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ABSTRACT
Objectives To compare the effectiveness and cost-
effectiveness of a promising new point-of-care (POC)
chlamydia test with traditional nucleic acid amplification
testing (NAAT), and to determine the characteristics that
would make a POC test most cost-effective.
Methods A decision tree was constructed to model
chlamydia screening visits to a sexually transmitted
disease clinic by a hypothetical cohort of 10 000 women.
The model incorporated programmatic screening costs,
treatment costs and medical costs averted through
prevention of pelvic inflammatory disease (PID) and its
sequelae. Parameter values and costs were estimated for
each node in the decision tree based on primary data,
published data and unpublished health data.
Results For the base-case scenario (POC sensitivity
92.9%; 47.5% of women willing to wait 40 min for test
results; test cost $33.48), POC was estimated to save
US$5050 for each case of PID averted compared with
NAAT. One-way sensitivity analyses indicated that
POC would dominate NAAT if the POC test cost is
<US$41.52 or if POC sensitivity is ≥87.1%. In a
probabilistic sensitivity analysis (Monte Carlo simulations,
10 000 iterations), 10.8% of iterations indicated that the
POC strategy dominated the NAAT strategy. The mean
incremental cost-effectiveness ratio indicated that the
POC strategy would save US$28 in total, and avert
14 PID cases.
Conclusions A promising new chlamydia POC test is
likely to be cost-effective compared with traditional
NAAT. The POC test sensitivity, cost and proportion of
women willing to wait for the POC test result are key
elements to determining the cost-effectiveness of any
new POC test strategy.

INTRODUCTION
Chlamydia trachomatis infection is the most
common bacterial sexually transmitted infection
(STI) in the USA, with >2 800 000 new cases esti-
mated to occur annually.1 In untreated women,
chlamydia infection can result in pelvic inflamma-
tory disease (PID), which can cause serious and
costly sequelae (infertility, ectopic pregnancy and
chronic pelvic pain).1 Since the majority of chla-
mydia infections in women are asymptomatic,2 3

tubal damage can occur without her knowledge.
With the advent of nucleic acid amplification

tests (NAATs), which can use non-invasive speci-
mens and have high sensitivity and specificity,
improved detection and treatment of chlamydia

infection has been possible.4 However, these labora-
tory tests involve a delay between specimen sub-
mission and receipt of test results. This delay may
lead to overtreatment (if patients are treated pre-
sumptively at their initial visit), postponed treat-
ment (if the follow-up visit occurs days/weeks
later), or even lack of treatment (if patients are lost
to follow-up).5

Recently, several companies have developed
point-of-care (POC) tests that provide rapid results
for the detection of chlamydia at the index visit.
This can dramatically reduce the time between
testing and treatment, as well as increase treatment
rates.3 However, sensitivities of the three US Food
and Drug Administration-approved POC chlamydia
tests (25%–65%) preclude more widespread use in
clinical settings.6 Nevertheless, POC tests can be
beneficial in settings where patients do not reliably
return for treatment.2 3 Based on focus group dis-
cussions with clinicians, opinion leaders and public
health professionals, and a recent clinician survey,
an ideal POC test should have ≥90% sensitivity,
require ≤30 min to process, and cost ≤US$20.7

We conducted a comparative effectiveness research
(CER) study to examine differences in costs and
outcomes between a promising new chlamydia
POC test in development and traditional chlamydia
NAATs. We also evaluated the characteristics that
would result in making future POC tests more cost-
effective than NAATs.

MATERIALS AND METHODS
Decision analysis model
A decision tree (appendix 1) was constructed to
model visits to a sexually transmitted disease
(STD) clinic by a hypothetical cohort of 10 000
sexually active women. We compared the clinical
effectiveness and economic impact of two chla-
mydia screening strategies: a vaginal swab POC
test currently in development versus a vaginal
swab NAATassay. Parameter values and costs were
estimated for each node in the decision tree based
on primary, published and unpublished data.
Medical outcomes included PID resulting from

untreated chlamydia infection and the three most
serious sequelae of PID: chronic pelvic pain,
ectopic pregnancy and tubal infertility. The model
incorporated programmatic screening costs, treat-
ment costs and medical costs averted through
prevention of PID and its sequelae. We used com-
monly accepted time horizons for each of the
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sequelae: 10 years for infertility, 5 years for ectopic pregnancy
and 2 years for chronic pelvic pain.8–10 In our analyses, we con-
sidered time-to-treatment effects, but not transmission effects,
because most US STD services do not have the resources to
trace partners of chlamydia-infected individuals. We also did
not consider the potential effects of presumptive treatment for
patients screened with NAAT because most of the surveyed
clinicians reported that they infrequently treat women pre-
sumptively. We did, however, consider false positive and false
negative results that could influence treatment decisions.

