pregnant or

not, offers a sensitive and easy method to detect C. trachomatis infection in women.

Approximately 4 million Chlamydia trachomatis urogenital
infections occur in the United States annually, and more than
50 million cases occur worldwide (7, 28). Unfortunately, symp-
toms are often mild or absent among infected men and women,
leaving a large reservoir of infected persons to continue trans-
mission to new sex partners (29). Chlamydial infections occur
primarily among young sexually active persons. A high preva-
lence is common to all socioeconomic groups and may range
from 5 to 20% in various groups of young adults (32, 33).
Because of the high probability of progression of asymptomatic
disease to serious sequelae, it has been recommended that
individuals at risk for chlamydial infections be screened, espe-
cially women who are vulnerable to the serious consequences
of genital infections, such as pelvic inflammatory disease, ec-
topic pregnancy, and tubal infertility (7, 11). Urine can now be
used to detect chlamydial infections in women by ligase chain
reaction (LCR) (2, 8, 14, 20, 31, 34), which with its easily
obtained specimen is a cost-effective method for screening
programs for asymptomatic women (16). Because asymptom-
atic military populations have not been studied widely with

* Corresponding author. Mailing address: The Johns Hopkins Uni-
versity, Infectious Discase Division, 1159 Ross Research Building, 720
Rutland Ave., Baltimore, MD 21205. Phone: (410) 614-0932. Fax:
(410) 955-7889. E-mail: cgaydos@welchlink.welch.jhu.edu.

T Present address: Jackson Foundation, Rockville, Md.

regard to chlamydial infections (4, 6, 10, 21, 26, 27) and be-
cause the sensitivity of the urine LCR assay has been reported
to be low for samples from pregnant women due to the pres-
ence of inhibitors to amplification (18), we compared urine
LCR to cervical culture for the detection of C. trachomatis in
asymptomatic women attending clinics for routine Papanico-
laou (PAP) smear tests.

MATERIALS AND METHODS

Populations and specimens. Military women (n = 480) attending clinics for a
routine PAP smcar test volunteered for a study to compare urinc LCR tests to
cervical cultures for the detection of C. trachomatis infections. The volunteer rate
of the women approached by the civilian rescarch nurse was 71%. The study was
approved by the Institutional Review Boards of The Johns Hopkins University,
the U.S. Army Medical Rescarch Material Command, Fort Detrick, Fredrick,
Md., and Womack Army Medical Center, Fort Bragg, N.C. Of 480 women
enrolled, 465 provided a urine specimen. All subjects completed a questionnaire
for demographic information and behavioral risk factors for sexually transmitted
diseascs. The data instrument was a one-page, two-sided scanable bubble form
(Scanntron Corporation, Tustin, Calif.). During the pelvic examination, an en-
docervical swab was obtained by the attending clinician at thc PAP smear clinic,
who recorded clinical signs and symptoms on the data form. Culture swabs were
placed into 2-sucrose-phosphate chlamydia transport medium. Commercial
transport medium was replaced with in-house transport medium after 1 month of
the study duc to some toxicity of the former to tissue culture cclls. Specimens
were stored appropriately (4°C for urine specimens and —70°C for cultures) until
shipping of the urine specimens at 4°C and cultures at —70°C. Shipments werc
made to ensure arrival at the laboratory within 4 days of collection. All speci-
mens, consent forms, and data forms werc shipped to Johns Hopkins Chlamydia
Rescarch Laboratory.
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Laboratory procedures. Urine specimens were processed and tested by LCR
(Abbott Laboratories, Abbott Park, 11.) according to the manufacturer’s instruc-
tions. Briefly, 1 ml of urine was centrifuged at 15,000 X g for 15 min. After the
supernatant was removed, 1 ml of urine buffer was added to the pellet and the
mixture was vortexed. After being heated at 97°C for 15 min, specimens were
cooled and 100 pl of each specimen was added to an LCR unit dose tube. An
appropriate chlamydia-positive control was included for the processing steps for
each group of specimens. Additionally, two negative controls and two positive
calibrator controls supplied by the manufacturer were used for each LCR assay
run. After the amplification step in the automated thermocycler, unit dose tubes
containing the specimens and controls were transferred to the automated en-
zyme immunoassay machine for the detection of amplified products. Tubes
containing the amplified products were never opened; the automated enzyme
immunoassay process sampled tubes by piercing the tops of the unit dose tubes,
which prevented amplicon contamination. In order to prevent other sources of
contamination, specimens were processed in a designated room separate from
the room used to amplify and detect specimens. Gloves were frequently changed
and aerosol-barrier pipette tips and dedicated pipettors were used. Strict quality-
control measures such as machine maintenance checks, daily cleaning of labo-
ratory areas and equipment with bleach, and area swipe tests to monitor ampli-
con contamination were employed.

Culture specimens were stored frozen at —70°C for up to 3 days. Cultures were
done in 96-well microwell plates in McCoy cells by standard methods (12). Tissue
cultures were stained with genus-specific fluorescein-conjugated antibody (Kal-
lested, Chaska, Minn.) and species-specific antibody (Boehringer Mannheim/
Syva, San Jose, Calif.). Stained cultures were read for the presence of chlamydial
inclusion bodies with an epifluorescence microscope.

