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Penile urethral swabs collected from PCR-confirmed Chlamydia trachomatis-infected, C. trachomatis-unin-
fected, and non-C. trachomatis-infected, nongonococcal urethritis-infected males were analyzed for cytokine,
total immunoglobulin (Ig), and specific antibody levels by enzyme-linked immunosorbent assay. Differential
cellular components of the swab transport medium were also enumerated for the same groups. Although low,
the levels of C. trachomatis-specific IgA and IgG antibodies and interleukin 8 cytokine were significantly higher
in C. trachomatis-infected individuals. There were no significant differences in the levels of seven additional
cytokines evaluated.

Chlamydial infections affect more than 89 million people per
year (8) globally. In much of the developing world, Chlamydia
trachomatis causes blinding trachoma and sexually transmitted
diseases (STDs) worldwide. Chlamydial infections are the most
common bacterial STD (4) in the United States, with approx-
imately 4 million new cases per year.

Recent studies using the C. trachomatis-infected mouse
model have characterized the immunoregulatory response as
Th1 type, reflecting production of gamma interferon (IFN-�)
and cell-mediated immunity, which are critical components of
an effective immune response (13, 21). Despite the plethora of
information on immune responses to C. trachomatis in ani-
mal models, there exists a paucity of information about the
C. trachomatis-induced response(s) in humans. In the present
study, we have evaluated human male urethral specimens for
characteristic evidence of a C. trachomatis immune response in
a well-defined patient population.

(A portion of these results was presented at the Ninth In-
ternational Symposium on Human Chlamydial Infection, Napa
Valley, Calif., 1998.)

The University of Alabama at Birmingham’s Institutional
Review Board and the Quality Improvement Office of the
Jefferson County Department of Health approved the present
study. Included in the study were 142 men, aged 13 to 46 years
(median age, 25 years), who attended the Jefferson County
Department of Health STD Clinic in Birmingham, Ala. The
population consisted of 100 African Americans, 39 Caucasians,
and 3 Hispanics. Patients were classified as symptomatic
(dysuria with or without urethral discharge) or asymptomatic
based on patient complaints and clinical findings. The total
enrollment was divided into three groups. The C. trachomatis-
infected group (n � 71) was defined as PCR positive for C. tra-

chomatis only. A second group (n � 15) contained patients
with nongonococcal urethritis (NGU) who were C. trachomatis
PCR negative and was identified as non-C. trachomatis–NGU.
The third group was considered uninfected controls (n � 56)
who were not infected with C. trachomatis, Neisseria gonor-
rhoeae, or Treponema pallidum, based on laboratory findings,
and were negative for human immunodeficiency virus.

A Dacron-tipped stainless-steel shaft swab was used to sam-
ple the penile urethra and was placed into 1.5 ml of 2-SP
transport medium (23). The transport medium was used to
evaluate C. trachomatis cell culture; C. trachomatis PCR (23);
enzyme-linked immunosorbent assay for cytokines (27) inter-
leukin 1� (IL-1�), IL-2, IL-6, IL-8, IL-10, IL-12 (p70), IL-
18, transforming growth factor-� (TGF-�), tumor necrosis fac-
tor alpha (TNF-�) (R&D Systems, Minneapolis, Minn.), IL-4,
and IFN-� (PharMingen, San Diego, Calif.); immunoglobulin
(Ig) (11, 19); and antigen-specific antibody (Labsystems, Hel-
sinki, Finland) (22).

In some previously published studies, semen had been used
to determine the presence of C. trachomatis and C. trachoma-
tis-specific antibody levels (16, 17, 26). However, this fluid is
predominantly derived from sources other than the urethra
and thus may not reflect the primary site of infection (24). The
results from the present study probably portray the local re-
sponses to C. trachomatis more accurately than do evaluations
of other body fluids such as urine and semen, which only pass
transiently through the site of infection, the male urethra.

We examined swab specimens in transport medium for the
presence of cytokines in the control group, the non-C. tra-
chomatis–NGU group, and the C. trachomatis-positive NGU
group (Table 1). Only IL-8 was significantly increased (P �
0.0001) in C. trachomatis-PCR-positive subjects (Fig. 1). Fur-
thermore, levels of the Th1-associated cytokines, IL-2, IFN-�,
and IL-18, as well as Th2 cytokines, IL-6 and IL-10, and the
inflammatory cytokine IL-1� in the urethral swab fluid of
C. trachomatis-infected males did not differ significantly from
those in the control group. IL-4, TGF-�, and TNF-� were
below the detection limits of this method in all specimens.
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Serum specimens from 9 C. trachomatis-infected and 17
C. trachomatis-uninfected males were evaluated for the same
battery of cytokines tested (except for IL-18) in the urethral
swab medium (data not shown). No statistically significant dif-
ference was found between the serum cytokine levels of the
two groups except for IL-8; IL-8 levels were dramatically lower
in sera of C. trachomatis-infected males than in those of C. tra-
chomatis-uninfected males (P � 0.0016).

