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ABSTRACT
Objectives: The enhanced sensitivity of nucleic acid
amplification tests (NAAT) provides an opportunity for
estimating the prevalence of untreated Chlamydia
trachomatis infections. The transmissibility and public
health significance of some NAAT-identified infections
are, however, not known.
Methods: Adults attending an urban emergency department provided specimens for C trachomatis screening
using NAAT. Participants testing positive were offered
follow-up including re-testing for C trachomatis using
NAAT and traditional methods, eg culture and direct
fluorescent antibody, and were treated. Partners were
offered identical evaluation and treatment. Overall, 90 C
trachomatis-positive participants had one or more sexual
partners enrolled.
Results: Evidence of transmission, as defined by infection
concordance between partnerships, was observed among
75% of partners of index cases testing positive by both
NAAT and traditional assay but only 45% of partners of
index cases testing positive by NAAT only (prevalence
ratio 1.7, 95% CI 1.1 to 2.5). Among index participants
returning for follow-up, 17% had no evidence of C
trachomatis infection by NAAT or traditional assay
(median follow-up three weeks).
Conclusions: A substantial proportion of positive NAAT
results for chlamydial infection may be of lower
transmissibility and may not persist after a short followup. The long-term health effects of some positive NAAT
are uncertain.

Unrecognised Chlamydia trachomatis infection is
common among US young adults.1–3 Estimates of
the prevalence of C trachomatis have been facilitated by the development of non-invasive nucleic
acid amplification tests (NAAT). NAAT provide
substantial improvements in test sensitivity while
retaining the high specificity of traditional methods.4 The use of NAAT, compared with culture,
increases the yield of infections detected by 20–
40%.5
Although the enhanced sensitivity of NAAT is
well recognised, the significance and transmissibility of the additional infections detected by
NAAT are unknown. It is possible that NAAT is
detecting clinically inconsequential infections
involving low levels of viable organisms, or perhaps
amplifiable residual DNA from a recently controlled infection.
We conducted a cross-sectional study with
recruitment of sexual partners to examine the
potential transmissibility of chlamydial infections
identified by NAAT but not by traditional assay.
We tested the hypothesis that chlamydial infections
Sex Transm Infect 2008;84:23–28. doi:10.1136/sti.2007.027029

that are detectable only by NAAT are less transmissible, as evidenced by infection concordance within
partnerships, than infections that are also detectable
by traditional methods. As a secondary aim, we
examined the persistence of NAAT-positive infections among participants after a short follow-up.

METHODS
Between November 2002 and February 2005,
trained interviewers approached adult patients
attending the Johns Hopkins Hospital Emergency
Department to assess eligibility for C trachomatis
screening, eg age between 18 and 35 years, English
speaking, and sexually active in the past 90 days.
Eligible adults who consented to screening also
completed a brief audio computer-assisted self interview about recent sexual and health behaviours.6
Participants screened in the emergency department
after March 2003 received a US$10 food coupon.
We obtained contact information from all index
participants undergoing C trachomatis screening in
the emergency department to facilitate the followup of positive test results by trained research
disease intervention specialists. Disease intervention specialists offered follow-up examination to
detect clinical evidence consistent with chlamydial
infection, additional C trachomatis testing (NAAT
and traditional assay), and treatment at the Johns
Hopkins Hospital General Clinical Research Center
(GCRC). Disease intervention specialists also contacted up to five named sexual partners within the
past 60 days and offered evaluation and treatment
procedures identical to those provided to index
participants. Index participants and partners presenting to the GCRC for follow-up completed a
detailed behavioural audio computer-assisted self
interview and received US$50–200 in compensation for their time and travel costs. Partners not
attending the GCRC were offered the option of a
home visit to complete the questionnaire and to
collect a specimen for NAAT.
The Research Triangle Institute, University of
North Carolina, and Western (for the Johns Hopkins
University School of Medicine) Institutional Review
Boards approved all study procedures. Study participants with positive test results for chlamydial
infection were reported to the Baltimore City
Health Department.

Specimen collection and laboratory testing
NAAT for C trachomatis
US Food and Drug Administration-approved NAAT
were performed according to the manufacturers’
instructions at the University of North Carolina.
23
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Initially, urine specimens were tested using a ligase chain reaction
(LCR) assay (Abbott Laboratories, North Chicago, Illinois, USA).
After the LCR was withdrawn from the market in 2003, male
urine specimens and female vaginal swabs were tested using the
COBAS Amplicor PCR assay (Roche Diagnostic Systems,
Indianapolis, Indiana, USA).7 8 Positive NAAT results were
confirmed by repeating the assay. Infection with C trachomatis as
detected by NAAT (N+) was defined as a repeatedly positive test
on the same specimen.
At follow-up, NAAT were performed on urine (men
throughout the study and women initially), urethral swabs
(men), endocervical swabs (women), and self-administered
vaginal swabs. Each index thus received three NAAT: one upon
initial recruitment in the emergency department and two repeat
tests on follow-up. Sexual partners received two NAAT during
their GCRC visit.

Traditional assay for C trachomatis
Traditional testing was performed at GCRC follow-up using
culture and direct fluorescent antibody (DFA) from urethral and
endocervical specimens. Specimens were stored at 280uC until
testing by the International STD Research Laboratory, Johns
Hopkins University. Culture was performed in McCoy cells.
Culture-negative specimens were tested using DFA of the
sediment from the centrifuged culture transport media; a slide
was considered DFA positive if three or more elementary bodies
were present. Culture-positive specimens and DFA-positive/
culture-negative specimens were considered positive for C
trachomatis by traditional assay (T+). Specimens that tested
culture and DFA negative were considered traditional assay
negative (T2).

Statistical analyses and outcomes
Chi-square and t-tests were used to compare characteristics of
NAAT-positive index participants who did and did not present
for follow-up.
We assessed the concordance of infection between sexual
partners as a surrogate for the transmissibility of NAATidentified infections, restricted to partnerships in which both
NAAT and traditional test results were available. We defined
concordance as either a positive NAAT (N+) or traditional assay
(T+) result for C trachomatis among partners of C trachomatispositive index participants. All index participants were considered NAAT positive on the basis of their emergency
department test result.
Our primary hypothesis was that chlamydial infections
detectable by NAAT but not by traditional assay (N+T2) in
the index participants would be less transmissible to sexual
partners than infections that were also detectable by traditional
assay (N+T+). Non-concordance was considered as evidence of
lower transmissibility. We tested this hypothesis by examining
prevalence ratios with 95% CI that compared the proportion of
partnerships with concordant C trachomatis infections (N+ and/
or T+) between index participants who tested N+T2 and those
who tested N+T+.
We also examined characteristics of index participants and
their partners that may be associated with infection concordance. For all partnership analyses, we used generalised
estimating equations with a log link and binomial error
distribution to estimate prevalence ratios for concordance.
Generalised estimating equations account for within-group
correlation, such as that that exists between multiple partners
of the same index participant.9
24

As a secondary aim, we examined the persistence of NAATidentified chlamydial infections at follow-up among individuals
with positive NAAT in the emergency department. Factors
potentially influencing persistence were examined in binomial
regression analyses. In addition, we examined the association
between the persistence and concordance of infection within
partnerships. All statistical analyses were conducted using Stata
version 8 (Stata Corp., College Station, Texas, USA).