Discrepancy analysis was done for any sample with discordant results between
culture and LCR. A sample that was positive by culture and negative by LCR was
considered to be a true positive, but the discrepancy was investigated for the
presence of inhibitors to amplification by LCR. The urine LCR was repeated
from the originally processed specimen and repeated again after diluting the
processed specimen 1:10 in urine LCR buffer to check for the presence of
inhibitors in the specimen. (Dilution has been shown to sometimes decrease the
concentration of the inhibitor enough to allow a true-positive specimen to be
amplificd.) Additionally, PCR (Roche Diagnostic Systems, Branchberg, N.J.)
was done on an archived aliquot of frozen urine and another LCR was done for
a diffcrent DNA target, the outer membrane protein 1 (OMP-1) gene. For
specimens that were positive by LCR and negative by culture, the culture spec-
imen transport sediment was stained by direct fluorescent antibody (DFA)
(Boehringer Mannheim/Syva) for chlamydial elementary bodies. PCR also was
done on the specimens from the culture transport vials. In addition, PCR was
done on the archived urine and an LCR for the OMP-1 gene was done on the
previously processed (buffered) urine specimen. Specimens that were positive by
one or more of the ancillary tests were considered true positives. An LCR-
positive urine specimen which could not be confirmed by another test was
considered to be a false positive.

Testing of urine specimens from pregnant women. A subset of all available
(n = 55) previously processed (buffered) LCR-negative urine specimens that
were from pregnant women were inoculated with 5 inclusion forming units of
C. trachomatis and retested by LCR to check for the presence of inhibitors.
Additionally, 65 archived LCR-negative unprocessed urine specimens that were
available from pregnant women were tested by a research internal control assay
to evaluate the presence of inhibitors (9). This assay tested for the ability to
amplify an extraneous sequence of DNA which was added as an internal control
to the specimen. The assay contained primers for the extraneous DNA internal
control as well as the primers for the organism of interest. A positive amplifica-
tion of the internal control indicated that the specimen contained no inhibitors
to the amplification process, while a negative result indicated that the specimen
contained something which inhibited the amplification process.

Data analysis. The data from the questionnaire forms were scanned into a
data set (D-base III Plus; Ashton Tate, Borland International, Spring Valley,
Calif.), and LCR results, demographics, and risk factor information were ana-
lyzed by the chi-square test, Fisher’s tests of exactness, and univariate analysis
(Intercooled Stata, version 4.0; Stata Corporation, College Station, Tex.).

RESULTS

Patient characteristics. Among the 480 women enrolled,
only 1 woman had reported mild symptoms and the remainder
were asymptomatic. Approximately half (55.2%) were 25 years
or younger, and 50.8% were African-American. Over 90%
were enlisted personnel, 98.3% reported vaginal sex, 11.3%
had a new sex partner in the previous 90 days, 15.2% had more
than one sex partner in the previous 90 days, 88.5% reported
inconsistent condom use, and 30.8% were pregnant (Table 1).
Reasons for clinic visit, clinical presentation, and sexual risk
history are presented in Table 1. Of the 465 women who
provided a urine specimen, the overall prevalence for chla-
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TABLE 1. Characteristics of military women screened for
C. trachomatis at Fort Bragg, N.C.
Variable N(E'noi »12151)611 %
Median age, yr (range)” 25 (19-47)
Ethnicity”
White 181 377
African-American 244 50.8
Other (American Indian, Alaskan, 52 10.8
or Asian Pacific)
Military category®
Enlisted personnel 439 91.5
Officer 36 75
Reason for clinic visit*
Sex partner of infected individual 1 0.2
Complaint of symptoms 1 0.2
Screening 470 97.8
Other 4 0.8
Clinical presentation?
Mucopus 1 02
Cervicitis 5 1.0
Ectopy 5 1.0
Cervical motion tenderness 3 0.6
Friability 39 8.1
Pregnant 148 30.8
Normal exam 348 725
Sexual history (past 90 days)
More than one sex partner 73 15.2
New sex partner 54 11.3
Consistent condom use 51 10.6
Inconsistent condom use 425 88.5
Previous diagnosis®
N. gonorrhoeae 20 42
C. trachomatis 86 17.9
Syphilis 5 1.0
Trichomonas 41 8.5
None 348 72.5
Chlamydia-positive urine LCR/ 34 7.3
Chlamydia-positive culture® 24 5.3

 Data missing for eight women (1.7%).

b Data missing for three women (0.6%).

¢ Data missing for five women (1.0%).

4 Data missing for 27 women (5.6%).

¢ Data missing for two women (0.4%).

 Urine specimen for LCR missing for 15 women.

£ Cervical specimens for culture missing for 21 women and 10 toxic specimens
collected.

mydia infection by LCR was 7.3%. The prevalences of infec-
tion for other categories based on LCR included 11.0% for
women =25 years of age, 8.9% for African-American women,
and 6.8% for pregnant women. By risk category the preva-
lences were 15.1% for those with a new sex partner in the
previous 90 days, 10.3% for those with more than one sex
partner in the previous 90 days, 7.5% for those with inconsis-
tent condom use, 7.4% for those reporting vaginal sex, and
3.6% for those with a prior chlamydial infection.

In univariate analysis only young age (=25 years) (odds ratio
[OR], 4.23; 95% confidence interval [CT], 1.72 to 10.43) and a
new sex partner (OR, 2.61; 95% CI, 1.11 to 6.1) were predic-
tors of chlamydial infection (Table 2). However, when we con-
trolled for age, a new sex partner was no longer significant.

