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Abstract
Background—We evaluated the cost-effectiveness of Chlamydia screening strategies that use
different methods of specimen collection: cervical swabs, urines, and self-obtained vaginal swabs.

Methods—A decision analysis was modeled for a hypothetical cohort of 10,000 per year of women
attending sexually transmitted disease (STD) clinics. Incremental cost-effectiveness of 4 screening
strategies were compared: 1) Endocervical DNA probe test (PACE2, Gen-Probe), 2) Endocervical
AC2 (Aptima Combo 2, Gen-Probe), 3) Self-Obtained Vaginal AC2, and 4) Urine AC2. Sensitivities
of the vaginal, urine, and cervical AC2 tests were derived from 324 women attending STD clinics.
The primary outcome was cases of pelvic inflammatory disease prevented. The model incorporated
programmatic screening and treatment costs and medical cost savings from sequelae prevented.

Results—Chlamydia prevalence in the sampled population was 11.1%. Sensitivities of vaginal,
urine, and cervical AC2 were 97.2%, 91.7%, and 91.7%, respectively. The sensitivity of the DNA
probe was derived from the literature and estimated at 68.8%. The self-obtained vaginal AC2 strategy
was the least expensive and the most cost-effective, preventing 17 more cases of pelvic inflammatory
disease than the next least expensive strategy.

Conclusions—Use of a vaginal swab to detect Chlamydia in this STD clinic population was cost-
saving and cost-effective.

It has been well established that Chlamydia trachomatis screening among women in most
settings is cost-effective.1–8 Populations studied have included women attending family
planning clinics,2–5 sexually transmitted disease (STD) clinics,4 emergency departments,1
youth clinics,5 gynecology clinics,5 student health centers,3 and military recruits6,7 and
population based screening of 15- to 29-year-old women.8 Most of the analyses assumed
asymptomatic status of women.3,5–8 Two analyses, however, compared several strategies,
with some of the strategies taking symptom status into account and others screening everyone
the same way regardless of symptom status.1,2 Many analyses took the health care system
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perspective.1–3,5 However, 2 conducted analyses from the military perspective,6,7 and 2 used
the societal perspective.4,8

In most previous analyses, either an endocervical specimen was tested4,5 or a urine specimen
was tested.1,3,6–8 Consequently, many previous analyses did not evaluate the impact of
omitting the speculum examination on the cost-effectiveness outcome.1,3–7

The Aptima Combo 2 (AC2) test is among a new generation of tests that use nucleic acid
amplification and is FDA-cleared for use on endocervical, urine, and vaginal specimens.
Because most Chlamydia infections are asymptomatic,9–12 many women who seek screening
have no symptoms. Unless they are due for an annual Papanicolaou (Pap) smear, asymptomatic
women who are screened with a vaginal or urine AC2 test do not require a speculum
examination, omission of which can save time and money.

The objective of this study was to evaluate the cost-effectiveness of several Chlamydia
screening strategies and to incorporate conditions where a speculum examination may not be
necessary.

Methods
Design

A decision analysis was modeled for a hypothetical cohort of 10,000 women per year attending
Baltimore STD clinics. Incremental cost-effectiveness of 4 Chlamydia screening strategies
were compared: 1) Endocervical DNA Probe (PACE2, Gen- Probe), 2) Endocervical AC2
(Aptima Combo 2, Gen-Probe), 3) Self-Obtained Vaginal AC2, and 4) Urine AC2. Strategies
1 and 2 always required a speculum examination; strategies 3 and 4 only required a speculum
examination for symptomatic patients or those due for a Pap smear.

The primary outcome measure was number of cases of pelvic inflammatory disease (PID)
prevented. Secondary outcome measures were PID-related sequelae including infertility,
ectopic pregnancy, and chronic pelvic pain. The model incorporated programmatic screening
and treatment costs and medical costs averted through prevention of PID and its sequelae. The
time horizon was 10 years to allow for all PID sequelae to occur. The analyses were conducted
from the public health care perspective and included only direct medical costs.

Probability and Cost Estimates
Primary data, unpublished state and local data, and published literature were used to estimate
probabilities and costs for the decision analysis. Sensitivities of the vaginal, urine, and
endocervical AC2 tests were derived from 324 women (92.6% black) attending Baltimore STD
clinics between April 5, 2004 and February 3, 2005. All positive tests were confirmed by
retesting the sample using GenProbe’s FDA cleared Aptima C. trachomatis (ACT; Gen-Probe),
which has different target sequences than the AC2. Classification as a positive case required
at least 1 of the samples (vaginal, urine, or endocervical) to test positive with confirmation.
Each woman had all 3 samples collected. Following sample collection, women were asked to
rate the 3 sample techniques in order of their preferred method. Written informed consent was
obtained from all participants. The study was approved by the Western IRB, Seattle, WA, and
the Baltimore City Health Department.