RESULTS
Study recruitment: C trachomatis screening and follow-up
Over a 27-month period, 21 trained interviewers identified 6952
eligible adults attending the emergency department (fig 1); 6094
(87.7%) consented to screening. The prevalence of chlamydial
infection was 7.0% in emergency department participants. The
prevalence of C trachomatis in male urine specimens (7%) was
comparable as determined by LCR and PCR (8.4% versus 6.6%,
p.0.10). Among female urine specimens tested by LCR
(November 2002 to August 2003), 6.8% were C trachomatis
positive; 7.3% of female swab specimens tested positive by PCR
(p.0.10).
Of the 419 index participants who tested NAAT positive, 81
(19.3%) received antibiotic treatment during their emergency
department visit. Of the remaining 338, 166 (49%) participated
in follow-up. The mean number of disease intervention
specialist contacts was two (range one to 10) and the average
number of days between emergency department testing and
follow-up was 21.5 (range eight to 46 days). Participants at
follow-up were slightly younger (mean age 22.5 versus 23.5 years;
p = 0.04) and more were women (62% versus 50.6%, p = 0.03)
compared with those who did not participate (table 1).
Most index participants (87%) named one or more recent
sexual partners at follow-up; 13% refused to provide partner
information. Of 175 partners identified, 152 (86.9%) were
contacted successfully by disease intervention specialists and
102 (58.3%) attended follow-up. Nearly half (48%) of the
partnerships presented for follow-up together.

Partner concordance of C trachomatis infections
Our concordance analyses are limited to the 83 heterosexual
couples (72 index participants with one partner, four indexes
with two partners, and one index with three partners) for
whom both NAAT and traditional assay results were available.
We excluded 17 partnerships because of missing results, inadequate specimen collection, transcription error, or multiple enrollment of a positive index subject. Two exclusively male partnerships were omitted as we did not collect anal or throat specimens.
Evidence of infection transmission, as defined by concordance
within partnerships, was more common among index cases
testing positive by both NAAT and traditional assay (N+T+)
than among index cases testing positive by NAAT alone
(N+T2; table 2). Evidence of transmission was observed in 39
of 52 partners (75%) of N+T+ index cases, but only 14 of 31
partners (45%) of N+T2 index cases (prevalence ratio 1.7, 95%
CI 1.1 to 2.5).
The relationship between index test result (N+T2 or N+T+)
and partner concordance did not vary by gender. Among the
male partners of N+T+ female indexes, 82% were concordant
for C trachomatis, compared with 46% of male partners of
N+T2 women. Similarly, 70% of female partners of N+T+
index men were concordant, in comparison with 43% of female
partners of men testing positive by NAAT only. There was no
difference by index’s or partner’s age, the number of new
Sex Transm Infect 2008;84:23–28. doi:10.1136/sti.2007.027029
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partners in the past three months, a history of chlamydial
infection, a history of any sexually transmitted infection,
antibiotic use before the follow-up visit, or time to index
follow-up. Adjusting for the timing of the partner visit,
however, reduced the prevalence ratio to 1.5 (95% CI 1.03 to
2.2). Partners presenting at the same time as the index
participant were more likely to test concordant than partners
presenting after the index visit.
Limiting traditional test results to culture only decreased our
overall estimate of concordance from 64% to 54% (prevalence
ratio 1.4, 95% CI 0.93 to 2.0). Differences in the type of NAAT
(LCR versus PCR) or specimen type (female urine versus vaginal
swab) could also influence our transmission estimates.
Although all women screened in the emergency department
provided vaginal swabs for C trachomatis testing using PCR,
initially women also provided urine specimens for LCR testing.
When the LCR was withdrawn in 2003, male urine samples and
female swabs were tested using PCR. Restricting our concordance analysis to include only female indexes with positive
swab results (n = 81 couples, prevalence ratio 1.7, 95% CI 1.1
to 2.5) or male and female index subjects with positive PCR
results alone (n = 75 couples, prevalence ratio 1.7, 95% CI 1.2
to 2.5) had no effect on our transmission estimates.

Non-persistence of NAAT-positive results

Figure 1 Subject participation in screening and follow-up, November
2002 to February 2005. *Patients attending the emergency department
(ED) were eligible for C trachomatis (CT) screening if they were between
18 and 35 years of age, English-speaking, sexually active in the past
three months, and a non-Hopkins employee or student. For the first five
months of data collection, respondents reporting antibiotic use within the
past three months were excluded. Patients were also ineligible if they
were critically ill or unable to participate as a result of a physical
condition or cognitive impairment, or they had been previously enrolled in
the study and tested positive for C trachomatis. {A total of 700
individuals did not consent, 82 completed the audio computer-assisted
self interview only, 57 individuals were released from the emergency
department before completing the study, and 19 patients enrolled twice.
{
Subject consented and provided urine or self-administered swab
specimen for sexually transmitted infection testing using the nucleic acid
amplification test (NAAT). 1As determined by repeatedly positive NAAT
on the same specimen. Initially male and female urine specimens were
tested using ligase chain reaction (LCR) assay. After August 2003, male
urine and female self-administered vaginal swabs were tested using the
COBAS Amplicor assay. This change was necessitated by the specimen
requirements of the Roche Amplicor assay, which was used after Abbott
Laboratories discontinued the LCR. "C trachomatis-positive index
subjects who received antibiotic therapy during their emergency
department visit were not re-contacted for follow-up. **Forty subjects
provided insufficient locating information, 44 received healthcare
elsewhere, 40 received treatment only at the Johns Hopkins Hospital
General Clinical Research Center (GCRC), 16 did not show for their
scheduled GCRC appointment, and 22 either refused treatment, were
incarcerated, a non-resident of Baltimore, or in substance abuse
rehabilitation. {{After enrollment IDs were switched on two index
Sex Transm Infect 2008;84:23–28. doi:10.1136/sti.2007.027029

Index participants were screened initially in the emergency
department and re-evaluated at follow-up, thus it is possible to
examine the short-term persistence of NAAT-identified C
trachomatis. Among participants who had not received antibiotic
therapy during the emergency department visit and who had
both NAAT and traditional assay results available for follow-up
(n = 163; three participants had missing traditional assay
results), 27 (17%) individuals had no evidence of C trachomatis
infection by NAAT or culture/DFA. Nine (5%) individuals were
NAAT negative, but positive by culture/DFA. The remaining
127 (78%) participants were NAAT positive (table 3).
In bivariable analyses, women were significantly more likely
than men to test negative for C trachomatis after a short follow-up
(23% versus 6%, risk ratio 3.6, 95% CI 1.3 to 9.9) as were
individuals who had used antibiotics in the three months before
their emergency department visit (32% versus 12%, risk ratio 2.6,
95% CI 1.2 to 5.5). In multivariable analyses, only gender remained
significantly associated with the persistence of NAAT-positive
results.