Costs were adjusted to US dollars (in 2011), and future costs
were discounted at an annual rate of 3%. The analyses were
conducted from a public healthcare perspective and included
only direct medical costs.

Protocol
Primary data were derived from a convenience sample of 154
eligible women who were recruited from the Baltimore,
Maryland, STD clinics between April 2010 and February 2011
for an evaluation of a new chlamydia POC test in development.
Inclusion criteria were: age ≥18 years, no antibiotic treatment
within the past 21 days, ≥1 h since last urine void, and requir-
ing a pelvic examination on the day of their visit. One partici-
pating clinic did not perform pelvic examinations on pregnant
women, so at that clinic, pregnant women were excluded. For
each study subject, cervical, self-collected vaginal and urine spe-
cimens were collected for chlamydia screening with a NAAT
assay (Aptima Combo 2, Gen-Probe Inc, San Diego, California,
USA). An additional, self-collected vaginal swab was obtained
for testing with the experimental POC chlamydia test. For
study purposes, a woman was considered to be chlamydia
infected if ≥2/3 NAAT results were positive.

All women were given 2-week follow-up appointments. As
per standard clinical protocol, patients received results at the
follow-up visit, plus antibiotic treatment if infected. A disease
intervention specialist (DIS) attempted to contact all infected
women who did not return for their 2-week follow-up visit.
Demographic and other data about study visits were extracted
from electronic health records. A self-reported questionnaire,
assessing patients’ perceptions about the ideal characteristics of
a POC test, was completed by another set of 118 women
during their index visit. Study procedures were approved by the
Johns Hopkins University Institutional Review Board.

Parameter value estimates
The chlamydia prevalence estimate for the hypothetical cohort
was based on the chlamydia infection rate among study
women. Return rate, treatment rate and need for DIS assistance
for the NAAT strategy of the decision tree were modelled using
data from this study sample. Based on the performance of the
new POC test, the waiting time to obtain the POC test result
would be ∼40 min. For the base-case scenario, the proportion
of women willing to wait 40 min to receive the POC test result
was based on the self-reported questionnaires. Given that some
commercially available POC tests require 20 min to perform,
but also recognising that more sensitive tests may require
longer processing times, we conducted sensitivity analyses
using a variety of estimates for the proportion of women who
would remain in the clinic for POC test results.

Based on current clinical practice patterns with POC tests
for other STIs, all infected women in the POC strategy of our
model who waited for their POC test result were presumed to
receive treatment at their index visit. For those not willing to
wait, we assumed that the same rate of infected women would

receive treatment (with DIS assistance) as with the NAAT
strategy. According to DIS experience, we estimated that 1 h of
labour would be required to track each chlamydia-infected
woman who did not receive treatment at her index visit (POC
strategy), or failed to return for her 2-week follow-up visit
(NAAT strategy).

The sensitivity and specificity of vaginal swab NAAT were
based on studies reported in the literature and the package
insert.9 11 12 We also used published literature to derive estimates
for the azithromycin treatment success rate,4 pre-existing rate of
PID among chlamydia-positive cases at the time of diagno-
sis,13 14 incident rate of PID among chlamydia-positive cases not
treated until 2 weeks after the index visit,15 rate of PID among
untreated chlamydia-positive cases,16–19 proportion of silent
PID,8 proportion of inpatient PID treatment20 21 and rates of
key sequelae.22–28 The estimated rate of PID among untreated
chlamydia-positive women was based on results from earlier
classical studies, which used actual laparoscopic or histological
findings and reported asymptomatic and symptomatic PID.
Parameter value estimates for all variables are provided in
table 1.