The prevalence of Chlamydia among these women, the proportion of infections that were
symptomatic, the proportion of infections that were treated, and the proportion of women who
required a Pap smear were all derived from this sample. The sensitivity of the DNA
probe13–20 and the estimated proportion of women with untreated Chlamydia cervicitis who
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would develop PID3,21–23 and its sequelae24–27 were derived from the literature. See Table
1 for additional probability estimates.

Cost estimates are presented in Table 2. All costs were converted to 2006$ using the medical
care portion of the consumer price index. Maryland Medicaid reimbursement rates were used
to estimate the cost of the AC2 and DNA Probe tests. Additional cost of a speculum examination
was calculated by multiplying an STD clinician’s hourly salary rate by the average amount of
time required to perform a speculum examination and adding the cost of a plastic speculum to
this estimate. Average time to perform a speculum examination (7 minutes) was calculated
from a time-in-motion study of routine patient evaluations that required speculum examinations
at the STD clinics. Cost to treat a Chlamydia infection included the Maryland Public Health
rate for 1 g of azithromycin and 15 minutes of an STD clinician’s time.

The cost to treat PID as an outpatient was calculated using the Maryland Medicaid
reimbursement rate for a level 5 (40 minute) initial visit and a level 4 (25 minute) follow-up
visit.28 The inpatient costs to treat PID29 and the costs associated with PID sequelae4,6,24,
29–33 were derived from the literature and the South region of the Health Care Utilization
Project. All future costs were discounted at a rate of 3% and cost to charge ratios were used to
estimate the costs when only charge data were available.

Analyses
Analyses were conducted using TreeAge Pro 2006 (TreeAge Software, Williamstown, MA)
decision analysis software. Incremental cost savings, cases of PID prevented, and incremental
cost effectiveness ratios (ICER) were calculated for each screening strategy using DNA probe
screening as the comparator strategy. Because the most cost-effective strategy not only
prevented more cases of PID but also saved money as compared with the DNA probe screening
strategy, ICERs were expressed as negative values. Threshold prevalence was calculated for
each strategy to determine at what Chlamydia prevalence the strategy would become the most
cost-effective strategy.

Univariate and bivariate sensitivity analyses were conducted for parameters where estimates
were uncertain. No published consensus exists on the societal value placed on preventing a
case of PID. We, in consensus with other STD experts, decided to use $400 as a conservative
estimate of the acceptable cost of preventing a case of PID. Therefore, when univariate
sensitivity analyses identified parameter values that increased the cost of the most effective
strategy, the parameter value at which the ICER exceeded $400 per case of PID prevented was
calculated.

Results
Primary Data

The Chlamydia prevalence in the sampled population of 324 women was 11.1% (95% CI,
7.7%–14.5%). Sixty-six percent of the screened sample were symptomatic with reported
genital complaints; however, only 18.8% had abdominal pain. The sensitivities of the vaginal,
urine, and endocervical AC2 for detecting Chlamydia in this sample were 97.2%, 91.7%, and
91.7%, respectively. Ninety-four percent of the infected women were successfully treated with
antibiotics. Thirty-eight percent of the women were due for a Pap smear on the day of their
visit. Forty-six percent of participants preferred vaginal specimen collection, 29% endocervical
collection, and 25% urine collection. Ease of vaginal self-collection was reported as “easy” by
80.9%, “OK” by 16.1%, and “hard” by 3.0% of women.
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Cost-Effectiveness Analysis
Total costs of each screening strategy, number of cases of PID prevented, cost savings, and
ICERs are listed in Table 3. The least expensive and most effective strategy was the self-
obtained vaginal AC2 strategy, with programmatic costs savings of $64,000 compared with
endocervical DNA probe screening and prevention of 88 additional cases of PID. The other
two AC2 strategies prevented fewer cases of PID while costing more money than the self-
obtained vaginal AC2 strategy and thus were dominated by the self-obtained vaginal AC2
strategy.