Comparison of urine LCR to cervical culture. Of the 465
women, 31 women did not have matched culture specimen
results. Ten specimens were toxic for tissue culture and no
cervical cultures were collected from 21 women, leaving 434
matched specimens for comparison. After the use of the com-
mercial chlamydia transport buffer was stopped and the in-
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TABLE 2. Univariate analysis of results relative to factors associated with positive urine LCRs for
military women attending PAP smear clinics

% with a positive LCR

Factor” OR (95% CI) P
Factor absent Factor present
Age =25 yr (254) 2.8 11.0 4.2 (1.72,10.43) 0.002
African-Amcrican (233) 6.8 8.6 1.3(0.61,2.7) 0.501
Prcgnant (142) 7.4 7.0 0.94 (0.44, 2.03) 0.882
Normal pelvic exam (275) 12.5 6.6 0.49 (0.18, 1.31) 0.154
Prior diagnosis of STD? (127) 83 3.9 0.45 (0.17,1.2) 0.110
Having had more than one sex partner in last 90 days (68) 6.8 10.3 1.6 (1.53, 3.73) 0.316
Having had a new scx partner in last 90 days (53) 6.4 151 2.6 (1.11, 6.10) 0.027¢

“Numbers in parentheses represent numbers of individuals with the factor present (n = 465).
#STD, sexually transmitted discase (chlamydia, gonorrhea, syphilis, or trichomonas).

¢ A new sex partner was not significant when we controlled for age.

house 2-sucrose-phosphate medium was used, no further spec-
imens toxic to tissue culture were observed. Among the 31
specimens without matched results, there were two LCR-pos-
itive urine specimens for which a matching cervical culture was
not collected.

From the 434 matched specimens, 32 (7.4%) were LCR
positive, of which 31 (7.3%) were confirmed as true positives
(Table 3). There were 21 LCR-positive, culture-positive spec-
imens. Four patients had urine-LCR-negative, cervical-cul-
ture-positive specimens. Discrepancy analysis of these LCR-
negative, culture-positive specimens demonstrated that one
was positive in the repeat LCR assay and was OMP-1 LCR
positive, one had a negative value which was close to the cutoff
value for a positive result and was PCR positive when the
archived frozen urine was tested, one had a culture transport
specimen that was PCR positive, and the results of one could
not be confirmed by any of the ancillary tests, including repeat
culture. The initial LCR-negative results from these four urine
specimens were all considered to be false negatives.

There were 11 specimens that were LCR positive and cul-
ture negative, 10 of which could be confirmed as true-positive
specimens (Table 4). Five were DFA positive, six were urine
PCR positive, seven were culture PCR positive, and eight were
OMP-1 LCR positive. Thus, all but one of these LCR-positive
specimens were confirmed as true positives by at least one or
more additional assays. After resolution of the discrepant re-
sults, the sensitivity, specificity, and positive and negative pre-
dictive values of urine LCR were 88.6, 99.7, 96.9, and 99.0%,
respectively (Table 3), and the sensitivity of culture was 71.4%.

TABLE 3. Comparison of urine LCR to cervical culture for
C. trachomatis in military women attending
PAP smear clinics

Resolved patient

No. of women® . . b
infection status’

Test Result with test result
(%) Positive Negative
Cervical culture  Positive 25(5.8) 25 0
Negative 409 (94.2) 10 399
Urine LCR¢ Positive 32(7.4) 31 1
Negative 402 (92.6) 4 398

“ Four hundred cighty women enrolled; 434 had matching specimens.

? Resolved patient infection status was defined as the resolved status of a
patient with a positive culture or with a urinc specimen positive by two tests
(LCR, DFA staining, PCR OMP-1 genc, PCR plasmid gene, and LCR OMP-1).

¢ After discrepant results were resolved, sensitivity was 88.6%, specificity was
99.7%, and positive and negative predictive values were 96.9% and 99.0%,
respectively (sensitivity of culture, 71.4%).

LCR of urine of pregnant women. There were 148 urine
specimens from pregnant women. The prevalence of chla-
mydia infection by LCR for the pregnant women was 6.8%,
and that for the nonpregnant women was 7.8%. There were no
culture-positive, LCR-negative results from pregnant women
which could have indicated the presence of LCR inhibitors. All
four of the culture-positive, LCR-negative specimens were
from women who were not pregnant. In addition, a subset of 55
LCR-negative urine specimens, previously processed in LCR
buffer and frozen, which were from pregnant women and were
inoculated with chlamydia and retested by LCR were all LCR
positive, indicating the lack of inhibitors. Of the 65 available
archived urine specimens from pregnant women which were
LCR negative and tested in the internal control assay, there
were 3 (4.6%) that exhibited inhibition based on a negative
value for amplification of the internal control.

DISCUSSION

Chlamydia infections were of a higher prevalence than ex-
pected from these asymptomatic military women attending a
clinic for a routine PAP smear test. An LCR prevalence of
7.3% underscores the necessity for the recommendation to
screen all sexually active young women when they are attend-
ing a routine health care clinic (7). The high prevalence of
11.0% for those =25 years of age confirm the result of studies
of others that young age is a significant risk factor for chla-
mydial infections (13, 17, 22). These results indicate the need

TABLE 4. Resolution of urine-LCR-positive and cervical-culture-
negative discrepant results for C. frachomatis in military
women attending PAP smear clinics (n = 11)

Test result
Laboratory Status
no. LCR DFA“ PCR PCR LCR for €
(urine) (urinc) (cervix) OMP-1 (urine)

1264 + - - - + Confirmed
2407 + + + + + Confirmed
3197 + + + + + Confirmed
3659 + - — + - Confirmed
3891 + - — - + Confirmed
5560 + + - + + Confirmed
5570 + - - - - Unconfirmed
6082 + - + + + Confirmed
6280 + + + + - Confirmed
6966 + + + + + Confirmed
8016 + . + . + Confirmed

“ DFA staining of culturc transport vial spccimen.
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for an ongoing chlamydial control program for such female
military personnel as those enrolled in this study. This popu-
lation demonstrated a high degree of sexual behaviors placing
them at risk for sexually transmitted diseases, with 98% being
sexually active, 15% having more than one partner, 11% hav-
ing a new partner in the last 90 days, and 88% using condoms
inconsistently. All of these behaviors have been shown by oth-
ers to be predictive of chlamydial infection (1, 22-24, 36). In
the univariate analysis for this study, both young age (preva-
lence, 11.0%) and having had a new partner (prevalence,
15.1%) reached statistical significance. However, when we con-
trolled for age, a new sex partner was not significant. Young
age (=25 years), which is an easily determined risk factor and
which is a nonthreatening question for those women who may
be reticent to answer questions about their sexual behavior,
appears to be an excellent predictor of chlamydia infection and
can be recommended for deciding who should be screened in
clinical or outreach situations (13, 17).

