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Abstract

An evaluation of CD4 T cell responses to candidate Chlamydia trachomatis vaccine antigens was 

conducted in an adolescent female cohort exposed through natural infection to explore antigen 

immunogenicity and correlation with protection from reinfection. The frequency of peripheral 

blood CD4 T cell IFN-γ and IL-17 responses to three candidate vaccine antigens, polymorphic 

membrane protein G (PmpG), F (PmpF), and major outer membrane protein (MOMP), were 

determined by ELISPOT; responses to chlamydial heat shock protein 60 (HSP60) and to 

elementary bodies (EB) were included for comparison. Responses of Infected (n = 8), 

Seropositive/Uninfected (n = 13), and Seronegative/Uninfected (n = 18) participants were 

compared. The median CD4 IFN-γ response to EB was significantly increased in Infected (P = 

0.003) and Seropositive/Uninfected (P = 0.002) versus Seronegative/Uninfected female subjects. 

Higher rates of positive IFN-γ responders to EB, PmpF, and MOMP were detected in 

Seropositive/Uninfected versus Seronegative/Uninfected participants (P = 0.021). IL-17 responses 

were generally low. A positive IFN-γ response to any of the antigens tested was associated with a 

trend toward a reduced risk of reinfection, although not statistically significant. Among this 

adolescent cohort, chlamydial-specific CD4 IFN-γ but not IL-17 responses were detected in 

acutely and previously infected participants and a positive CD4 IFN-γ response was associated 

with a non-significant reduced risk of reinfection.
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1. Introduction

Chlamydia trachomatis is the most common bacterial sexually transmitted infection (STI). It 

is estimated that more than four million chlamydial infections occur each year in sexually 

active adolescents and adults in the United States. C. trachomatis cervical infection is 

asymptomatic in 70–90% of cases, but untreated infections can ascend to the upper genital 

tract resulting in pelvic inflammatory disease (PID), and chronic morbidities of pelvic pain, 

ectopic pregnancy, and tubal infertility (Peipert, 2003). Asymptomatic infection and 

inadequate immunity to reinfection in previously exposed individuals are likely responsible 

for its high prevalence.

Extensive animal modeling suggests that partial immunity develops after infection and that 

protection is dependent on the trafficking of Chlamydia-specific CD4 IFN-γ-producing T 

cells (Th1 cells) to the genital tract, with Chlamydia-specific antibodies playing a secondary 

but contributory role (Igietseme and Rank, 1991; Morrison and Morrison, 2005; Morrison et 

al., 2000; Perry et al., 1997; Ramsey and Rank, 1991; Rank et al., 1989). Data from the 

female mouse model of genital infection suggest that repeated infections abbreviated by 

antibiotic administration elicit partial immunity that does not prevent infection, but lowers 

the bacterial burden sufficiently that oviduct damage is avoided (Riley et al., 2012; Su et al., 

2000).

Evidence exists for partial or sterilizing immunity in humans, mediated by analogous 

responses (Arno et al., 1990, 1994; Brunham et al., 1983; Cohen et al., 2005). A study of 

female sex workers identified younger age and fewer years in prostitution as risk factors for 

incident infection. In the same cohort, IFN-γ responses to chlamydial HSP60 but not to EB 

were significantly associated with reduced risk of incident infection (Cohen et al., 2005). 

Development of effective chlamydial vaccines may require the incorporation of multiple 

antigens combined with Th1-inducing adjuvants to elicit a protective CD4 T cell response. 

Immunodominant antigens recognized by mice and humans have been identified as potential 

components (Cong et al., 2007; Crane et al., 2006; Finco et al., 2011;Karunakaran et al., 

2008; Yu et al., 2009, 2012). Chlamydial PmpF and PmpG are immunodominant outer 

membrane antigens that elicit protection in the murine chlamydial genital tract model 

equivalent to or better than vaccination with recombinant MOMP (Yu et al., 2009, 2012), an 

outer membrane structural protein, which makes up to 60% of the total outer membrane 

protein content. MOMP and PmpG are antibody targets, and T cell lines generated from 

multiple Chlamydia-infected human donors recognized these proteins (Coler et al., 2009). 

Although data indicate that CD4 Th1 cells are essential for protective immunity against 

Chlamydia, recent murine studies suggest that IL-17-producing CD4 T cells (Th17 cells) 

might contribute to protection after vaccination (Yu et al., 2010). Cervical mononuclear cells 

and peripheral blood mononuclear cells (PBMCs) from women infected with C. trachomatis 

secrete IL-17 in response to in vitro stimulation with inactivated EBs (Jha et al., 2011). 