Prevalence Threshold
The urine AC2 and endocervical AC2 strategies never become the most cost-effective
strategies regardless of the Chlamydia prevalence. This is because the cost to process AC2 is
the same regardless of specimen used, the cost to obtain a urine or endocervical sample is never
less than the cost to obtain a vaginal sample, and the sensitivity of the vaginal AC2 in this study
is higher than the sensitivity of either the urine or endocervical AC2. The endocervical DNA
probe strategy becomes less expensive than the self-obtained vaginal AC2 strategy when the
prevalence is 7.6% or less.

Univariate Sensitivity Analyses
The only variable for which a change in parameter value would result in urine AC2 becoming
the most cost saving strategy was a urine AC2 sensitivity greater than the self-obtained vaginal
AC2 sensitivity. Similarly, the only variable for which a change in parameter value would
result in endocervical AC2 becoming the most cost saving strategy was an endocervical
sensitivity greater than 99% or both the urine AC2 and vaginal AC2 sensitivities less than 90%.

One-way sensitivity analyses, using the ranges listed in Table 1, demonstrated that changes in
parameter estimates for the following variables were each capable of shifting the most cost-
savings strategy from self-obtained vaginal AC2 toward endocervical DNA probe: successful
treatment of fewer than 66% of infected women; presumptive treatment of at least 30% of
infected women at screening visit; PID sequelae costs less than $1,210; endocervical DNA
probe test cost less than $21.60; self-obtained vaginal AC2 test cost more than $49.80; or
endocervical DNA probe sensitivity greater than 77.5%.

Given that the self-obtained vaginal AC2 strategy continued to prevent more cases of PID than
the endocervical DNA probe strategy even when it costs more, the parameter values of variables
at which the ICER for self-obtained vaginal AC2 strategy exceeded $400 were calculated and
are presented in Table 4.

Bivariate Sensitivity Analyses
Figure 1 demonstrates the effect of varying both the vaginal AC2 sensitivity and the
endocervical AC2 sensitivity. Likewise, Figure 2 demonstrates the effect of varying both the
vaginal AC2 sensitivity and the endocervical DNA probe sensitivity. Figure 3 demonstrates
the effect of varying both the cost of the AC2 and the cost of the DNA probe.

Effect of Reducing Speculum Examinations
If all patients were evaluated with a speculum examination regardless of lack of symptoms and
need for Pap smear, then the self-obtained vaginal AC2 strategy saves less money, but is still
cost saving. As compared with the endocervical DNA probe strategy, requiring a speculum
examination for all patients in the self-obtained vaginal AC2 strategy reduces cost savings from
$64,000 to $52,000.
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Given that most patients with PID have lower abdominal pain34 and the PID Evaluation and
Clinical Health study only enrolled patients who were experiencing pelvic discomfort,35 we
looked at the effect of not requiring a speculum examination in patients who do not have
abdominal pain. Symptomatic patients who do not have lower abdominal pain can be evaluated
for Chlamydia and Gonorrhea with a vaginal or urine AC2 and can be diagnosed with
trichomoniasis, vulvovaginal candidiasis, and bacterial vaginosis with a wet mount of a blindly
obtained cotton swab vaginal specimen.36 In the sample of 324 women evaluated in this study,
18.8% had abdominal pain. If patients evaluated with the urine AC2 or self-obtained vaginal
AC2 strategy only received a speculum examination if they had abdominal pain or needed a
Pap smear (50% of sample), then the self-obtained vaginal AC2 strategy savings would rise to
$79,000 as compared with the DNA probe comparator strategy.

Discussion
In this population of women attending Baltimore STD clinics, self-obtained vaginal AC2
outperformed the other strategies for detection of Chlamydia infections. As a result, it was
more effective than either the urine or endocervical AC2 tests in preventing PID. The additional
cost of the AC2 test as compared with the DNA probe test was more than compensated for by
the cost savings associated with preventing substantially more cases of PID. Additional savings
were realized as a result of the ability to omit the speculum examination in many women tested
with self-obtained vaginal AC2. Furthermore, of the 3 sampling techniques experienced by
these women, vaginal sampling was preferred by the most women and over 80% reported it
was “easy” to perform. Despite a relatively small sample size, the difference in acceptability
between vaginal swabs and urine or cervical swabs was statistically significant (P <0.01).