Urine LCR performed well in this study of asymptomatic
women, with a sensitivity of 88.6%, which is similar to that
demonstrated by others for asymptomatic women (87.5%) (2).
Compared to cervical culture, which had a sensitivity of 71.4%,
LCR detected more infected women. Many reasons can ac-
count for the lower culture sensitivity. Not only can the cold
chain of transport be interrupted, but the quality of the trans-
port medium is important as well. Initially, a commercially
available transport medium was used in this study, which re-
sulted in many (10) toxic tissue culture results. Quality-contro]
assays of the remaining lot of uninoculated transport medium
demonstrated that it was toxic to cells in tissue culture. After
switching to the use of our own transport medium, which is
quality controlled in tissue culture, we observed no further
toxicity.

Additionally, the quality of the endocervical specimen, as
measured by the presence of columnar epithelial cells, has
been shown to play a significant role in the numbers of positive
specimens (19, 37). In another study of family-planning clinics
in Baltimore, Md., clinicians obtained adequate specimens
only 72.3% of the time (37). Thus, inadequate cervical swab
specimens could have contributed to the lower sensitivity of
culture in our study. Other studies have demonstrated higher
sensitivities for urine LCR than cervical culture (2, 5, 8, 20, 31,
34). Sensitivities for cervical culture in these studies has ranged
from 45.5 to 46.9% to 55.6 to 65.0% (2, 5, 8, 34). Schachter et
al. have demonstrated that the sensitivity of culture for C. tra-
chomatis may be increased from 67.1% to 74% by adding a
urethral swab culture, which could be indicative that some
women may be infected only in the urethra and not the cervix
(31). This could help explain the higher number of positives
found by urine LCR, presumably reflecting infections from
both the cervix and the urethra. Because urine is an easy-to-
obtain, noninvasive specimen giving accurate results with LCR,
it is ideal for screening asymptomatic individuals who may not
be presenting for a pelvic exam or for outreach screening
programs.

Although our study enrolled only 148 women who were
pregnant, we did not observe any indication of inhibitors in
urine specimens, as evidenced by the lack of urine-LCR-neg-
ative results when the cervical culture was positive. Although
there were four such specimens in this study, they were all from
nonpregnant women. Another study has reported a significant
problem with inhibitors in urine with use of the LCR test;
however, the urine specimens were transported at ambient
temperatures, which may have influenced the LCR results (18,
25, 30). The spiking experiment in our study did not demon-
strate any inhibitors in the 55 LCR-negative, previously frozen
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urine specimens from pregnant women. It is possible that
freezing and thawing of these processed urine specimens re-
duced or destroyed some LCR inhibitors. Freezing and thaw-
ing reduced the inhibition from 19 to 16% in one study (35).
Additionally, the experiment which tested the archived urine
of 65 pregnant women demonstrated only three (4.6%) inhib-
ited specimens. This value is of the same order of magnitude as
that reported by others for inhibition in urine specimens (2.6
and 1.8%) for amplified testing (3, 15). Most investigators now
believe that inhibitors to amplification exist for both urine and
cervical specimens (3, 15, 35). A combination of heat treat-
ment (95°C for 10 min) and 10-fold dilution of the processed
specimen reduced inhibition of PCR from 19 to 4% in one
study (35). The pH of the cervical mucosa was partly correlated
with inhibitors (35). Decreased inhibition was found at pH
values of =7.5. The degree to which inhibitors to amplification
influence the prevalence detected by LCR and PCR needs to
be further studied. Roche Molecular Systems has addressed
this problem by incorporating an internal DNA control ampli-
fication and detection assay into their new combination PCR
assay for C. trachomatis and Neisseria gonorrhoeae, which will
prove to be a great advance in the diagnostic capability of
amplification assays. Specimens exhibiting inhibitors can be
diluted or heated and their DNA can be extracted, and tests
can be repeated. The use of the internal control will give a
greater degree of confidence to the validity of a negative am-
plification result. Consideration of the use of an internal con-
trol should be given for amplification tests in the future. The
College of American Pathologists now requires examination of
a control to assess the presence of inhibitors in all amplifica-
tion procedures.

In summary, young sexually active women, including those in
the military, should be frequently screened for chlamydia in-
fections. Urine LCR offers an easy and sensitive method to
accomplish this, especially for women not presenting for a
pelvic examination. It is cost-effective in preventing the expen-
sive sequelae of pelvic inflammatory disease, ectopic preg-
nancy, and tubal infertility (16).
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CHLAMYDIA TRACHOMATIS INFECTIONS IN FEMALE MILITARY RECRUITS
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KeLLy T. McKEE, Jr., M.D., M.P.H., AND THomas C. Quinn, M.D.

ABSTRACT

Background Asymptomatic genital Chlamydia tra-
chomatis infections in women can lead to pelvic in-
flammatory disease, infertility, and ectopic pregnancy.
To design a chlamydia-control program, we conduct-
ed a large survey of women in the U.S. military.

Methods From January 1996 through December
1997, urine samples from 13,204 new female U.S.
Army recruits from 50 states were screened by ligase
chain reaction for C. trachomatis infection. Informa-
tion on potential risk factors was obtained by ques-
tionnaire. With multivariate analysis, we identified
criteria for a screening program.