Cellular components from urethral specimens less than 24 h
old in 2-SP were concentrated by cytospin centrifugation onto
glass slides. Differential counts of lymphocytes, monocytes, and
polymorphonuclear leukocytes (PMN) from swab specimen
samples were compared for the three groups (data not shown).
The numbers of monocytes in both the C. trachomatis-infected
(n � 14) and the non-C. trachomatis–NGU (n � 7) males were
lower than those in the uninfected males (n � 11) (P � 0.036
and 0.038, respectively). The total numbers of lymphocytes
were equal among the groups. Compared to the uninfected
group, the non-C. trachomatis–NGU group had higher num-
bers of PMN (P � 0.038) but the C. trachomatis-infected group
did not. Six asymptomatic males (five non-C. trachomatis–
NGU and one C. trachomatis positive) had no leukocytes ob-
served on the cytocentrifuged slide specimens.

Secretory leukocyte protease inhibitor (SLPI) is a product of
the innate immune system and is present in many human
secretions, including tears, nasal secretions, cervical mucus,
and seminal fluid (1, 5, 20), but it has not been described in
penile urethral fluid. As a consequence of PMN activity asso-
ciated with C. trachomatis infections, we expected that neutro-
phil elastase would be increased, as reported previously in
C. trachomatis-proven male urethral infections or urethritis
(6). Elastase can damage the epithelium and possibly interfere
with host defenses (29). Because SLPI acts as a major inhibitor

of neutrophil elastase in secretions (3), has microbicidal activ-
ity (12), and is stable in an acidic environment (7), we com-
pared levels of SLPI in the urethral specimens of all three
groups. Although SLPI was found in all specimens from all
three groups, no increased levels of this protein were detected
in the C. trachomatis-infected patients. In light of the total
numbers of PMN in both the C. trachomatis-infected and -un-
infected males (P � 0.13), the measured levels of SLPI were
not unexpected.

Igs have been reported as an important component in the
immune response to C. trachomatis in animals and humans (14,
28). Total IgA, IgA1, IgA2, IgG, and IgM levels were higher in
the urethral swab fluids from C. trachomatis-infected males
than in swab samples from the C. trachomatis-uninfected males
(for all Igs, P � 0.050 [Table 2]); a significant increase in the
levels of total secretory IgA (S-IgA) in the urethral swab fluids
was observed in the C. trachomatis-infected group compared to
the uninfected group (P � 0.0071). Levels of total IgA1, IgA2,
and S-IgA were not determined for non-C. trachomatis–NGU
patients. The source of the increased levels of Igs in the C. tra-
chomatis-infected male urethra may be local production or
transudation of plasma proteins into the genital tract secre-
tions.

Total levels of serum IgA, IgG, and IgM were not signifi-
cantly elevated in the C. trachomatis-infected group compared
to the uninfected group (data not shown) (for all Igs, P � 0.20).
There was no difference in serum Ig levels for the non-C. tra-
chomatis–NGU subjects compared with the C. trachomatis-
uninfected subjects (data not shown) (for all Igs, P � 0.70).

As measured by a commercial serum antibody detection
assay, optical density units of C. trachomatis-specific IgA and
IgG in urethral swab transport medium were higher in C. tra-
chomatis-infected males than in C. trachomatis-uninfected

TABLE 2. Total Ig concentrations in urethral swab specimens

Patient group
Concn [ng/ml mean � SEM (n)] of:

IgA IgA1 IgA2 S-IgA IgG IgM

Uninfected 898 � 245 (15) 582 � 178 (15) 252 � 64 (15) 1,046 � 349 (15) 1,113 � 247 (13) 53 � 15 (12)
Non-C. trachomatis–NGU 3,329 � 810 (7) Not done Not done Not done 4,310 � 2,061 (7) 133 � 64 (7)
C. trachomatis infected 1,503 � 244 (18) 846 � 121 (17) 994 � 190 (17) 2,761 � 507 (18) 24,007 � 12,183 (28) 394 � 104 (28)

P valuea

Uninfected vs infected 0.035 0.045 0.014 0.0071 �0.0001 0.0001
Non-C. trachomatis–NGU

vs infected
0.002 Not done Not done Not done 0.015 0.26

a Mann-Whitney U test.