Thus, chlamydial-specific Th17 cells induced by natural infection may promote resistance to 

reinfection.

In the Chlamydia Adolescent Response Evaluation (CARE) study, using a sensitive enzyme-

linked immunosorbent spot (ELISPOT) assay, we sought to determine whether or not CD4 
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T cell IFN-γ and IL-17 responses against candidate chlamydial vaccine antigens could be 

detected in the peripheral blood of sexually active adolescent females and whether these 

responses predicted protection from rein-fection.

2. Materials and methods

2.1. Study population

The Institutional Review Board for human subject research at the University of Pittsburgh 

approved the study protocol. We established a cohort of 42 female adolescents at the 

Adolescent Medicine Clinic at the Children’s Hospital of Pittsburgh to investigate CD4 T 

cell responses to C. trachomatis in at-risk teenagers. We recruited subjects randomly from 

among 13- to 21-year-old adolescents presenting for a reproductive health care visit. After 

obtaining informed consent, demographic and clinical data were collected and general 

physical and pelvic examinations were performed. At this initial visit, cervical specimens 

were obtained for PCR detection of C. trachomatis and Neisseria gonorrhoeae (Roche 

AMPLICOR® CT/NG Test), a vaginal swab was collected for wet mount examination, 

serum was obtained for detection of C. trachomatis antibodies and for human 

immunodeficiency virus type I (HIV-1) and syphilis testing. Urine collected for pregnancy 

testing was stored for subsequent chlamydial OmpA typing by PCR. A heparinized blood 

sample was collected for the ELISPOT assay. Incident C. trachomatis infection was 

evaluated at ~6 weeks, 3, 6, and 9 months post-enrollment via urine PCR (Roche 

AMPLICOR® CT/NG Test). Additional demographic and clinical data were collected at 

follow-up visits, but examinations were performed only if indicated by the presence of 

symptoms. Of the 42 subjects, 20 (48%) completed all four follow-up visits, 9 (21%) 

completed three, 6 (14%) completed two, and 7 (17%) were seen at least once at follow-up. 

All subjects who tested positive for chlamydial infection at any visit were treated with 1 g of 

azithromycin administered orally, and other STIs were treated as per Centers for Disease 

Control and Prevention guidelines (Geisler, 2011).

2.2. C. trachomatis antigens

Gradient purified C. trachomatis EBs were inactivated by X-ray irradiation (O’Connell et 

al., 2011). Recombinant chlamydial antigens were generously provided by Dr. Karuna 

Karunakaran. Each antigen (MOMP, PmpG, PmpF, and HSP60) was purified as a His-

tagged fusion protein from Escherichia coli BL21 (Stephens et al., 1998) in either full-

length, MOMP and HSP60, or truncated form, PmpG and PmpF, amino acids 25–512 and 

26–585 respectively.

2.3. OmpA typing

Cells pelleted from urine samples were processed with QuickExtract (Epicenter) to yield a 

template for PCR according to the manufacturer’s specifications. Chlamydial DNA was 

detected using nested primer sets directed against ompA (Bom et al., 2011). Individual PCR 

products obtained were sequenced on both strands and a single consensus sequence 

generated. Serovar assignments were made based on the strongest homology to ompA 

sequences of known serovar present in the GenBank database.

Barral et al. Page 3

J Reprod Immunol. Author manuscript; available in PMC 2015 July 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



2.4. IFN-γ and IL-17 ELISPOT assays

Mononuclear cells were isolated from peripheral blood samples by density gradient 

centrifugation Mononuclear cells were enriched for CD4+ CD8− cells by partial depletion of 

CD8+ cells using anti-CD8+ magnetic microbeads (Miltenyi) following the manufacturer’s 

protocol. Flow cytometry analysis revealed that 70–80% of the mononuclear cells were 

positive for CD3 and αβTCR by flow cytometry, and CD3+ cells were >85% positive for 

CD4 (data not shown). CD4-enriched mononuclear cells were used in human Ready-SET-

Go IFN-γ and IL-17 A ELISPOT assays according to the manufacturer’s instructions 

(eBioscience). Cells (2.5 × 105) were cultured in triplicate in complete medium (RPMI, 10% 

FBS, 2 mM β-mercaptoethanol, 1 mM sodium pyruvate, 1 mM non-essential amino acids) in 

the presence of EB, HSP60, PmpG, PmpF, MOMP (all at the pre-determined optimal 

concentration of 1 µg/mL), or positive control stimulant (concanavalin-A) for 18 h at 37°C. 