Cost estimates
The average cost to screen a woman for chlamydia in the clinic
setting was calculated using direct clinician labour costs at the
Baltimore STD clinics for a 40 min visit, supply costs for the
visit, and NAAT laboratory processing costs. The laboratory
cost of a NAATwas based on the Medicare reimbursement rate
received by the Baltimore STD clinic. We assumed that a new
POC test with improved sensitivity would be priced competi-
tively and, therefore, used the same point estimate for POC
test cost as for NAAT cost. The State of Maryland Public
Health cost for 1 g azithromycin to treat chlamydia infection
was used. DIS labour costs were based on actual Baltimore
STD clinic salaries. Based on clinician estimates, treatment of
women with a positive POC test at the index visit would
require an additional 10 min of clinician time and treatment of
women at a 2-week follow-up visit would require 20 min of
clinician time.

The cost associated with inpatient PID treatment was based
on hospital direct costs and the reimbursement rate for one
25 min outpatient follow-up visit. The cost associated with out-
patient PID treatment was based on one 40 min initial visit, one
25 min follow-up visit, and medication costs. To calculate
the cost associated with treatment of PID-related sequelae, we
summed the proportion of women estimated to develop each
sequela multiplied by the cost to treat the sequela and dis-
counted by 3% for each year of delay in developing PID-related
sequelae. Additional details of this approach have been published
previously.9 10 Cost estimates are presented in table 1.

Analyses
We used SAS V.9.2 (Cary, North Carolina, USA) to analyse our
primary data. We report the POC sensitivity, specificity and
positive and negative predictive values, all with 95% CI.

We used TreeAge Pro 2009 decision analysis software
(TreeAge Software, Williamstown, Massachusetts, USA) to
perform the cost-effectiveness analyses. The primary outcome
measures were the number of cases of PID averted, and the
incremental cost incurred or saved per episode of PID averted
(including costs for PID-related sequelae: infertility, ectopic
pregnancy and chronic pelvic pain). The incremental cost-
effectiveness ratio (ICER) was calculated using NAAT as the
comparator strategy.
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Table 1 Parameter value estimates

Variable Point estimate (%) Range estimate (%) Data source

POC vaginal Primary data*
Sensitivity 92.9 66.1–99.8
Specificity 98.5 94.6–99.8

NAAT vaginal 9 11 12
Sensitivity 98.0 96.9–100
Specificity 97.8 96.5–100

Chlamydia prevalence 9.4 – Primary data*
Patients willing to wait for POC test result Primary data*
40 min waiting 47.5 38.8–56.5
60 min waiting 28.0 19.9–36.1
90 min waiting 15.3 8.8–21.7

Ct treatment received in POC strategy Primary data*
Among women who wait for result 100 –

Among women who do not wait for result 93.7 80–100
Ct treatment received in NAAT strategy 93.7 80–100 Primary data*
Infected women requiring DIS effort in NAAT strategy Primary data*
Received treatment 59.2 –

Did not receive treatment 100 –

Infected women requiring DIS effort in POC strategy Primary data*
Received treatment at index visit 0 –

Did not receive treatment at index visit 100 –

Azithromycin treatment success rate 97 – 4
PID among chlamydia-infected women prior to testing 3.6 – 13 14
PID developing among chlamydia-infected women between testing and 2-week treatment visit 2.2 – 15
PID among women with untreated chlamydia 30 23–41 16–19
Silent PID among all PID 60 – 8
Inpatient treatment of PID 11.8 9.0–14.5 20 21
Chronic pelvic pain caused by PID 22.9 16.7–29.0 22 23
Ectopic pregnancy caused by PID 4.2 0.6–9.1 22–26
Infertility caused by PID 9.7 8.0–11.4 24 26
Infertile women seeking fertility services 38.5 22.4–44.5 27 28
POC test cost ($) 33.48 20–50 Estimated
NAAT test cost ($) 33.48 – Medicaid reimbursement rate
Clinician cost for initial visit (20 min) ($) 12.11 – 10
Gloves ($) 0.06 – 10
Drape ($) 0.30 – 10
Cleaning room ($) 1.01 – 10
Vital signs ($) 1.01 – 10
Cost of medication (1 g azithromycin) ($) 1.86 – 10
Clinician cost for treating POC+onsite (10 min) ($) 6.05 – 10
Labour cost for women who needed DIS to assist with Ct treatment (1 h) ($) 9.67 – 10
Clinician cost for follow-up visit (20 min) ($) 12.11 – 10
Cost for PID inpatient treatment 9
In-hospital cost ($) 10420 4968–15778
One 25 min outpatient follow-up visit ($) 81.31 –