Non-persistence and partner concordance
We also examined the association between the persistence of
NAAT-positive results and partnership concordance. Within the
83 partnerships, only one partner of nine (11%) index
participants without evidence of C trachomatis infection at
follow-up tested positive. In contrast, 52 partners of 74 (70%)
index participants with evidence of C trachomatis infection at
subjects’ specimens, two indexes were actually partners of two
previously enrolled C trachomatis-positive index subjects, and one
subject did not have complete NAAT and traditional assay results.
{{
Seventeen partners were treated elsewhere, 20 were out of jurisdiction
or not located, eight refused treatment, and five received treatment and
an examination only at the GCRC. 11Two partners were enrolled at home
and provided specimens for NAAT only. An additional 14 partnerships
were missing complete NAAT and traditional assay results, one partner
was enrolled six months after the index, and specimen IDs were
mislabelled during collection for two partnerships.
25
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Table 1 Characteristics of index subjects positive for C trachomatis who did and did not participate in follow-up
C trachomatis-positive index
did not participate in follow-up
(N = 172)* N (%)

C trachomatis-positive index
participated in follow-up
(N = 166)* N (%)

Characteristic
Demographics
Age, in years, mean (SD)
Women
African American
Never married
Completed less than high school
Health behaviours
Previous C trachomatis or gonorrhoea infection
Dysuria and/or discharge past 3 months
Antibiotic use past 3 months
Condom use, past 5 sexual acts, mean (SD)
Illicit drug use past 30 days
Sexual behaviours
2+ Partners past 3 months
New partner past 3 months
Age of most recent partner, mean (SD)
Only heterosexual partners past 2 years

23.5 (4.7)
(51%)
(88%)
(89%)
(40%)

0.04
0.03
0.26
0.82
0.98

57 (38%)
48 (32%)
25 (17%)
2.1 (2.0)
79 (53%)

61 (40%)
38 (25%)
29 (19%)
2.1 (2.0)
86 (57%)

0.67
0.20
0.58
0.50
0.54

49 (33%)
55 (37%)
24.2 (5.7)
131 (90%)

62 (41%)
58 (40%)
25.4 (7.7)
130 (90%)

0.15
0.72
0.12
0.89

103
137
132
60

22.5 (4.2)
(62%)
(91%)
(88%)
(40%)

p{

87
132
135
61

*11% of index patients did not complete emergency department interview.
{Estimate for difference in measured characteristic between C trachomatis-positive index subjects who did and did not participate in follow-up, based on chi-square and t-tests for
categorical and continuous outcomes, respectively.

follow-up tested positive (prevalence ratio 6.3; 95% CI 0.98 to
40.8).

DISCUSSION
NAAT provides enhanced sensitivity to detect chlamydial
infection. Understanding the clinical and public health implications of the additional infections identified by NAAT is critical
for the appropriate use of these tests. Using concordance as an
estimate of transmission, we observed that individuals who
were positive by NAAT, but not by traditional assay, were
significantly less likely than individuals who were positive by
both NAAT and traditional assay to have a concordantly
infected sexual partner. Nonetheless, partner concordance
among individuals with infections detected only by NAAT
was moderate (45%). In addition, a substantial proportion of
individuals (17–22%) who screened positive by NAAT for C
trachomatis in the emergency department setting had no
evidence of chlamydial infection after a short follow-up period
(median three weeks).

A likely explanation for the diminished partner concordance
among infections detectable only by NAAT is reduced organism
burden. The enhanced sensitivity of NAAT increases the
likelihood of detecting infections with relatively few organisms.
Alternatively, NAAT may detect the ‘‘passive presence’’ of the
organism after exposure, without a true, established infection.
Consequently, individuals with infections detectable only by
NAAT may be inherently less likely to transmit C trachomatis to
their partners.
We observed a surprisingly high incidence of infection
clearance, especially among women.10 This observation, coupled
with our findings regarding reduced concordance among
partners of index participants whose follow-up NAAT was
negative, suggests that at least some NAAT infections may be
cleared relatively rapidly, perhaps through antibiotic exposure
or natural immune response,11 12 and not transmitted. We
observed that many individuals without detectable infection at
follow-up had been treated with antibiotics in the three months
preceding their initial screening, suggesting that NAAT may

Table 2 Estimate of transmission, as defined by partner concordance, C trachomatis
Index
Partner
Concordant
N+T+
N+T2
N2T+
Total
Discordant
N2T2

N+T+ (N = 52)

N+T2 (N = 31)

Total (N = 83)

18 (35%)
7 (13%)
14 (27%)
39 (75%)

5 (16%)
5 (16%)
4 (13%)
14 (45%)

23
12
18
53

13 (25%)
17 (55%)
Prevalence ratio 1.70 (95% CI 1.1 to 2.5)

(28%)
(14%)
(22%)
(64%)

30 (36%)

N+, Nucleic acid amplification test (NAAT) positive; T+, traditional assay positive; T2, traditional assay negative.
Concordant defined as NAAT and/or traditional assay positive for C trachomatis.
Disconcordant defined as NAAT and traditional assay negative for C trachomatis.
Tabulations include all partnerships with valid NAAT and traditional assay results: 72 index subjects with one partner, four indexes
with two partners, and one index with three partners. Fourteen index subjects with N2 results at follow-up (five N2T+ and nine
N2T2) are considered N+ (based on their emergency department test result).
Prevalence ratio and 95% CI represent the outcome of partner status of concordant versus discordant by index status and were
estimated from a generalised estimating equation logistic model that accounts for a lack of independence among index patients
with multiple partners.
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Table 3 Results of testing for C trachomatis at follow-up among NAAT-positive index participants
NAAT-positive index participants

Follow-up test result
N2T2
N2T+
N+T+
N+T2
Total

Total

Men

Women

27 (17%)
9 (5%)
83 (51%)
44 (27%)
163
Fisher’s exact p = 0.03

4 (6%)
3 (5%)
36 (57%)
20 (32%)
63

23 (23%)
6 (6%)
47 (47%)
24 (24%)
100

N+, Nucleic acid amplification test (NAAT) positive; T+, traditional assay positive; N2, NAAT negative; T2, traditional assay
negative.
Fisher’s exact for test of association between gender and follow-up test result.

have detected residual DNA, rather than viable organisms, at
the initial screening evaluation.13 A proportion of the results
could be false positives, although we re-tested all initial positive
results to reduce this possibility. Sampling variability associated
with the repeated testing of low-level infections is another
possibility, but appears less likely because of the multiple
specimens taken at follow-up.14 The likelihood of each of these
possibilities is worthy of further clinical investigation.
The widespread application of NAAT has ‘‘resulted in
considerable revision of our views of the clinical epidemiology
of C trachomatis’’.15 16 Only recently, however, have we begun to
question the significance of some additional infections identified
by NAAT.17 In this study, we examined partner concordance as
a marker of the clinical significance of NAAT-identified
infections. Further study of the association between asymptomatic NAAT-identified chlamydial infections and other clinical
consequences, eg the incidence of pelvic inflammatory disease,
or inflammation, is needed.
Few studies have examined infection transmission within
partnerships.18 We chose a non-sexually transmitted infection
clinic population as we were interested in understanding the
transmissibility of largely asymptomatic, unrecognised C
trachomatis infections. Consequently, we screened over 6000
individuals. In this cross-sectional sample, the timing of the
prevalent infection in the index and the direction of transmission between index and partner could not be established.
Generalisation of our findings may be constrained by our
sample selection and by incomplete recruitment, although index
participants had a similar risk profile to individuals who did not
participate.
The advent of NAAT screening has expanded opportunities
for prevention of the serious consequences of untreated C
trachomatis infection. Although we strongly believe that
individuals with a positive NAAT should be informed and

Key messages
c

c

c

Although the enhanced sensitivity of NAAT is well recognised,
the significance and transmissibility of the additional infections
detected by NAAT are unknown.
A substantial proportion of positive NAAT results for
chlamydial infection may be of lower transmissibility and may
not persist after a short follow-up.
Guidelines for testing, patient counselling and management
should be formulated so that doctors, patients, and
researchers are aware of the advantages of NAAT as well as
its limitations.