Results The overall prevalence of chlamydial in-
fection was 9.2 percent, with a peak of 12.2 percent
among the 17-year-old recruits. The prevalence was
15 percent or more among the recruits from five
southern states. The following risk factors were inde-
pendently associated with chlamydial infection: hav-
ing ever had vaginal sex (odds ratio for infection,
5.9), being 25 years of age or less (odds ratio, 3.0),
being black (odds ratio, 3.4), having had more than
one sex partner in the previous 90 days (odds ratio,
1.4), having had a new partner in the previous 90
days (odds ratio, 1.3), having had a partner in the
previous 90 days who did not always use condoms
(odds ratio, 1.4), and having ever had a sexually
transmitted disease (odds ratio, 1.2). A screening pro-
gram for subjects 25 years of age or less (87.9 per-
cent of our sample) would have identified 95.3 per-
cent of the infected women.

Conclusions Among female military recruits, the
prevalence of chlamydial infection is high. A control
program that screens female recruits who are 25
years old or younger with urine DNA-amplification
assays has the potential to reduce infection, trans-
mission, and the sequelae of chlamydial infection.
(N Eng! J Med 1998;339:739-44.)
©1998, Massachusetts Medical Society.

ORE than 4 million urogenital Chla-
mydia trachomatis infections occur in
the United States annually.12 They oc-
cur in young, sexually active persons
from all socioeconomic groups, with prevalence rang-
ing from 5 percent to 20 percent.3* Women, espe-
cially, bear the burden of disease, with consequences
of genital infections ranging from pelvic inflamma-
tory disease to ectopic pregnancy and infertility.1s
These sequelae are associated with a large economic
burden.6? Because up to 80 percent of infected
women are asymptomatic and therefore do not seek

medical care, screening of young, sexually active wom-
en has been recommended.1® In the past, screening
for C. trachomatis infections in women has been lim-
ited by the need for access to a medical clinic and a
pelvic examination. However, C. trachomatis infec-
tions can now be detected with high sensitivity (85
to 95 percent) and specificity with DNA-amplifica-
tion assays performed on urine specimens,®* allowing
cost-effective screening of large numbers of women
in nonclinic settings.!s

Few studies of the prevalence of chlamydial infec-
tion in U.S. military populations have been published,
and there have been no studies using DNA-amplifi-
cation techniques among women not seeking health
care.!620 Because adolescents have the highest prev-
alence of disease and most military recruits are young,
we conducted a large prevalence study and risk-fac-
tor analysis of female recruits from throughout the
United States who began basic training at Fort Jack-
son, South Carolina. We performed this study to de-
termine the extent of infection, assess the feasibility
of screening urine specimens for C. trachomatis by
the ligase chain reaction, and assess which epidemi-
ologic correlates would be useful for implementing
an effective chlamydia-control program for female
recruits.

METHODS

Population and Specimens

All female Army recruits who were present on Sundays be-
tween January 1996 and December 1997 at the Physical Exami-
nation Section, Reception Battalion, Fort Jackson, South Carolina,
were invited to participate in this study. The study was approved
by the institutional review boards of Johns Hopkins University
and Fort Jackson (Eisenhower Army Medical Center, Fort Gor-
don, Ga.), as well as the Human Subjects Research Review Board
of the US. Army Surgeon General. Of the 16,593 recruits
approached, 13,223 (79.7 percent) volunteered to participate in
the study and were given a briefing about the study as well as an
educational briefing about chlamydial infections by the civilian
research nurse.

All subjects signed an informed-consent form and completed a
questionnaire regarding demographic information, home state,
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and sexual history. The data instrument was a two-sided scannable
form (Scantron, Tustin, Calif)). To determine the similarity of the
study subjects and those who chose not to participate in the study
with regard to demographic characteristics and sexual history,
823 of the 3370 women who did not volunteer were invited to
fill out an anonymous questionnaire. Nonvolunteers were asked
to fill out a questionnaire only during the first week of each month.

Each volunteer was instructed to collect 20 to 30 ml of first-
catch urine (the first part of the urine stream). A unique study
number was assigned to each volunteer. All urine specimens,
consent forms, and questionnaires were shipped to the Johns
Hopkins University chlamydia laboratory. Urine specimens were
kept at 4°C until processed, within 48 hours.

Laboratory Procedures and Treatment

Urine specimens were processed and tested by the ligase chain
reaction (Abbott Laboratories, Abbott Park, Iil.) for chlamydial
DNA according to the manufacturer’s directions. Each week a list
of infected subjects was sent to the research nurse. The infected
subjects were contacted and treated at the Troop Medical Clinic at
Fort Jackson by directly observed therapy with a single 1-g dose
of azithromycin. The subjects were also tested for coexisting sexu-
ally transmitted diseases. The sensitivity and specificity of the ligase
chain reaction in urine specimens as compared with cervical cul-
ture for chlamydia had been previously determined to be 88.6 per-
cent and 99.7 percent, respectively, in another military population.!*

Statistical Analysis

Questionnaire forms were scanned into a data base (dBASE III
Plus, Borland International, Spring Valley, Calif.). The results of
the ligase chain reaction, demographic information, and risk-fac-
tor information were analyzed as dichotomous variables with the
chi-square test. Univariate and multivariate logistic-regression
analysis for factors associated with chlamydial infection was per-
formed with Intercooled Stata software (version 4.0, Stata, Col-
lege Station, Tex.). All independent variables were entered into
the model, and a two-sided P value of less than 0.05 was consid-
ered to indicate statistical significance. The 95 percent confidence
interval for the prevalence value for recruits from each state was
calculated with Stata software. A one-way analysis of variance was
performed to assess the degree of significance of differences in
prevalence berween states.