Cost for PID outpatient treatment 9
One 40 min initial visit ($) 119.65 –

One 25-min follow-up visit ($) 81.31 –

Ceftriaxone (250 mg) ($) 23.23 –

Injection administration ($) 5.81 –

Doxycycline (100 mg bid for 14 days) ($) 3.48 –

Cost for infertility treatment ($)† ($) 5957 4581–15676 9
Cost for ectopic pregnancy treatment ($)‡ ($) 7365 7365–9299 9
Cost for chronic pelvic pain treatment ($)§ 10527 766–19534 9

Costs are in US$ (in 2011).
*Results from our pilot study and/or survey results. The ranges for these values are the 95% CIs.
†Estimated delay of 10 years before cost realised.
‡Estimated delay of 5 years before cost realised.
§Estimated delay of 2 years before cost realised.
bid, twice daily; Ct, Chlamydia trachomatis; DIS, disease intervention specialist; NAAT, nucleic acid amplification test; PID, pelvic inflammatory disease; POC, point-of-care.
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We conducted sensitivity analyses for parameter values that
were uncertain. Threshold analyses were conducted to deter-
mine the parameter value at which recommendations would
change. Scenario analyses were performed to evaluate the char-
acteristics that would make POC tests more cost-effective than
NAAT based on variations among three key parameters identi-
fied by one-way sensitivity analyses. The values of the three
key parameters used in our scenario analyses were based on our
pilot study results and clinical needs assessment survey results.
All other base-case scenario parameter values were held con-
stant during scenario analyses.

We also conducted probabilistic sensitivity analyses (PSAs)
using Monte Carlo simulations (10 000 iterations) with β distri-
butions for binomial variable and γ distribution for cost data
(appendix 2).

RESULTS
Primary data
Of 154 eligible participants, one woman withdrew, and four
did not have valid cervical NAAT results, leaving 149 women in
the analysis. Participant median age was 27 years, and 99.3%
were African–American. The majority of women indicated that
their reason for visiting the clinic was because they were due a
checkup (53.0%), or had symptoms (34.9%). Overall, 62.8% of
women reported ≥1 symptom, and 80.5% had a history of STI.

The sensitivity and specificity of the experimental vaginal
POC test were 92.9% (95% CI 66.1% to 99.8%) and 98.5%
(95% CI 94.6% to 99.8%), respectively (table 1). The positive
and negative predictive values were 86.7% (95% CI 59.5% to
98.3%) and 99.2% (95% CI 95.8% to 100%), respectively.

The chlamydia prevalence rate was 9.4%. Of chlamydia-
infected women at the STD clinic, 93.7% received treatment;
however, 59.2% of these women required DIS intervention. Of
the 118 women surveyed during an STI screening visit to
assess perceptions about the ideal characteristics of an STI
POC test, 47.5% said they would be willing to wait in clinic
for 40 min for the POC test result (table 1).

Cost-effectiveness analysis
In the base case for this hypothetical cohort of 10 000 women
visiting a typical STD clinic, the POC strategy was predicted

to prevent 14 additional cases of PID and save US$70 706 in
direct medical costs, compared with the NAAT strategy (table 2,
scenario A).

One-way sensitivity analyses conducted on the base-case
scenario demonstrated that the three key parameters driving the
results were POC test sensitivity, proportion of women willing
to wait for POC test results, and POC test cost. These analyses
also revealed that changes in the chlamydia prevalence (0%–

15%; appendix 3A), proportion of women receiving treatment
with or without DIS assistance (0%–100%; appendix 3B), and
PID rate among untreated chlamydia-infected women (0%–

50%; appendix 3C) would alter the magnitude of the outcomes,
but not their direction. Threshold analyses demonstrated that
the POC strategy dominated the NAAT strategy when the POC
test cost was <US$41.52, or when sensitivity was ≥87.1%.