Sex Transm Infect 2008;84:23–28. doi:10.1136/sti.2007.027029

treated, our study demonstrates that some NAAT-detected
infections may not represent clinically active disease or
transmissible infections. Failure to diagnose a chlamydial
infection can negatively affect health, although incorrectly
identifying individuals as infected can damage relationships.
Patients, especially those with low-risk profiles or those
screened from low C trachomatis prevalence populations,16
should be counselled about their test result accordingly.
Guidelines for testing, patient counselling and management
should be formulated so that users of this remarkable and
powerful tool—doctors, patients, and researchers—are aware of
the advantages of NAAT and also its limitations.
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Summary

34

Background Nucleic acid amplification tests (NAATs) offer new opportunities for

35

estimating the prevalence of untreated Chlamydia trachomatis infections (Ct), providing

36

substantial improvements in test sensitivity while maintaining the high specificity of

37

traditional testing methods. However, the transmissibility and public health significance

38

of some NAAT-identified infections are not known. We conducted a cross-sectional and

39

short-duration prospective cohort study with follow-up of participants with NAAT-

40

identified chlamydial infection and their sexual partners to examine the potential

41

transmissibility and short-term persistence of NAAT-identified chlamydial infections.

42

Methods 6,094 adults aged 18 to 35 years attending an urban Emergency Department

43

(ED) from November 2002 through February 2005 provided specimens for Ct screening

44

using NAATs. Unrecognized Ct infections were identified in seven percent of ED

45

participants using NAAT. Participants testing positive were offered follow-up including

46

re-testing for Ct using NAAT and traditional methods, e.g. culture and direct fluorescent

47

antibody, and treated. Partners were offered identical evaluation and treatment

48

services. Overall, 90 Ct-positive participants had one or more sexual partners enrolled.

49

Results Evidence of transmission, as defined by concordance of infection between

50

sexual partners, was observed among 75% of partners of index cases testing positive by

51

both NAAT and traditional assay (N+T+) but only 45% of partners of index cases testing

52

positive by NAAT only (N+T-) (prevalence ratio 1.7, 95% CI 1.1, 2.5). Among index

53

participants returning for follow-up who had not received antibiotic therapy during the ED

54

visit, 17% had no evidence of Ct infection by NAAT or traditional assay (median follow-

55

up = 3 weeks).

56

Interpretation A substantial proportion of positive NAAT results for chlamydial infection

57

may be of lower transmissibility and may not persist after a short follow-up. The public

58

health significance and long-term health effects of some positive NAATs are uncertain.
3

59
60

Introduction

61

Unrecognized and untreated C. trachomatis infection is common among young adults in

62

the United States. Nationwide, 4.7% of women and 3.7% of men aged 18 to 26 years

63

were estimated to have an untreated chlamydial (Ct) infection in 2001-2002.1 Among

64

adults aged 18 to 35 years in Baltimore, MD, untreated chlamydial infections were

65

detected in 6.4% of African American females; the majority of infections were

66

asymptomatic. 2 Given the significant potential morbidity associated with chlamydial

67

infection, including pelvic inflammatory disease and its consequences, controlling and

68

preventing undiagnosed C. trachomatis is a major public health concern. 3

69
70

Estimates of the prevalence of C. trachomatis at the population level have been

71

facilitated by the development of non-invasive nucleic acid amplification tests (NAATs)

72

that can use urine specimens or self-collected vaginal swabs. NAAT provides

73

substantial improvements in test sensitivity while retaining the high specificity of

74

traditional methods such as culture. The enhanced sensitivity of NAAT is due to an

75

extremely low limit of detection, with the potential to detect DNA (or RNA) of

76

approximately 10 organisms per milliliter of sample. 4 In contrast to culture, NAAT does

77

not require viable organisms. Given the high sensitivity and low limit of detection, the use

78

of NAAT, as compared to culture, increases the yield of infections detected by 20 to 40

79

percent. 5

80
81

Although the enhanced sensitivity of NAAT is well-recognized, the significance and

82

transmissibility of the additional infections detected by NAAT are unknown. If the

83

additional infections detected by NAAT are as transmissible as infections detected using

84

traditional methods, such as culture or DFA of culture transport media, the findings from
4

85

population studies call for new public health strategies to reduce infection rates. On the

86

other hand, it is possible that NAAT is detecting clinically inconsequential infections

87

involving extremely low levels of viable organisms, or perhaps amplifiable residual DNA

88

from a recently treated or controlled infection. In a previous population-based study, we

89

observed that many persons with NAAT-identified infection had few behavioral risk

90

factors and most were asymptomatic. 6 This raises the possibility that certain NAAT

91

infections may be of long duration and, presumably, low organism burden. Given the

92

extensive use of NAAT for the detection and diagnosis of chlamydial infection, a better

93

understanding of the clinical and public health significance of the additional infections

94

detected by NAAT is needed.

95
96

We conducted a cross-sectional study of adults attending an urban Emergency

97

Department and offered NAAT screening for chlamydial infection. We conducted follow-

98

up of participants with untreated chlamydial infection and recruitment of their sexual

99

partners to explore the potential transmissibility of NAAT-identified infections. We

100

tested the hypothesis that chlamydial infections that are detectable only by NAAT are

101

less transmissible, as evidenced by infection concordance within partnerships, than

102

infections that also are detectable by traditional methods. In addition, a short-duration

103

prospective cohort study examined persistence of chlamydial infections among the

104

NAAT-positive participants who did and did not re-test Ct-positive (by NAAT and/or

105

traditional assay) when returning for follow-up treatment.

106
107

Methods

108

Study Population

109

Between November 2002 and February 2005, trained interviewers approached adult

110

patients attending the Johns Hopkins Hospital Emergency Department (JHH-ED) in
5

111

Baltimore, MD, USA, to assess eligibility for the study. We selected an ED population,

112

rather than a sexually transmitted infection (STI) clinic population, because our focus

113

was on largely asymptomatic and untreated NAAT-identified infections. Patients were

114

eligible for Ct screening if they were between 18 and 35 years of age, English-speaking,

115

and sexually active in the past 90 days. Employees and students of Johns Hopkins, and

116

patients who were critically ill (level-1 acute trauma patients), intoxicated, or presenting

117

for acute psychiatric or STI-related care were excluded. Initially, patients were not

118

eligible if they had used antibiotics within the past 30 days, but in April 2003 this

119

exclusion criterion was discontinued to enhance enrollment. Index participants enrolled

120

after March 2003 received a $10 food coupon for their participation.