TABLE 1. Cytokine levels in urethral swab specimens

Patient group
Cytokine level [mean � SEM (n)]

IL-1� (pg/ml) IL-2 (pg/ml) IL-6 (pg/ml) IL-10 (pg/ml) IL-12 (p70) (pg/ml) IL-18 (ng/ml) IFN-� (pg/ml)

Uninfected 26.0 � 4.8 (13) 57.5 � 20.6 (15) 152 � 37.4 (4) 6.6 � 1.3 (12) 354 � 139 (11) 5.8 � 0.5 (37) 0.6 � 0.1 (10)
Non-C. trachomatis–NGU 42.6 � 9.7 (7) 69.6 � 26.0 (7) Not done 7.0 � 0.69 (7) 392 � 160 (6) Not done 0.7 � 0.1 (7)
C. trachomatis infected 49.1 � 13.8 (23) 50.3 � 11.6 (19) 94.3 � 14.6 (6) 16.0 � 7.7 (18) 140 � 43.1 (16) 7.6 � 0.9 (40) 1.6 � 0.6 (24)

P valuea

Uninfected vs infected 0.73 0.72 0.17 0.98 0.21 0.32 0.092
Non-C. trachomatis–NGU

vs infected
0.13 0.53 Not done 0.34 0.47 Not done 0.36

a Differences for all comparisons were considered significant at P � 0.05 (Mann-Whitney U test).
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males (P � 0.0001 [Table 3]). Sera from 9 C. trachomatis-
infected individuals and 11 uninfected individuals (non-C. tra-
chomatis–NGU subjects were not included) revealed no differ-
ences in specific antibody levels (P � 0.5).

To our knowledge, this study provides the first comprehen-
sive survey of the local response associated with human chla-
mydial infection. Compared to the uninfected control group,
the C. trachomatis-infected group had higher levels of IL-8,
total Ig, and C. trachomatis-specific antibodies at the locally
affected area. However, our findings differ from those of in-
vestigators using chlamydia-infected animal models that reflect
a typical Th1-type response to initial and repeat infection (21).
The present study reports only a mild cellular inflammatory
response directly associated with C. trachomatis infection.

Only IL-8 levels were elevated in C. trachomatis-infected
men compared with the two uninfected groups (Fig. 1). The
IL-8 levels for the non-C. trachomatis–NGU group were com-
parable to IL-8 levels detected in the C. trachomatis-negative
group. IL-8 is a CXC chemokine that is produced by epithelial
cells, monocytes, and neutrophils and appears to mediate the

recruitment of neutrophils to areas of inflammation or infec-
tion (2, 10). Rasmussen et al. (25) have shown that primary
endocervical epithelial cells as well as cell lines (HeLa, SiHa,
and HT-29) are capable of secreting IL-8 when infected with
C. trachomatis in vitro. Hang et al. (9) have detected IL-8 by
cytokine staining in urethral epithelial tissue from both dis-
ease-free and diseased subjects. These results suggest that ep-
ithelial cells lining the urethra not only produce IL-8 normally
but also, when infected with C. trachomatis, produce it at in-
creased levels.

The cytokine IL-18 has been implicated as important in the
regulation of both innate immunity and acquired immune re-
sponses (18). Lu et al. (15) have shown that cell lines infected
with C. trachomatis do in fact produce the active form of IL-18
after cleaving its proform with caspase 1. However, in the pres-
ent study, there was no statistically significant difference in the
levels of IL-18 between C. trachomatis-infected and -uninfect-
ed males (Table 1).

Hedges et al. (11) reported minor antibody responses in
cervical mucus from women infected with N. gonorrhoeae. Sim-
ilarly, as indicated here, immune responses in the urogenital
tract to the sexually acquired pathogen C. trachomatis appear
to be limited in magnitude. Although low, the levels of C. tra-
chomatis-specific antibodies were however higher in the uro-
genital tract than those found in the systemic compartment.
The results of this study indicate that C. trachomatis infection
of the male urogenital tract induces low immune and minimal
cytokine responses against the infecting organism and that the
male urogenital tract may be considered a weak inductive site.
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