Cells cultured in media alone served as negative controls. Spots were enumerated on a S5 

Core Analyzer using ImmunoSpot Version 5.0 (Cellular Technologies Ltd.).

2.5. Serum antibodies to Chlamydia

The MIF serology assay that detects Chlamydia species and C. trachomatis serovar-specific 

IgM and IgG was performed at the University of Washington (Wang and Grayston, 1974). 

Elementary bodies from the 14 major serovars of C. trachomatis, Chlamydia pneumoniae, 

and Chlamydia psittaci 6BC were used individually; titers ≥ 1:16 were considered positive.

2.6. Statistical analyses

Based on chlamydial infection, serum antibody status at enrollment and medical records 

indicating past chlamydial infection (PCR+), subjects were categorized into three groups: 

Active Infection (Group 1; n = 8; 19%); seropositive for antibody to C. trachomatis or 

documented prior infection and currently uninfected, grouped as Seropositive/Uninfected 

(Group 2; n = 14; 33%); currently uninfected, seronegative and no documented prior 

infection, grouped as Seronegative/Uninfected (Group 3; n = 20; 48%). The clinical data on 

39 subjects with available laboratory data were summarized by outcome group as 

frequencies and percentages. Fisher’s exact test was used to assess statistical significance.

ELISPOT data (IFN-γ and IL-17) for each subject were analyzed as follows: the net count 

for each antigen was calculated as the mean of three replicates for a given antigen minus the 

mean expression level of three media replicates. The net count was multiplied by 4 to 

express all results as spot-forming cells (SFC) per million. If the net count was ≥25 SFC/

million and the mean response for antigen was at least three-fold higher than media, then the 

response was designated as positive (Ondondo et al., 2009).

For any given antigen response, the distribution of net counts was compared (across the 

three outcome groups) using a nonparametric Kruskal–Wallis test; Wilcoxon rank-sum tests 

were then conducted to determine which groups were different after a significant Kruskal–

Wallis test. The number of positive antigen responses was also calculated for each subject 

and each antigen; differences in the numbers of positive responses were then compared 

using Fisher’s exact test, and exact binomial tests were then conducted for cases with a 

significant overall Fisher’s exact test. For each of these analyses, nonparametric statistics 
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were utilized since the distributions of net counts were not always reflective of normality. 

For 21 subjects who were either infected at enrollment or who had been previously infected, 

we evaluated whether an IFN-γ response to a single antigen or EB was associated with 

protection from reinfection over a 9-month follow-up period using a mixed logistic 

regression analysis that accounts for multiple follow-ups on the same subject.

3. Results

3.1. Cohort characteristics

Forty-two female subjects were enrolled; clinical data are reported on 39 subjects for whom 

ELISPOT results were available. The mean age of the subjects was 17.3 years; range 13–21 

years. Thirty subjects were black (77%), seven were white (18%) and two were bi-racial 

(5%). At enrollment, seven of the eight actively infected subjects and 11 uninfected subjects 

were seropositive to C. trachomatis (IgG ≥ 1:16 by MIF assay). Two seronegative, 

uninfected subjects had previously documented histories of chlamydial infection (PCR+). 

The remaining 18 subjects were seronegative and their medical records did not report prior 

infection. Twenty of the 42 subjects were seropositive to C. pneumoniae.

At enrollment, six subjects complained of lower abdominal pain and cervical and/or adnexal 

tenderness consistent with PID. Five of these subjects were actively infected with C. 

trachomatis, and the remaining subject was uninfected, Chlamydia seronegative, and 

negative for other STIs. Within the cohort, two subjects were infected with N. gonorrhoeae, 

one in the Active Infection and one in the Seropositive/Uninfected group. Four subjects 

uninfectedat enrollment, two in the Seropositive/Uninfected group and two in the 

Seronegative/Uninfected group, tested positive for C. trachomatis infection in the following 

9 months; none had clinical symptoms. Two subjects, initially positive, also tested positive 

for C. trachomatis of the same serovar, one 6 weeks and one 3 months post-treatment; both 

were asymptomatic. Sequencing of ompA PCR products amplified from subjects’ samples 

indicated that they had been infected with strains corresponding to the following serovars: D 

(3), E (4), F (3), Ia (1), and J (1).