The role of the speculum and bimanual examinations in asymptomatic women, symptomatic
women, and STD contacts was evaluated in a recent retrospective chart review of patients
attending the same STD clinics where the primary data for this study were collected.37 The
investigators found that among symptomatic patients, 5.9% of the syphilis infections and 4.2%
of the herpes infections were diagnosed during the speculum examination; however, they did
not specify how many of these lesions were internal versus found on the external genitalia,
which would require only an external visual inspection.37 Among STD contacts and
asymptomatic patients the percentages were lower: 1.7% and 0.6% respectively for syphilis
diagnoses and 0.6% and 1.7% respectively for herpes diagnoses.37 Furthermore, the
investigators demonstrated that a low percentage of clinically relevant diagnoses (including
syphilis, herpes, and PID) would be missed if all patients were screened with self-collected
vaginal specimens and serologies for syphilis and herpes simplex virus: 9.3% in symptomatic
patients, 3.3% in STD contacts, and 2.3% in asymptomatic patients.37 Whether it is acceptable
to miss 9.3% of clinically relevant diagnoses in symptomatic patients is a judgment call.
However, the percentage of missed diagnoses would have been less if the symptomatic patients
with abdominal pain had received bimanual examinations. It is not possible from the data
provided to estimate the exact reduction that this would have led to.37

It is now well accepted that Chlamydia screening among women is cost-effective.1–8 In our
cost-effectiveness analysis of 3 AC2 screening strategies we have paid particular attention to
the accrual of healthcare system savings when it is possible to omit the speculum examination.
Our findings are consistent with those of Shafer et al. and Howell et al. who also concluded
that when no other indication exists for a speculum examination, omitting the speculum
examination increases the cost-effectiveness of Chlamydia screening.2,38 In Howell’s study,
urine specimens were used when there was no indication to perform a speculum examination,
but endocervical specimens were used if a speculum examination was already being conducted
for other reasons.2 The test used in that study, ligase chain reaction, performed better on
endocervical specimens than urine specimens.2 Howell et al. 2 found that the urine test was
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more cost-effective if there was no other indication to conduct a speculum examination and,
not surprisingly, if a speculum examination was already indicated, use of the more sensitive
endocervical specimen was more cost-effective. Shafer et al.38 compared use of the urine ligase
chain reaction to use of the endocervical ligase chain reaction in asymptomatic adolescents
and concluded the same: in asymptomatic females who would not otherwise need a speculum
examination, use of the urine specimen was more cost-effective, even though it was slightly
less sensitive. In the population we studied, self-obtained vaginal AC2 prevented the most
cases of PID, saved the most money, and was preferred by the most women.

Our results may not be generalizable beyond an STD clinic setting. Nevertheless, STD clinics
serve women with diverse needs. Some women request only an STD screen and are otherwise
healthy. Providing these women with noninvasive screening not only respects the desires of
many patients but also saves money from the health care system perspective. Limiting
speculum examinations to women who require a Pap smear or present with a gynecologic
symptom increases the health care savings of the self-obtained vaginal AC2 screening program
by 23%. If however, the speculum examination were limited to women who required a Pap
smear or presented with abdominal pain, regardless of genital symptoms, then the health care
savings would increase an additional 23% for a total health care savings of 46%.

Other studies have supported the accuracy and acceptability of self-obtained vaginal swabs,
when tested by nucleic acid amplification tests, for the detection of Chlamydia infections.39–
50 Given rising health care costs and the epidemic of Chlamydia infections in the United States,
the provision of an algorithm of using self-obtained vaginal swabs to screen women who do
not require a Pap test and who deny having abdominal pain in clinic venues has the potential
to be a cost-effective strategy. Vaginal swabs can also be used to diagnose other vaginal and
cervical infections such as gonorrhea, trichomonas, yeast infections or bacterial vaginosis.
36,43,44,47 A limitation of this approach is that some clinically important conditions, such as
primary syphilitic chancre, HSV lesions, or other medical conditions (i.e., tumor or pregnancy)
may be missed. However, many of these other conditions can be diagnosed by alternative
means, like serological tests or may be detected during external genital inspection. Future study
of this algorithm will provide more information as to the worth of such an approach.

In summary, our results demonstrated that use of self-obtained vaginal swabs was more cost-
effective than urine or cervical specimens and patient acceptability of self-obtained vaginal
swabs was highest of the 3 specimens evaluated.
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Fig. 1.
Two-way sensitivity analysis of endocervical AC2 sensitivity versus vaginal AC2 sensitivity.
AC2 indicates Aptima Combo 2; PACE2, DNA probe.