121
122

We obtained contact information from all participants undergoing C. trachomatis testing

123

to facilitate notification and follow-up of positive test results by trained research Disease

124

Intervention Specialists (DIS). The DIS informed participants who did not receive

125

antibiotics during their ED visit of their positive result and offered follow-up examination,

126

additional Ct testing (NAAT and traditional assay), and treatment at the JHH General

127

Clinical Research Center (GCRC). Positive participants also were informed that they

128

could seek care from their private physician or the local health department.

129
130

After providing written informed consent, Ct-positive participants presenting to the GCRC

131

were asked to provide names of up to 5 sexual partners in the last 90 days. DIS

132

contacted named partners and offered evaluation and treatment procedures identical to

133

those provided to index participants. Index participants and partners were offered $50-

134

200 in compensation for their time and travel costs. Participants who presented to the

135

GCRC but did not wish to complete the study were provided a free medical examination

136

and treatment.
6

137
138

The Research Triangle Institute, University of North Carolina, and Western (for The

139

Johns Hopkins University School of Medicine) Institutional Review Boards approved all

140

study procedures and modifications to the original protocol. Study participants with

141

positive test results for chlamydial infection were reported to the Baltimore City Health

142

Department.

143
144

Participant Interviews and Examinations

145

Participants in the ED completed a brief, approximately 8 minute, audio computer-

146

assisted self interview (ACASI) about recent sexual and health behaviors.7

147
148

At follow-up, Ct-positive index participants presenting to the GCRC underwent physical

149

examination to detect clinical evidence consistent with chlamydial infection, including

150

visible discharge, genital ulcers, and lower abdominal and testicular tenderness.

151

Detailed self-reports of current and recent sex partners, partner-specific sexual

152

behaviors and STI history, use of antibiotics, STI symptoms, drug and alcohol use were

153

collected using a touch-screen ACASI. The follow-up interview took an average of 23

154

minutes to complete.

155
156

Sexual partners located by DIS staff were offered physical examinations, testing, and

157

treatment identical to index participants and asked to complete the ACASI. Partners

158

who did not attend the GCRC (and had not sought care elsewhere) were offered the

159

option of a home visit by a study DIS to complete the questionnaire and to collect a urine

160

or vaginal swab specimen for Ct testing.

161
162

Specimen Collection and Laboratory Testing
7

163

NAAT for Ct: FDA-approved NAAT was performed according to the manufacturers’

164

instructions at the University of North Carolina at Chapel Hill. In the first nine months of

165

the study during ED screening, male participants provided a urine specimen and females

166

provided urine and self-administered vaginal swab specimens for Ct NAAT; however,

167

after August 2003, women provided only swabs. Initially, male and female urine

168

specimens were tested using a ligase chain reaction (LCR) assay (Abbott Laboratories,

169

North Chicago, Ill). After the LCR was withdrawn from the market in 2003 and the

170

laboratory’s supply of LCR kits was depleted, male urine specimens and female self-

171

collected vaginal swabs swabs were tested using the COBAS Amplicor polymerase

172

chain reaction (PCR) assay (Roche Diagnostic Systems, Indianapolis, IN). Comparisons

173

of the performance characteristics of the NAATs suggest that the assays are similar for

174

the detection of chlamydial infection in urine and vaginal swab specimens. 8 9 Positive

175

NAAT results were confirmed by repeating the assay. Infection for C. trachomatis as

176

detected by NAAT (N+) was defined as a repeatedly positive test.

177
178

At follow-up, index participants with chlamydial infection and their sexual partners

179

provided specimens for multiple NAATs. Repeat NAAT was performed on urine (men

180

throughout the study and women during the initial study period), urethral swabs (men),

181

endocervical swabs (women), and self-administered vaginal swabs. Each index

182

participant thus received three NAATs: one upon initial recruitment in the ED and two

183

repeat tests on follow-up. Sexual partners received two NAATs during their GCRC clinic

184

visit.

185
186

Traditional assay for Ct: Traditional testing for C. trachomatis was performed at follow-

187

up using culture and direct fluorescent antibody (DFA) test from urethral and

188

endocervical specimens in 2-sucrose phosphate culture transport media obtained from
8

189

male and female participants, respectively. Specimens were stored at -80C until testing

190

by the International STD Research Laboratory, Johns Hopkins University. Culture was

191

performed in McCoy cells. Culture-negative specimens were tested using DFA of the

192

sediment from the centrifuged culture transport media; a slide was considered DFA-

193

positive if three or more elementary bodies were present. Culture-positive specimens

194

and DFA-positive/culture-negative specimens were considered positive for Ct by

195

traditional assay (T+). Specimens that were both culture and DFA negative were

196

considered traditional assay negative (T-).

197
198

Ct Genotyping

199

To determine the C. trachomatis serovar for organisms detected by NAAT, we amplified

200

variable portions of the ompA gene encoding the major outer-membrane protein

201

(MOMP) from a subset of NAAT-positive specimens using previously described primers

202

10 11 12

203

compared sequences from clinical samples with ompA sequences of 17 C. trachomatis

204

serovars in the Gen-Bank database 13 and assigned the serovar of the best match to

205

each specimen.

and sequenced the resulting PCR products on an ABI 3730 analyzer. We

206
207
208

Statistical Analyses and Outcomes

209

We used chi-square and t-tests to compare demographic and behavioral characteristics

210

of index participants with Ct-positive NAAT test results who did and did not present for

211

follow-up.

212
213

We assessed concordance of infection between sexual partners as a surrogate for

214

transmissibility of NAAT-identified chlamydial infections. We restricted this analysis to

9

215

partnerships in which both NAAT and traditional test results were available. We defined

216

concordance as either a positive NAAT (N+) or traditional assay (T+) result for C.

217

trachomatis among partners of Ct-positive index participants. All index participants were

218

considered NAAT-positive based on their ED test result.

219
220

Our primary hypothesis was that chlamydial infections detectable by NAAT but not by

221

traditional assay (N+T-) in the index participants would be less transmissible to sexual

222

partners than infections that also were detectable by traditional assay (N+T+). Non-

223

concordance was considered as evidence of lower transmissibility. We tested this

224

hypothesis by examining prevalence ratios with 95% confidence intervals (CIs) that

225

compared the proportion of partnerships with concordant Ct infections (N+ and/or T+)

226

between index participants who tested N+T- and those that tested N+T+.

227
228

We also examined characteristics of index participants and their partners that may be

229

associated with infection concordance. These variables included age, number of recent

230

sexual partners, new partners within the past 90 days, history of chlamydial infection,

231

recent antibiotic use, reporting of symptoms, time to follow-up (days between index

232

screening in the ED and follow-up, days from index follow-up to partner follow-up, and

233

days between index screening and partner follow-up), and specimen type (female urine

234

vs vaginal swab, LCR vs PCR).

235
236

For all partnership analyses, we used generalized estimating equations (GEE) with a log

237

link and binomial error distribution to estimate prevalence ratios for concordance. GEE

238

account for within-group correlation, such as that which exists between multiple partners

239

of the same index participant.14 Additional analyses of partner concordance using only

10

240

single partnerships, e.g., the index and the first enrolled partner, yielded similar results

241

and are not presented.