RESULTS
Characteristics of the Subjects

Of 13,223 subjects presenting at the Physical Ex-
amination Section on Sundays from January 1996
through December 1997, 19 could not be evaluated
because of missing data or insufficient urine. The
median age of the 13,204 who could be evaluated was
21 years (range, 17 to 39); 879 percent (11,603)
were 25 years old or younger (Table 1). Fifty-one per-
cent of the women were white, 35.9 percent were
black, and 13.1 percent were of other races. For the
entire population, the prevalence of C. trachomatis
infection according to the urine ligase chain reaction
was 9.2 percent.

On the questionnaire, 93.1 percent of the subjects
reported having ever had vaginal sex, 26.7 percent
having had more than one sex partner in the previ-
ous 90 days, and 31.4 percent having had a new sex
partner in the previous 90 days. Only 16.9 percent
reported that their partners always used condoms. A
history of chlamydial infection was reported by 9.1
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TaBLE 1. CHARACTERISTICS OF 13,204 FEMALE ARMY RECRUITS
SCREENED FOR CHILAMYDIA TRACHOMATIS.

CHARACTERISTIC VALUE
Age —yr

Median 21

Range 17-39
Race — no. (%)*

White 6,715 (51.0)

Black 4,733 (35.9)

Other 1,726 (13.1)
Ever had vaginal sex — no. (%)} 12,281 (93.1)
Sexual history in previous 90 days — no. (%)

More than one partner} 3,478 (26.7)

New partner§ 4,076 (31.4)

Partner always used condoms{ 2,115 (16.9)
Previous diagnosis of sexually transmitted disease

— no. (%)

Chlamydia trachomatis 1,206 (9.1)

Neisserin gonorrhoene 430 (3.3)

Syphilis 74 (0.6)

Trichomonas 611 (4.6)

None 11,372 (86.1)
Chlamydia-positive — no. (%) 1,219 (9.2)

*Data were missing for 30 subjects.

tData were missing for 9 subjects.

For 168 subjects, data were missing or subject did not know answer.
§For 225 subjects, data were missing or subject did not know answer.
For 684 subjects, data were missing or subject did not know answer.

percent of the subjects, gonorrhea by 3.3 percent,
syphilis by 0.6 percent, and trichomonas infection
by 4.6 percent. Of the volunteers who reported hav-
ing had no vaginal sex, 1.4 percent (13 of 914) were
chlamydia-positive, and of those who reported that
their partners always used condoms, 8.4 percent
(177 of 2115) were chlamydia-positive.

Of the 823 nonvolunteer recruits who filled out a
questionnaire anonymously, 203 (24.7 percent) did
not provide their ages and were dropped from the
analysis. The mean age of the remaining nonvolun-
teer recruits was 21 years (range, 17 to 36); 51.3 per-
cent were white, and 31.9 percent were black. The
mean age and the racial distribution of these recruits
were not significantly different from those of the vol-
unteers. Only 66.9 percent reported having had vag-
inal sex, as compared with 93.1 percent of the volun-
teers (P<<0.001). This group differed significantly
from the volunteers in four variables, even after adjust-
ment for whether the women reported having had
vaginal sex: only 4.0 percent reported prior chlamyd-
ial infections (P=0.013), 18.2 percent had had a new
sex partner in the previous 90 days (P=0.002), 20.1
percent had partners who consistently used condoms
(P<0.001), and 90.7 percent reported no previous di-
agnosis of a sexually transmitted disease (P=0.001).
Of the nonvolunteers, 17.7 percent had had more
than one sex partner in the previous 90 days; the pro-
portion of the volunteers who had had more than
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one sex partner in the previous 90 days was similar
after adjustment for vaginal sex (P=0.189).

Prevalence of Infection

The age-specific prevalence of C. trachomatis infec-
tion among the 13,204 volunteers is shown in Fig-
ure 1. The highest prevalence of chlamydial infection
(12.2 percent) was among 17-year-olds. The preva-
lence declined sharply with increasing age, to below
5 percent for women over 25 years of age. For further
analysis, the youngest age groups (17 to 25 years) were
combined into a category called “young.” The preva-
lence in this group was 10.0 percent (1162 of 11,603).
In the older-age category (26 to 39 years), the prev-
alence was 3.6 percent (57 of 1601). The prevalence
was 5.5 percent (369 of 6715) for whites, 14.9 per-
cent (707 of 4733) for blacks, and 8.1 percent (143
of 1756) for other races.

Univariate Analysis

Univariate analysis identified 10 variables signifi-
cantly associated with chlamydial infection: young
age (17 to 25 years), black race, race other than
white or black, ever having had vaginal sex, having
had more than one sex partner in the previous 90
days, having had a new sex partner in the previous
90 days, having had a partner who did not always
use condoms in the previous 90 days, a prior diag-
nosis of gonorrhea, a prior diagnosis of trichomo-
nas, and a history of any sexually transmitted disease
(Table 2). A prior diagnosis of chlamydia or syphilis
was not significantly associated with being positive
for chlamydial infection.

Multivariate Analysis

In the complete multivariate model, having had
vaginal sex, an age of 25 years or less, black race, hav-
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Figure 1. Mean (+SE) Age-Specific Prevalence of Chlamydial
Infection among 13,204 Female Army Recruits, According to
Ligase-Chain-Reaction Assays of Urine Specimens.

ing had more than one sex partner in the previous
90 days, having had a new sex partner in the previous
90 days, having had a partner who did not always use
condoms in the previous 90 days, and a history of
any sexually transmitted disecase were independent
predictors of chlamydial infection (Table 3).