A two-way sensitivity analysis assessing the relationship
between POC test sensitivity and proportion of women willing
to wait for their result (two of the three key parameters)
demonstrated that if ≥50% of women were willing to wait,
POC test sensitivity needed to reach 86.7% in order to be at
least as effective as NAAT. This relationship was investigated
further by substituting four different values of the third key
parameter (POC test cost), and these two-way sensitivity ana-
lyses are represented in figure 1. Figure 1C most closely approxi-
mates the base-case scenario, in which the POC test cost is the
same as the NAAT cost (US$33.48). The effects of higher and
lower POC test costs on this relationship are illustrated by the
other panels in figure 1.

In addition to the base-case scenario, table 2 presents the
best-case (B), worst-case (E), and two intermediate-case (C and D)
scenarios using different combinations of the three key para-
meters: POC test sensitivity, cost of POC test, and proportion
of women willing to wait for the POC test result. For the best-
case scenario (B), which corresponds to parameter estimates
recommended for an ideal POC test,7 the POC strategy would
prevent 20.4 additional cases of PID and save US$236 342
in direct medical costs compared with the NAAT strategy.
Parameter values for the worst-case scenario (E) correspond to
the lowest POC test sensitivity (70%), the longest processing
time (90 min), and the highest price (US$50) that might still
be acceptable. For this worst-case scenario, the NAAT strategy

Table 2 Cost-effectiveness analysis (2011 US$ among a hypothetical cohort of 10000 women)

Scenario Strategy
Ct cases
detected

False negative
cases

False positive
cases

Cases of PID
expected

Cases of PID
averted

Total cost
($)

Cost difference
($)

Cost/case of PID
averted ($)*

A† POC 873 67 136 66.4 14.0 711508 −70706 −5050
NAAT 921 19 199 80.4 – 782214 – –

B‡ POC 873 67 136 60.0 20.4 545872 −236342 −11585
NAAT 921 19 199 80.4 – 782214 – –

C§ POC 752 188 136 96.3 – 681507 – –

NAAT 921 19 199 80.4 15.9 782214 +100708 +6328
D¶ POC 752 188 136 98.7 – 892546 – –

NAAT 921 19 199 80.4 18.3 782214 −110332 −6029
E** POC 658 282 136 123.0 – 1079550 – –

NAAT 921 19 199 80.4 42.5 782214 −297335 −6996

NAAT strategy saves money per each additional case of PID averted, and POC strategy was dominated.
*A positive value indicates cost per case of PID averted, while a negative value indicates cost saved per case of PID averted. POC strategy saves money per each additional case of PID
averted, and NAAT strategy was dominated.
†A: base-case scenario with sensitivity of POC=92.9%; 40 min waiting time (47.5% of women waited); cost of POC test=$33.48.
‡B: best-case scenario with sensitivity of POC=92.9%; 30 min waiting time (93.1% of women waited); cost of POC test=$20.
§C: scenario with sensitivity of POC=80%; 40 min waiting time (47.5% of women waited); cost of POC test=$20.
¶D: scenario with sensitivity of POC=80%; 60 min waiting time (28.0% of women waited); cost of POC test=$40.
**E: worst case scenario with sensitivity of POC=70%; 90 min waiting time (15.3% of women waited); cost of POC test=$50.
Ct, Chlamydia trachomatis; NAAT, nucleic acid amplification test; PID, pelvic inflammatory disease; POC, point-of-care.
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would be more effective and less expensive than the POC strat-
egy (table 2). Parameter values for the two intermediate-case
scenarios (C and D) were chosen to assess the effect of an inter-
mediate POC test sensitivity (80%) and a tradeoff between
intermediately higher (US$40) or lower (US$20) cost and inter-
mediately shorter (40 min) or longer (60 min) test processing
times.

In the PSA, 10.8% of iterations indicated that POC would
dominate NAAT; 5.5% indicated that POC would not save
money but would avert more PID cases; and 47.8% indicated
that POC would save money but avert fewer PID cases. The
mean ICER indicated that the POC strategy would save US$28
and avert 14 PID cases. Figure 2 shows the cost-effectiveness
acceptability curve.