Table 1 compares clinical and behavioral data for 39 participants. Overall, history of prior 

PID differed significantly among the three groups (P = 0.045). In pairwise comparisons, 

women in the Active Infection group were more likely to report a prior history of PID than 

women in the Seropositive/Uninfected group (P = 0.042). Two of the 39 subjects had more 

than one episode of chlamydial infection documented prior to enrollment (one with Active 

Infection and one Seropositive/Uninfected status). No associations between infection and 

condom use (~half of sexual encounters), or exposure to combined hormonal contraceptives 

or depot medroxyprogesterone acetate injections were detected. Of those reporting condom 

use, 9 of the 23 (39%) used it ≤2 times out of 10; and only 3 (13%) used it every time in the 

4 weeks prior to interview.

3.2. Magnitude of ELISPOT responses for IFN-γ and IL-17

Summary statistics are displayed for each antigen and each outcome group to summarize 

differences (Fig. 1A and B; Table 2). For IFN-γ, although antigen-specific responses exhibit 
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substantial overlap between the groups, the Seronegative/Uninfected group’s responses had 

lower median values and reduced interquartile ranges, especially for EB, but also for MOMP 

(Fig. 1A and Table 2).For IL-17, the responses among the groups overlapped, although a 

lower median and interquartile range response was observed for EB in the Seronegative/

Uninfected group (Fig. 1B and Table 2). The magnitude of IL-17 responses was generally 

much lower than for IFN-γ. Negative values reflect the extremely low number of IL-17-

producing cells detected. The only differences among the subject groups that achieved 

statistical significance were for EB (P = 0.001 for IFN-γ and P = 0.02 for IL-17; Table 2). 

For the IFN-γ response to EB, both the Active Infection and the Seropositive/Uninfected 

groups’ responses were significantly higher than that of the Seronegative/Uninfected group 

(P = 0.003 and 0.002 respectively). For IL-17, the Seropositive/Uninfected group’s response 

to EB was significantly higher than that of the Seronegative/Uninfected group (P = 0.003), 

but the other groups were not significantly different. Thus, compared with recombinant 

antigens, whole EBs elicited greater responses in exposed adolescents and were more 

specific, eliciting the lowest responses in Seronegative/Uninfected subjects.

3.3. Rate of positive ELISPOT responses for IFN-γ and IL-17

Comparisons of the rate of positive CD4 T cell IFN-γ and IL-17 antigen-specific responses 

are displayed in Table 3. Significant differences were observed among the subject groups 

between the rates of positive IFN-γ responses to EB, PmpF, and MOMP. The Active 

Infection and Seropositive/Uninfected groups had higher percentages of positive responders 

to EB than the Seronegative/Uninfected group, but the difference was significant only for 

the Seropositive/Uninfected group (P = 0.021). For PmpF and MOMP, significance was 

driven largely by differences between the Seropositive/Uninfected and Seronegative/

Uninfected groups. Over 35% of the Seronegative/Uninfected subjects exhibited positive 

IFN-γ responses to HSP60 and PmpG, suggesting that these responses might be nonspecific. 

For IL-17, very few participants exhibited positive responses to any antigen and there were 

no significant differences among the groups.

3.4. Antigen-specific response and infection during follow-up

Logistic regression was performed to calculate the odds ratios (OR) and 95% confidence 

intervals (CI) for incident infection during follow-up among subjects in the Active Infection 

and Seropositive/Uninfected groups according to the presence or absence of a positive 

response to antigen or EB at enrollment. Since medical records data and negative serum 

antibody status suggested that the Seronegative/Uninfected subjects might be infection 

naïve, and therefore might have had a lower inherent infection risk owing to lack of 

exposure to an infected partner, we restricted our analysis to participants with the highest 

risk of infection. Of these 21 subjects, 76% completed two or more follow-up visits and 

contributed 54 follow-up PCR tests with four positives detected, two in the Active Infection 

and two in the Seropositive/Uninfected groups. A positive response to any antigen or to EB 

was associated with a nonsignificant reduced risk of infection (Table 4). The greatest 

reductions in risk were observed with a positive response to HSP60 (OR = 0.24, 95% CI: 

0.07–0.79, P = 0.25) or PmpG (OR = 0.33, 95% CI: 0.10–1.09, P = 0.37). A positive IFN-γ 

response to either HSP60 or PmpG was associated with a reduced risk that approached 

statistical significance (OR = 0.17, 95% CI: 0.014–2.10, P = 0.11). Although the reinfection 
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rate was high (19%), this prediction model may not be robust because of the small sample 

size.