Strategies for Selective Screening

A screening strategy involving all variables identi-
fied as independent predictors would require that
100 percent of the population be tested and would
detect 100 percent of the positive subjects. In this
model, the magnitude of risk associated with having
had a new sex partner might vary according to race.
For the purpose of a screening program, this would
not alter the proportion of the population tested or
the percentage of positive subjects detected with this
model. Because screening on the basis of race would
probably be viewed as inequitable, a strategy exclud-
ing race was examined. According to this strategy,

TABLE 2. UNIVARIATE ANALYSIS OF FACTORS ASSOCIATED
WITH CHLAMYDIAL INFECTION IN FEMALE ARMY RECRUITS.*

No. ofF
Risk FACTOR REecruiTs PREVALENCE OF INFECTION
RISK RISK
FACTOR FACTOR  ODDS RATIO
PRESENT ABSENT (95% CI)
Age =25 yr 11,603 10.0 3.6 3.0(2.3-4.0)
Black racet 4,733 149 5.5 3.0(2.7-3.5)

Other (nonwhite, nonblack) 1,726 8.1 55 15(1.2-19)
racet

Having ever had vaginal sex 12,281 9.8 14 75 (44-131)

Having had >1 sex partnerin 3,478 13.5 7.7 19(1.7-21)
previous 90 daysi

Having had a new sex partner 4,076 124 7.8 1.7(1.5-1.9)
in previous 90 days§

Having had a partner who 10,405 9.8 NA 1.2(1.0-14)
did not always use con-
doms in previous 90 days{

Condom use unknownf 418 5.0 NA 0.6(04-09)

Data on condom use miss- 266 1.5 NA 0.2(0.1-0.5)
ing§

Previous diagnosis of Neis- 430 12.3 9.1 14 (1.0-1.9)
serin gonorrhocae

Previous diagnosis of tricho- 611 11.6 9.1 13(1.0-1.7)
monas

History of any sexually trans- 1,828 10.5 9.0 12(1.0-14)
mitted discase

*CI denotes confidence interval, and NA not available.
1The reference group consisted of the white subjects.

}The variable is dichotomized: the reference group consisted of the sub-
jects who did not have >1 sex partner, who answered that they did not
know, or for whom data were missing.

§The variable is dichotomized: the reference group consisted of the sub-
jects who did not have a new sex partner, who answered that they did not
know, or for whom data were missing,.

YThe variable is dichotomized: the reference group consisted of the sub-
jects who had a partner who always used condoms.
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TABLE 3. MULTIVARIATE ANALYSIS OF FACTORS INDEPENDENTLY
ASSOCIATED WITH CHLAMYDIAL INFECTION
IN FEMALE ARMY RECRUITS.

Risk FACTOR Obps Rario (95% CI)*
Age <25 yr 3.0 (2.3-4.0)
Black racet 3.4(29-338)
Other (nonwhite, nonblack) racet 1.7 (1.4-2.1)
Having ever had vaginal sex 5.9 (3.2-10.6)
Having had >1 sex partner in previous 90 days} 1.4 (1.2-1.7)
Having had a new sex partner in previous 90 days§ 1.3 (1.1-1.6)
Having had a partner who did not always use con- 1.4 (1.1-1.6)
doms in previous 90 days{
Having ever had a sexually transmitted diseasc 1.2 (1.0-1.4)

*CI denotes confidence interval.
+The reference group consisted of the white subjects.

$The reference group consisted of the subjects who did not have >1 sex
partner, who answered that they did not know, or for whom data were missing.

§The reference group consisted of the subjects who did not have a new sex
partner, who answered that they did not know; or for whom data were missing.

Y The reference group consisted of the subjects who had a partner who
always used condoms.

recruits would be tested if they were 25 years of age
or less or if they reported on a questionnaire having
had more than one sex partner or a new sex partner
in the previous 90 days, having had a partner who
did not use condoms in the previous 90 days, or
having a history of sexually transmitted disease.
Screening according to these criteria would still re-
quire testing 100 percent of the population. If a
questionnaire could be avoided and young age (25
years or less) alone was the screening criterion, 87.9
percent (11,603 of 13,204) of the population would
need to be tested and 95.3 percent (1162 of 1219)
of the positive subjects would be identified.

Geographic Variation in Prevalence

There was considerable variation in the prevalence
of chlamydial infection according to the state of or-
igin of the recruits (F<0.001 by one-way analysis of
variance). The prevalence was more than 15 percent
for recruits from South Carolina, Georgia, Alabama,
Louisiana, and Mississippi. For New Jersey, North
Carolina, Kentucky, Texas, Oklahoma, and Arkansas,
the prevalence was 10 to 15 percent, and for 17 oth-
er states and Puerto Rico, it was 5 to 10 percent. For
five states (Washington, Oregon, Minnesota, Arizo-
na, and Massachusetts), the prevalence was less than
5 percent. Fewer than 100 recruits were tested from
each of 17 states, 3 territories, and the District of
Columbia, and prevalence figures from these areas
were therefore not included in the analysis. The
prevalence for the five states with the highest preva-
Jence and the five states with the lowest prevalence
differed significantly, since the 95 percent confi-
dence intervals for prevalence did not overlap.
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DISCUSSION

Although the diagnosis and treatment of sexually
transmitted diseases has always presented a challenge,
there has been no routine screening of recruits for
chlamydial infections at entry into the U.S. Army.?!
Because most chlamydial infections are asymptomatic
in women and because the sequelae of disease present
a severe and costly burden, screening women at
entry into the Army is an appropriate way to identify
infections early and to explore opportunities for a
control program.}.6.%22

Civilian chlamydia-control programs have sought
to identify criteria for selective screening.?32” Most
of these control programs have used diagnostic assays
that require pelvic examinations and cervical speci-
mens.?s However, it has recently been shown that
testing urine specimens by DNA-amplification tech-
niques is cost effective for screening large numbers
of persons in different settings.!52¢ We used this new
technique to determine the prevalence of chlamydia
and to identify screening criteria for a program to
control chlamydia in the military.101214 Collection of
urine specimens in this study was highly acceptable
and easily implemented.