242
243

As a secondary aim, we examined the persistence of NAAT-identified chlamydial

244

infections at follow-up among persons with positive NAAT in the ED. We defined

245

persistent infection as a positive NAAT in one or both specimens (urine or self-

246

administered vaginal swab and clinician administered endocervical/urethral swab) or a

247

positive traditional test (culture or DFA) at follow-up. Factors potentially influencing

248

persistence of infection, including the number of days from initial screening to follow-up,

249

type of NAAT, respondent's gender, age, and previous diagnosis of chlamydial infection

250

(ever and within the past year) were examined in bivariable and multivariable binomial

251

regression analyses. In addition, we examined the association between persistence and

252

concordance of infection within partnerships. All statistical analyses were conducted

253

using Stata version 8 (Stata Corp., College Station, TX).

254
255

Role of the funding source

256

The US National Institutes of Health did not participate in the design and conduct of the

257

study, in the collection, analysis, and interpretation of the data, or in the preparation,

258

review, or approval of the manuscript. The corresponding author had full access to all of

259

the data in the study and takes responsibility for the integrity of the data and the

260

accuracy of the data analysis.

261
262

Results

263

Study Recruitment: Ct Screening and Follow-up

264

Over a 27-month period, 14,188 adult patients attending the JHH-ED were screened for

265

eligibility by 21 trained interviewers. Screening identified 6,952 English-speaking
11

266

sexually active 18-35 year old adults eligible for participation (Figure 1). Of these, 6,094

267

participants (87.7%) consented to chlamydial screening.

268
269

Overall, the prevalence of chlamydial infection was 7.0% in the ED participants. The

270

prevalence of Ct in male urine specimens (7%) was comparable as determined by LCR

271

and PCR (8.4% v 6.6%, p >0.10). Among female urine specimens tested by LCR

272

between November 2002 through August 2003, 6.8% were Ct positive; 7.3% of female

273

swab specimens collected during September 2003 through February 2005 tested

274

positive by PCR (p >0.10).

275
276

Of the 419 index participants who tested NAAT positive for chlamydial infection during

277

ED screening, 81 (19.3%) received antibiotic treatment during their ED visit and were not

278

eligible for follow-up. Of the remaining 338 eligible index participants, 166 (49%)

279

returned and enrolled in follow-up. Among those enrolled, the mean number of DIS

280

contacts was 2 (range, 1 to 10) and the average number of days between ED testing

281

and follow-up was 21.5 (range, 8 to 46 days). Participants who did and did not enroll in

282

follow-up were similar based on education, race/ethnicity, marital status, previous STI,

283

and recent sexual behaviors (Table 1). In comparison to participants who did not enroll,

284

participants enrolled in follow-up were slightly younger (mean age, 22.5 vs 23.5 years; p

285

= 0.04) and more were female (62% vs 50.6%, p = 0.03).

286
287

Most index participants enrolled at follow-up (87%) named one or more recent sexual

288

partners; 22 (13%) refused to provide partner information. Of the 175 partners identified,

289

152 (86.9%) were contacted successfully by the DIS and 102 (58.3%) were enrolled.

290

One hundred partners were examined and treated; two partners refused evaluation and

291

were interviewed at home. Overall, 90 Ct-positive index participants had one or more
12

292

sexual partners enrolled; 79 index participants had one partner, 10 indexes had two

293

partners, and 1 index had three partners enrolled. Nearly one-half (48%) of the

294

partnerships enrolled in the study presented for follow-up together.

295
296

Partner Concordance of Ct Infections

297

Our analyses of Ct partnerships are limited to the 83 heterosexual couples (72 index

298

participants with one partner, four indexes with two partners, and one index with three

299

partners) for whom both NAAT and traditional assay results were available. We

300

excluded 17 partnerships because of missing NAAT or traditional assay results for the

301

index subject or their partner(s), inadequate specimen collection, transcription error, or

302

multiple enrollment of a positive index subject. In addition, two exclusively male

303

partnerships were omitted from these analyses as we did not collect anal or throat

304

specimens.

305
306

Evidence of transmission of chlamydial infection, as defined by concordance within

307

partnerships, was more common among index cases testing positive by both NAAT and

308

traditional assay (N+T+) than among index cases testing positive by NAAT only (N+T-)

309

(Table 2). Evidence of transmission was observed in 39 of 52 partners (75%) of N+T+

310

index cases, but only 14 of 31 partners (45%) of N+T- index cases (prevalence ratio 1.7,

311

95% CI: 1.1, 2.5).

312
313

The relationship between test result of the index (N+T- or N+T+) and partner

314

concordance did not vary by gender. Among male partners of N+T+ female indexes,

315

82% were concordant for Ct, compared to 46% of male partners of N+T- females.

316

Similarly, 70% of female partners of N+T+ index males were concordant, in comparison

317

to 43% of female partners of males testing positive by NAAT only. There was no
13

318

difference by the index’s or partner’s age, number of new partners in the past 3 months,

319

history of chlamydial infection, history of any STI, or antibiotic use prior to the follow-up

320

visit. Adjusting for time from screening of the index to follow-up visit also had no

321

substantial effect. However, adjusting for the timing of the partner visit reduced the

322

prevalence ratio to 1.5 (95% CI: 1.03, 2.2). Partners presenting at the same time as the

323

index participant were the most likely to test concordant. Partners presenting after the

324

index participants were less likely to demonstrate concordance (1 – 7 days: prevalence

325

ratio 0.62; 95% CI: 0.41, 0.93; > 7 days: prevalence ratio 0.65; 95% CI: 0.39, 1.07;

326

referent = 0 days).

327
328

Limiting traditional test results to culture only decreased our overall estimate of

329

concordance from 64% to 54% (prevalence ratio = 1.4, 95% CI 0.93, 2.0). It is possible

330

that differences in NAAT results by type of NAAT (LCR vs PCR) or specimen type for

331

females (urine vs vaginal swab) could influence our transmission estimates. Although all

332

women screened in the ED provided vaginal swabs for Ct testing using PCR, initially

333

women provided urine specimens, in addition to swabs, for testing by LCR. When the

334

LCR was withdrawn in 2003, male urines and female swabs were tested using PCR.

335

Restricting our concordance analysis to include: 1) only female indexes with positive

336

swab results (n=81 couples, prevalence ratio 1.7, 95% CI 1.1, 2.5) or 2) male and female

337

index subjects with positive PCR results alone (n=75 couples, prevalence ratio 1.7, 95%

338

CI 1.2, 2.5) had no effect on our transmission estimates.

339
340

Non-persistence of NAAT Positive Results

341

Index participants were screened initially in the ED and re-evaluated at follow-up; thus it

342

is possible to examine the short-term persistence of NAAT-identified Ct. Among

343

participants who had not received antibiotic therapy during the ED visit and who had
14

344

both NAAT and traditional assay results available for follow-up (n=163; 3 participants

345

had missing traditional assay results), 27 (17%) persons had no evidence of Ct infection

346

by NAAT or culture/DFA. Nine (5%) persons were NAAT-negative, but positive by

347

culture/DFA; the remaining 127 (78%) participants were NAAT-positive (Table 3).

348
349

In bivariable analyses, women were significantly more likely than men to test negative

350

for Ct after a short follow-up (23% versus 6%, risk ratio 3.6, 95% CI: 1.3, 9.9). Persons

351

who had used antibiotics in the 3 months prior to their visit in the ED were also more

352

likely to test negative at follow-up (32% versus 12%, risk ratio 2.6, 95% CI: 1.2, 5.5).