4. Discussion

The primary aim of this study was to determine if CD4 T cell IFN-γ and IL-17 responses 

specific to putative chlamydial vaccine antigens could be detected in the peripheral blood of 

female teens at high risk of C. trachomatis. Although our cohort was small (42 subjects), we 

accomplished 85% of 168 follow-up visits in a 15-month period. The rate of chlamydial 

infection was 19% in our subject cohort at enrollment, and the rate of PID among those 

positive for Chlamydia at enrollment was 5 out of 8 or 63%, reflecting our recruitment of 

subjects from a clinic where girls presented for reproductive health care related to STI 

exposure and/or genitourinary symptoms. A repeat PCR positivity rate of 25% in those 

infected at enrollment and 15% in the Seropositive/Uninfected group supports current 

recommendations to test for Chlamydia reinfection 3 months after treatment and to screen 

even asymptomatic, sexually active adolescent girls for Chlamydia annually (Workowski 

and Berman, 2011). These data combined with the low rates of condom use reported 

illustrate the need for ongoing promotion of safer sex practices among adolescents. The 

detection of two of the same serovar repeat infections among the eight participants infected 

at enrollment highlights the importance of aggressive partner notification and treatment, 

including expedited partner therapy. Failed treatment is possible in one participant who 

tested positive 6 weeks post-treatment. However, as with the participant who had a negative 

PCR test at 6 weeks and returned positive at 6 months, reinfection was more likely the 

explanation.

In this small adolescent cohort study, although the frequencies of peripheral blood CD4 

IFN-γ SFCs specific for HSP60, PmpG, PmpF, and MOMP were higher in actively or 

previously infected participants compared with Seronegative/Uninfected participants, the 

differences in median net counts for these antigens were not significant among the groups. 

In contrast, the frequencies of CD4 IFN-γ SFCs specific to EB were significantly higher in 

both groups of exposed participants compared with subjects who were naïve for chlamydial 

infection. Since the median IFN-γ responses to all of the recombinant antigens except for 

MOMP were similar to or higher than the median response to EB, this implies that these 

antigens are stimulatory to CD4 Th1 cells in adolescent females sustaining chlamydial 

infection. However, the higher 3rd quartile IFN-γ responses for HSP60, PmpG, and PmpF, 

compared with EB and MOMP observed in the Seronegative/Uninfected group, indicate that 

nonspecific responses to these antigens may occur.

IL-17 responses were rare and smaller than IFN-γ responses. However, the detection of 

IL-17 responses to EB in Seropositive/Uninfected subjects that were significantly higher 

than those of Seronegative/Uninfected subjects (P = 0.003) indicated that EB-specific Th17 

cells were induced in a subset of exposed female teenagers. The low median response to 

MOMP for IFN-γ and IL-17 and the relatively low number of positive responders to MOMP 

may reflect our use of recombinant MOMP representing a single serovar. However, the 

majority of mapped MOMP T cell epitopes are located in conserved regions of the protein 
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(Ortiz et al., 1996). The two Active Infection subjects with positive IFN-γ and IL-17 

responses to MOMP were infected with D and E, both of the serogroup B complex.

The probability of detecting an EB-positive response within a small patient cohort is likely 

increased because the bacterial preparation contains multiple antigens. This is supported by 

the detection of a higher rate of subjects with a positive IFN-γ response to EB among the 

Active Infection and Seropositive/Uninfected groups compared with the Seronegative/

Uninfected group.

Interestingly, positive IFN-γ responses to HSP60 and PmpG were detected in over 35% of 

the Seronegative/Uninfected subjects and positive IFN-γ responses to PmpF were detected 

in ~20% of these subjects. Significant homology exists between C. trachomatis HSP60 and 

human HSP60 (Cerrone et al., 1991; Yi et al., 1993), which may contribute to CD4+ T cell 

cross-reactivity. Eighty percent of the Seronegative/Uninfected subjects with positive 

responses to PmpG and PmpF were seropositive to C. pneumoniae, which may have 

contributed to CD4+ T cell cross reactivity arising from homologous epitopes in PmpG and 

PmpF from this species (Kalman et al., 1999; Voigt et al., 2012).