Using the ligase chain reaction with urine sam-
ples, we found a high prevalence of C. trachomatis
infection (9.2 percent). This prevalence was higher
than that observed in family-planning clinics?® but
not as high as that reported in some adolescent
health clinics.2%3 Our data agree with those from
previous studies of chlamydial infections in Army
women, in which prevalence rates ranged from 8.2
percent to 9.8 percent.)7!8 In one large, community-
based screening study, the overall prevalence of chla-
mydia in young women was 8.6 percent, as detected
by the urine ligase chain reaction, a prevalence sim-
ilar to that found in our study.3! Because our popu-
lation was not clinic-based and was not made up of
women seeking health care, the finding of such a high
prevalence in these women warrants the institution
of a control program for the routine identification
and treatment of chlamydial infections in order to
prevent sequelae and transmission to sex partners.®

The study population consisted of a young, sexu-
ally active group of female recruits with sexual risk
factors known to be associated with chlamydial in-
fection.?s Although 9.1 percent of the subjects re-
ported having had chlamydial infection in the past,
this factor was not associated with the risk of cur-
rent infection. The highest prevalence was observed
among 17-year-olds. This prevalence is similar to
comparable age-specific rates in other studies, con-
firming that young age is associated with chlamydial
infection.283! In our study, young age was associated
with being chlamydia-positive in both univariate and
multivariate analyses (odds ratio, 3.0). In order to
include more positive subjects, we used an age cutoff
of 25 years, which allowed the detection of 95.3 per-
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cent of the chlamydial infections. Other studies have
supported age-based screening for chlamydia.273132

Thus, for this group of female recruits coming
from a civilian background, who were tested within
three days of starting basic training, young age alone
can be recommended as a single indicator of who
should be tested for chlamydial infection. Other mod-
els considered in this study offered high sensitivity,
but the models were more complex and required
valid sexual-risk histories. We documented 13 chla-
mydial infections (prevalence, 1.4 percent) among
914 recruits who denied being sexually active, as well
as chlamydial infections in 8.4 percent of those who
reported that their partners consistently used con-
doms. These figures indicate that self-reported sexual-
risk histories are not always valid.33 The lower prev-
alence of chlamydial infection among recruits for
whom the data on condom use were missing, or who
indicated on their questionnaires that they did not
know whether their partners always used condoms,
may be due to lack of sexual activity, because 58.6
percent of the 684 recruits in these categories re-
ported that they had never had vaginal sex. There is a
fixed laboratory budget available for population
screening in the Army. Young age is the simplest,
least expensive, and most easily documented risk fac-
tor on which to base a recommendation for a screen-
ing program, as well as being highly sensitive. Alter-
natively, since the use of age as a selective screening
criterion would have missed 4.7 percent of the infec-
tions, universal screening might be more cost effec-
tive from a societal perspective, and future studies of
cost effectiveness are warranted.28

This was one of the largest programs for screening
young, sexually active subjects that was not clinic-
based and whose results were derived from urine
DNA-amplification assays. The geographic variation
in prevalence was striking. From more than 15 per-
cent in the five states with the highest prevalence to
less than 5 percent in the five states with the lowest,
these differences may reflect the levels of disease bur-
den in certain states. These regional variations also
appear to reflect regional differences in chlamydial
disease, as reported by the Centers for Discase Con-
trol and Prevention.?*35 For example, the prevalence
in North Carolina reportedly varied from 10 percent
to 17 percent.3 The prevalence is lower in regions
such as Wisconsin and Washington State, where clin-
ic-based chlamydia-control programs are in place
and where declining rates of prevalence of chlamydia
have been reported.26.273236 In our study, the preva-
lence was 11.3 percent for North Carolina and 3.8
percent for Washington State. Our data imply that
chlamydial infection remains common in young wom-
en across the United States. With a volunteer rate of
80 percent among women who were approached and
representation from 50 states and 4 territories, our
study had a wide geographic sampling.

One limitation of our study is that it is not known
whether the prevalence of risk factors for chlamydial
infection differs between young women who decide
to join the military and those who do not. However,
the demographic and sexual risk-factor characteris-
tics of our subjects appear to be similar to those of
other regional and clinic-based populations,? as well
as those from a large, community-based study.3! An
additional limitation is that the nonvolunteers in our
study differed from the volunteers with regard to
sexual risk factors for chlamydia. However, the non-
volunteers represented a group who were mostly
sexually active, who had had new sex partners in the
previous 90 days, and whose partners did not use
condoms. Thus, their risk of chlamydial infection
may have been as high as that of the subjects in our
study.

Although amplified-DNA tests are more expen-
sive than traditional nonculture tests, the savings as-
sociated with not having to have a clinician collect
specimens from a pelvic examination and the advan-
tages of being able to use urine as a diagnostic spec-
imen may outweigh the extra cost of the test.> In
addition, it has been demonstrated that amplified-
DNA testing of urine specimens is cost effective, and
treating chlamydial infections prevents serious com-
plications such as pelvic inflammatory disease, ec-
topic pregnancy, and infertility.15.28.37

In conclusion, our study indicates that with the
limited funding available at present, young age (25
years or less) would be the best criterion on which
to base a screening program using amplified-DNA
testing of urine for female Army recruits and perhaps
for other young women. Institution of such a con-
trol program has the potential to reduce drastically
the burden of chlamydial disease in the U.S. Army
and to prevent morbidity due to these infections.3”
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