Blake et al. Page 10

Sex Transm Dis. Author manuscript; available in PMC 2009 July 16.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 2.
Two-way sensitivity analysis of endocervical PACE2 sensitivity versus vaginal AC2
sensitivity. PACE2 indicates DNA probe; AC2, Aptima Combo 2.
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Fig. 3.
Two-way sensitivity analysis of AC2 cost versus PACE2 cost. AC2 indicates Aptima Combo
2; PACE2, DNA probe; EC, endocervical.
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Table 1
Probability Estimates

Variable
Probability

Estimate (%)
Range

(%) Reference

Chlamydia prevalence 11.1 7.7–14.5 Primary data and 95% CI

Sensitivity AC2

  Vaginal 97.2 85.5–99.9 Primary data and 95% CI

  First catch urine 91.7 77.5–98.2

  Endocervical 91.7 77.5–98.2

Specificity AC2

  Vaginal 99.5 97.1–99.7 50

  First catch urine 99.3 98.8–99.3 50–52

  Endocervical 98.3 97.6–98.3 50,52,53

Sensitivity DNA probe* (endocervical) 68.8 40–86.5 13–20

Specificity DNA probe* (endocervical) 99.8 95.6–100 13–20

PID 30 30–41 3,21–23

Proportion of PID that is silent 60 — 3,54

Proportion of PID that is overt 40 — 3,54

Inpatient treatment of PID 12.1 5–25 24,29,30,38,55,56

Chronic pelvic pain 18 — 24

Ectopic pregnancy 6 3.6–9.1 24–27

Infertility 9 7.7–20 24,25,27

Infertile women seeking fertility services 22.4 — 57

Proportion of women requiring
   a Pap smear and/or symptomatic
   and requiring a pelvic
   exam to rule out PID

79.0 71.3–86.8 Primary data and 95% CI

Proportion of women requiring
   a Pap smear and/or reporting
   abdominal pain and requiring a pelvic
   exam to rule out PID

50.5 40.9–60.0 Primary data and CI

*
DNA probe was PACE2.

AC2 indicates Aptima Combo 2; PID, pelvic inflammatory disease.
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Table 2
Cost Estimates (2006$)

Variable Cost Estimate Range Reference

AC2* $43.42 — Maryland State Medicaid
  reimbursement rate

Endocervical DNA probe† cost $28.02 — Maryland State Medicaid
reimbursement rate
  reimbursement STD clicnc

Cost to perform pelvic Speculum, $0.68 — Baltimore City STD clinic

  examination at Baltimore Clinician time, $4.72 —

  City STD clinic Total: $5.40 —

Cost of cervicitis treatment
  visit at Baltimore City STD clinic

Clinician visit, $10.12 — Baltimore City STD clinic

Cost of treatment medication
  for cervicitis

Azithromycin 1 g, $15.84 — Maryland public health price

Inpatient cost for PID
  treatment

$8900 $4277–$13,583 29 (HCUP 2003–South region)

Outpatient visit cost for PID
  treatment

Level 5 initial Office visit,
$103

Level 4 F/U Office visit, $70

— Maryland Medicaid rate

Cost of treatment medication Ceftriaxone 250 mg, $20 — 58

for PID Injection admin, $5 — Estimate

Doxycycline 100 mg BID ×
14 d, $3

— 59

Cost for infertility treatment‡ $5091 $3915–$13,397 29–31 (HCUP 2003–South
  region)

Cost for ectopic pregnancy
treatment§

$6294 $6294–$7947 29,30 (HCUP 2003–South
  region)

Cost for chronic pelvic pain
treatment‖

$8997 $655–$16,694 4,6,24,30,32,33

*
AC2 indicates Aptima Combo 2.

†
DNA Probe was PACE2.

‡
Estimated delay of 10 years before cost realized.

§
Estimated delay of 5 years before cost realized.

‖
Estimated delay of 2 years before cost realized.
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Table 4
Univariate Sensitivity Analyses

Variable
Alternate

Value
Incremental Cost/Case of

PID Prevented (ICER)

Prevalence 7.6% $27

6.5% $425

Proportion treated 65% $21

56% $406

Treated day of visit 30% $6

40% $440

Cost of PID sequelae $1210 $2

$800 $404

Cost of endocervical $21.60 $5

  probe $18.00 $410

Cost of self obtained $49.80 $1

  vaginal AC2 $53.40 $406

Sensitivity of endocervical 77.5% $5

  probe 80.5% $415

Sensitivity of self obtained 88.5% Break even

  vaginal AC2 85.5% $415

PID indicates pelvic inflammatory disease; ICER, incremental cost effectiveness ratio (compares self-obtained vaginal AC2 with endo-cervical DNA
probe); AC2, Aptima Combo 2.
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