DISCUSSION
This analysis of a hypothetical cohort of 10 000 women visit-
ing a typical STD clinic demonstrated that, for the base case
(POC sensitivity 92.9%; 47.5% willing to wait 40 min for
results; test cost US$33.48), POC would be more effective and
less expensive than NAAT. We chose to conduct a cost-
effectiveness analysis form of CER because such studies
examine differences in costs and outcomes, and aim to identify
the approach that offers the better value, rather than the
lowest cost.

This study has some limitations. First, there is a lack of
consensus on the incidence of PID in women with untreated
chlamydia. Nevertheless, one-way sensitivity analyses demon-
strated that differences in PID rates among untreated
chlamydia-infected women do not change the direction of the

findings, only the magnitude (appendix 3C). Second, the
primary data were only based on 149 women, and there is
inherent uncertainty about estimates for several of the vari-
ables. However, we conducted sensitivity analyses that explore

Figure 1 Using point estimates,
point-of-care (POC) is more
cost-effective than nucleic acid
amplification testing when the three
parameters examined (POC test cost,
POC sensitivity, percentage of women
willing to wait for the test result) fall in
the dark grey region. The dashed lines
show the base case for sensitivity
(92.9%) and 40 min waiting time
(47.5% of women waited).

Figure 2 Acceptability curve comparing the cost-effectiveness of
point-of-care versus nucleic acid amplification testing based on a
Monte Carlo simulation (10 000 iterations). PID, Pelvic Inflammatory
Disease.
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high and low values for such parameters, as well as PSAs,
which will assist clinicians and policymakers in determining
whether POC or NAAT would be best in their setting. Third,
we did not consider transmission effects to sexual partners
because most of the costs and morbidity of untreated chla-
mydia infection are borne by women. Last, our data may not
be generalisable to other clinical settings.

Despite these limitations, our data show that if new POC
tests have good sensitivity, a short processing time, and are
priced competitively, they are likely to prevent more PID while
saving money, compared with NAAT. Our results are consistent
with a previous decision analysis that supported the use of
moderate-sensitivity POC tests for chlamydia in scenarios
where a high proportion of women are not expected to return
for treatment.2 Gift et al concluded that the rapid test
(ie, POC) would treat more infected cases than NAAT if the
treatment return rate was <65%.2

With adequate funding, treatment rates augmented by DIS can
be quite high, as demonstrated by our finding that 93.7% of
women with NAAT-detected chlamydia infections received treat-
ment. In our model, we accounted for the DIS labour cost needed
to achieve such a high treatment rate. If, however, economic pres-
sures lead to decreased DIS funding, then fewer NAAT-screened
women will be treated, and the proportion of women willing to
wait for a POC test result will have an even stronger influence on
the comparative effectiveness of POC over NAAT.

In our base case, the promising POC test required a 40 min
processing time. Very little data exist on how long patients are
willing to wait in clinic to receive a POC test result. Our
survey indicated that 47.5% of women would be willing to
wait 40 min. Gift et al used 90% as the point estimate for
women willing to wait for BioStar Chlamydia OIA test results,
although they did not specify how long the wait was.2

Mahilum-Tapay et al reported that 93.1% of respondents were
willing to wait for 30 min (75.0% for 0.5–2 h; 10.9% for >2 h;
7.2% for >1 day) for their results.29 If future refinements in
POC tests lead to shorter processing times without a decrease
in sensitivity, use of POC will prevent even more PID and
become even more cost-effective.

CONCLUSIONS
Our model demonstrates that a promising new vaginal swab
POC test is likely to be cost-effective compared with a trad-
itional NAAT strategy in the typical STD clinical setting. With
additional refinements in future POC tests, the public health
benefit of this cost-effective POC strategy could be even greater.
More research will be required to determine the true impact of
improved POC tests on the chlamydia epidemic. POC test sensi-
tivity, cost and proportion of women willing to wait for the
POC test result at their index visit will be key factors.

Key messages

▸ The potential clinical and economic implications of a promising
new point-of-care (POC) chlamydia test were compared with a
traditional nucleic acid amplification test (NAAT).

▸ Vaginal swab POC tests are likely to be cost-effective
compared with traditional NAAT screening in the typical
sexually transmitted disease clinic setting.

▸ The POC test sensitivity, cost and proportion of women
willing to wait for the POC test result are key factors in
evaluating comparative effectiveness.
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