353

Index participant’s age, previous chlamydial infection, type of NAAT, and time between

354

ED testing and the follow-up visit were not associated with infection status at follow-up.

355

In multivariable analyses, only gender remained significantly associated with persistence

356

of NAAT-positive results.

357
358

Non-persistence and Partner Concordance

359

We also examined the association between persistence of NAAT-positive results and

360

concordance of infection within partnerships. Within the 83 partnerships, only one

361

partner of 9 (11%) index participants without evidence of Ct infection at follow-up tested

362

positive. In contrast, 52 partners of 74 (70%) index participants with evidence of Ct

363

infection at follow-up tested positive for Ct (prevalence ratio 6.3; 95% CI: 0.98, 40.8).

364
365

C. trachomatis typing

366

To determine whether the nucleic acids amplified by NAAT in concordant partnerships

367

represented infection by the same chlamydial strain, we compared C. trachomatis

368

serovars established from the DNA sequences of variable portions of the ompA gene,

369

encoding the major outer-membrane protein amplified in specimens from NAAT-positive
15

370

concordant couples. In 19 of 21 couples with identifiable serovars, chlamydial

371

genotypes matched exactly. Serovar D was the most commonly identified (30%),

372

followed by Ia (25%), F (20%), and E (10%). Serovars J (5%), Ja (5%), and K (5%)

373

each were identified in one couple.

374
375

Discussion

376

NAAT technology provides enhanced sensitivity to detect chlamydial infection and

377

increased opportunities for chlamydial screening compared to traditional testing

378

methods. Understanding the clinical and public health implications of the additional

379

infections identified by NAAT is critical for appropriate use of these tests. Using

380

concordance as an estimate of transmission, we observed that persons who were

381

positive by NAAT, but not by traditional assay, were significantly less likely than persons

382

who were positive by both NAAT and traditional assay to have a concordantly infected

383

sexual partner. Nonetheless, partner concordance among persons with infections

384

detected only by NAAT was moderate (45%). In addition, a substantial proportion of

385

persons (17%-22%) who screened positive by NAAT for Ct in the ED setting had no

386

evidence of chlamydial infection by NAAT and/or traditional assay after a short follow-up

387

period (median = 3 weeks).

388
389

These results suggest that while many C. trachomatis infections detected by NAAT

390

persist and are transmissible within sexual partnerships, the significance of some

391

infections detected by these tests is unclear. This uncertainty derives from the same

392

factors that are responsible for the advantages of the assay – a low limit of detection and

393

the ability to detect DNA without viable organisms.

394
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395

A likely explanation for the diminished partner concordance among infections detectable

396

only by NAAT is reduced organism burden. The enhanced sensitivity of NAAT increases

397

the likelihood of detecting infections with relatively few organisms. Alternatively, NAAT

398

may detect ‘passive presence’ of the organism after exposure, without a true,

399

established infection. Consequently, persons with infections detectable only by NAAT

400

may be inherently less likely to transmit Ct to their partners.

401
402

The probability of transmission is influenced by factors other than organism burden, such

403

as frequency of intercourse and previous exposure. Unfortunately, because of

404

ambiguities in partner specification for participants with multiple partners, we did not

405

have precise quantitative information on the frequency of intercourse within partnerships.

406

In our study, previous self-reported chlamydial infection did not influence the relationship

407

between test result of the index and partner concordance.

408
409

We observed a surprisingly high incidence of infection clearance, especially among

410

women. Our observed clearance rate (7.8 cases per 1000 person-days) is consistent

411

with an estimated average duration of infection of 128 days, considerably shorter than

412

the commonly cited 365 days.15 This observation, coupled with our findings regarding

413

reduced concordance among partners of index participants whose follow-up NAAT was

414

negative, suggests that at least some NAAT-identified infections may be cleared

415

relatively rapidly and not transmitted. Some of these may be infections that are close to

416

being resolved, whether through antibiotic exposure or natural immune response. 16,17

417

We observed that many persons without detectable infection at follow-up had been

418

treated with antibiotics in the 3 months preceding their initial screening, suggesting that

419

NAAT may have detected residual DNA, rather than viable organisms, at the initial

420

screening evaluation 18. A proportion of the screening results could be false positives,
17

421

although we re-tested initial positive results to reduce this possibility. Sampling variability

422

associated with repeated testing of individuals with low-level infections 19 is another

423

possibility, but appears less likely because of the multiple specimens taken at follow-up.

424

The likelikhood of each of these possibilities is not known but is worthy of further clinical

425

investigation.

426
427

Since their widespread introduction more than a decade ago, the use of NAAT has

428

“resulted in considerable revision of our views of the clinical epidemiology of C.

429

trachomatis”. 20 Not only has NAAT suggested an increased prevalence of infection in

430

nearly every population tested, but it has also allowed expansion of screening programs

431

to non-clinical settings, thereby enhancing screening services available to men and to

432

asymptomatic individuals. 21 Only recently, however, have we begun to question the

433

clinical and public health significance of some additional infections identified by NAAT.

434

11,22

435

significance of NAAT-identified infections. Further study of the association between

436

asymptomatic NAAT-identified chlamydial infections and other clinical consequences,

437

e.g., incidence of PID, inflammation, is needed.

In this study, we examined partner concordance as a marker of the clinical

438
439

Very few studies have examined infection transmission within partnerships 23. Not only

440

are such studies logistically and technically challenging, but they are expensive to

441

conduct. Our study design was intended to enhance our understanding of the likelihood

442

of transmission of NAAT-diagnosed infection in a sexual partnership – and to do so with

443

minimal risk to our study subjects. Several alternate study designs were considered by

444

our research team, but ultimately rejected. For ethical reasons, we chose not to test

445

index subjects for chlamydia using traditional assay. Only subjects who tested positive

446

for chlamydia by NAAT and their recent sexual partners had urethral or cervical samples
18

447

obtained for culture during the clinical examination. We chose an Emergency

448

Department population rather than a STI clinic setting as we were interested

449

understanding the clinical consequences of largely asymptomatic and unrecognized Ct

450

infections detectable by NAAT but not by traditional methods. As a result, it was

451

necessary to screen over 6,000 individuals. We used concordance as an estimate of

452

transmission. Because we began with a cross-sectional screening evaluation, the timing

453

of the prevalent infection in the index case was unknown. Consequently, the direction of

454

transmission between index and partner could not be established. Generalization of our

455

findings may be constrained by our sample selection – patients recruited from an urban

456

Emergency Department – and by the incomplete recruitment of index participants and

457

their partners. In general, index participants had a similar risk profile to persons who

458

were not recruited into the study. We were unable to compare characteristics of

459

partners who did and did not enroll; however, it seems unlikely that characteristics on

460

which selection might occur would bias enrollment with respect to traditional test status,

461

the basis for our primary hypothesis.

462
463

The advent of NAAT screening for chlamydial infection has vastly expanded

464

opportunities for prevention of the serious consequences of untreated infection.