We used the sensitive ELISPOT method to detect antigen-specific cytokine-producing CD4+ 

T cells in the peripheral blood. Although several days of antigen stimulation may be 

required to detect central memory T cells, overnight incubation should be sufficient to detect 

effector memory T cells. Nevertheless, we failed to detect EB-specific IFN-γ responses in 

37.5% of subjects in the Active Infection group and 38.5% of subjects in the Seropositive/

Uninfected group. Negative responders were detected despite a high rate of documented 

prior chlamydial infection both in the Active Infection (50%) and Seropositive/Uninfected 

(70%) groups. Cohen et al. also found a high rate of negative IFN-γ responders to EB (60%) 

among a cohort of sex workers (Cohen et al., 2005). These data suggest that Chlamydia-

specific effector memory CD4+ Th1 cells might remain undetectable in the peripheral blood 

of a subset of female subjects despite repeated infection. The low immunogenicity of this 

mucosal infection likely contributes to the high risk of repeated chlamydial infection 

observed in clinical studies (Batteiger et al., 2010; Geisler, 2011).

Rates of positive IL-17 responses were low, with 75% of subjects in the Active Infection 

group and 77% of the subjects in the Seropositive/Uninfected group having negative CD4+ 

T cell IL-17 responses to EB. These data contrast with a study conducted in New Delhi, 

India (Jha et al., 2011). There, IL-17 levels detected in supernatants of PBMCs stimulated 

with EB for 5 days were significantly higher in C. trachomatis-infected women than in a 

group of uninfected, seronegative women. While murine vaccine studies suggest a role for 

Th17 cells in protection after vaccination (Yu et al., 2010), the Th17 response may also play 

a tissue-damaging role through enhanced recruitment of neutrophils during infection 

(Scurlock et al., 2011). Additional studies are needed to determine the protective versus 

pathological role of chlamydial-specific Th17 cells during human genital tract infection.

In a prior study of adult female sex workers PBMC IFN-γ responses to recombinant 

chlamydial HSP60 with protective immunity to C. trachomatis, but responses to EB were 

not associated with protection (Cohen et al., 2005). Although positive responders among 
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Seronegative/Uninfected subjects suggested some lack of specificity of IFN-γ responses to 

HSP60 and PmpG, a positive response to these antigens was associated with a 76% or 66% 

reduced risk of infection during follow-up respectively. Subjects with a positive response to 

either HSP60 or PmpG had an 83% reduction in risk. However, these reductions in risk were 

nonsignificant, likely because of our small sample size.

Strengths of our study included the recruitment of an at-risk sexually active adolescent 

female cohort with well-documented medical records and a high follow-up rate, and the use 

of the serovar- and species-specific MIF assay to indicate prior chlamydial exposure. 

Limitations included the small size of the cohort and the use of a limited panel of antigens 

for testing. Data confounders include the restricted age group, the high incidence of PID 

among subjects with active infection, and the potential contribution of non-CD4+ T cells to 

the cytokine responses detected by ELISPOT. Finally, systemic responses may not be 

reflective of protective responses at the cervical mucosa. The use of longer incubation times 

and agonistic antibodies to costimulatory molecules may enhance ELISPOT sensitivity. 

Future studies are needed in larger adolescent cohorts to determine peripheral blood and 

mucosal chlamydial antigen-specific responses that predict resistance to reinfection. 

Additionally, evaluations of the protective nature of these responses against the development 

of upper tract disease are warranted because it appears that sterilizing immunity may require 

multiple natural infections.
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Fig. 1. 
Magnitude and variability of peripheral blood CD4 T cell IFN-γ (A) and IL-17 (B) 

responses among teenage female subjects grouped according to chlamydial infection and 

serum antibody status. Data are for 39 and 37 subjects for IFN-γ and IL-17, respectively. 

The box plots represent a graphical display of the minimum to maximum mean net count of 

spot-forming cells/million. The box represents the middle 50% of the count and the line 
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through the box is the median count value; whiskers are at the 75th percentiles. 

Concanavalin A (ConA) is the positive control.
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Table 4

Associations between a positive CD4 T cell IFNγ response to EB or antigen and incident infection during 

follow-up among 21 adolescent females previously infected with C. trachomatis.

Antigen Odds ratio (95% CI) P value

EB 0.67 (0.24–1.88) 0.70

HSP60 0.24 (0.07–0.79) 0.25

PmpG 0.33 (0.10–1.09) 0.37

PmpF 0.79 (0.28–2.22) 0.82

MOMP 0.54 (0.16–1.79) 0.62

HSP60 or PmpG 0.17 (0.01–2.10) 0.11

HSP60 or MOMP 0.19 (0.02–2.29) 0.16

Mixed-effects logistic regression model was used to derive odds ratios, 95% confidence intervals, and P values.
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