465

However, questions remain regarding the clinical and public health consequences of

466

some infections detected by NAAT. The interpretation of a positive NAAT or any other

467

screening method as an ipso facto indicator of disease can have important personal

468

implications. While failure to diagnose a chlamydial infection can negatively affect

469

health, incorrectly identifying individuals as infected can damage relationships. Because

470

many Ct infections identified by NAAT screening are asymptomatic and easily treated,

471

there has been a tendency to presume that a positive result indicates the presence of

472

disease, with the responsibility to inform and provide treatment. While we strongly
19

473

believe that persons with a positive NAAT should be informed and treated, our study

474

demonstrates that some NAAT-detected infections may not represent clinically active

475

disease or transmissible infections. Patients, especially those with low risk profiles or

476

those screened from a low Ct-prevalence population, 21 should be counseled about their

477

test result accordingly. Guidelines for testing, patient counseling and management

478

should be formulated so that users of this remarkable and powerful tool -- physicians,

479

patients, and researchers -- are aware of not only NAAT’s advantages, but also its

480

limitations.
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Figure 1. Subject participation in screening and follow-up, November 2002February 2005
CT Screening of Index Subjects
14,188 ED patients approached

6,952 (49%) eligible for participation a
858 ineligible b
6,094 (87.7%) received NAAT screening c
86 specimens unprocessed
419 (7.0%) CT+ d
81 received antibiotic therapy in
ED e
Follow-up and Evaluation of CT+ Subjects
338 CT+ index subjects contacted for follow-up
172 did not participate f
166 CT+ index subjects participated in follow-up g
Partner Evaluation
175 partners identified

152 partners contacted by Disease Intervention Specialists
50 partners did not participate h
102 partners of CT+ index subjects participated in follow-up
19 partnerships excluded

i

83 partnerships valid NAAT and traditional assay results

Notes:
a
Patients attending the Emergency Department were eligible for Ct screening if they
were between 18 and 35 years of age, English-speaking, sexually active in the past 3
months, and a non-Hopkins employee or student. For the first 5 months of data
collection, respondents reporting antibiotic use within the past 3 months were
excluded. Patients also were ineligible if: they were critically ill or unable to participate
due to a physical condition or cognitive impairment, or they had been previously
enrolled in the study and tested positive for CT.
b
700 subjects did not consent, 82 completed the ACASI only, 57subjects were
released from the ED prior to completing the study, and 19 patients enrolled twice.
c
Subject consented and provided urine or self-administered swab specimen for STI
testing using NAAT.

1

d

As determined by repeatedly positive NAAT on the same specimen. Initially male and
female urine specimens were tested using LCR assay (Abbott Laboratories). After
August 2003, male urine and female self-administered vaginal swabs were tested
using the COBAS Amplicor assay (Roche Diagnostics). This change was necessitated
by the specimen requirements of the Roche Amplicor assay which was used after
Abbott Laboratories discontinued the LCR.
e
Ct+ index subjects who received antibiotic therapy during their ED visit were not recontacted for follow-up.
f
40 subjects provided insufficient locating information, 44 received healthcare
elsewhere, 40 received treatment only at the GCRC, 16 did not show for their
scheduled GCRC appointment, and 22 either refused treatment, were incarcerated, a
non-resident of Baltimore, or in substance abuse rehabilitation.
g
Following enrollment, IDs were switched on 2 index subjects' specimens, 2 indexes
were actually partners of 2 previously enrolled Ct-positive index subjects, and 1 subject
did not have complete NAAT and traditional assay results.
h
17 partners were treated elsewhere, 20 were out of jurisdiction or not located, 8
refused treatment, and 5 received treatment and an examination only at the GCRC.
i
Two partners were enrolled at home and provided specimens for NAAT only. An
additional 14 partnerships were missing complete NAAT and traditional assay results,
1 partner was enrolled 6 months after the index, and specimen IDs were mislabeled
during collection for 2 partnerships.

2

Table 1. Characteristics of index subjects positive for C. trachomatis who did and did not
participate in follow-up
CT+ Index
CT+ Index did
participated in not participate in
Follow-up
Follow-up
(N=166) a
(N=172) a
Characteristic
pb
N
(%)
N
(%)
Demographics
Age, in years (mean ± SD)

22.5±4.2

23.5±4.7

0.04

Female

103

(62%)

87

(51%)

0.03

African American

137

(91%)

132

(88%)

0.26

Never married

132

(88%)

135

(89%)

0.82

Completed less than high school

60

(40%)

61

(40%)

0.98

Prior CT or GC infection

57

(38%)

61

(40%)

0.67

Dysuria and/or discharge past 3 mos

48

(32%)

38

(25%)

0.20

Antibiotic use past 3 mos

25

(17%)

29

(19%)

0.58

Health behaviors

Condom use, past 5 sexual acts (mean ± SD)
Illicit drug use past 30 days

2.1±2.0

2.1±2.0

0.50

79

(53%)

86

(57%)

0.54

2+ partners past 3 mos

49

(33%)

62

(41%)

0.15

New partner past 3 mos

55

(37%)

58

(40%)

0.72

Sexual behaviors

Age of most recent partner (mean ± SD)
Only heterosexual partners past 2 years

24.2±5.7
131

(90%)

25.4±7.7
130

(90%)

0.12
0.89

Notes:
a
11% of index patients did not complete ED interview.
b
Estimate for difference in measured characteristic between CT+ index subjects who did and did
not participate in follow-up, based on chi-square and t-tests for categorical and continuous
outcomes, respectively.
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Table 2. Estimate of transmission, as defined by partner concordance, Chlamydia
trachomatis
Index
N+T+
(N=52)

N+T(N=31)

Total
(N=83)

18 (35%)
7 (13%)
14 (27%)

5 (16%)
5 (16%)
4 (13%)

23 (28%)
12 (14%)
18 (22%)

Total

39 (75%)

14 (45%)

53 (64%)

Discordant
N-T-

13 (25%)

17 (55%)

30 (36%)

Partner
Concordant
N+T+
N+TN-T+

Prevalence ratio: 1.70 (95% CI, 1.1-2.5)
Notes:
N+, NAAT positive; T+, traditional assay positive; T-, traditional assay negative
Concordant defined as NAAT and/or traditional assay positive for C. trachomatis.
Disconcordant defined as NAAT and traditional assay negative for C. trachomatis.
Tabulations include all partnerships with valid NAAT and traditional assay results: 72 index
subjects with 1 partner, 4 indexes with 2 partners, and 1 index with 3 partners. Fourteen
index subjects with N- results at followup (5 N-T+ and 9 N-T-) are considered N+ (based on
their ED test result).
Prevalence ratio and 95% CI represent the outcome of partner status of concordant versus
discordant by index status and were estimated from GEE logistic model that accounts for
lack of independence among index patients with multiple partners.

4

Table 3. Results of testing for C. trachomatis at follow-up among NAAT positive
index participants

Total
Follow-up
test result
N-TN-T+
N+T+
N+TTotal

27 (17%)
9 ( 5%)
83 (51%)
44 (27%)
163

NAAT positive index participants
Male
Female
4 ( 6%)
3 ( 5%)
36 (57%)
20 (32%)
63

23 (23%)
6 ( 6%)
47 (47%)
24 (24%)
100

Fisher’s exact p=0.03
Notes:
N+, NAAT positive; T+ traditional assay positive; N- NAAT negative; T- traditional assay
negative
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