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Type 1 CD41-T-cell-mediated immunity is crucial for the resolution of chlamydial infection of the murine
female genital tract. Previous studies demonstrating a correlation between CD41-T-cell-mediated inhibition of
chlamydial growth and gamma interferon (IFN-g)-mediated induction of nitric oxide synthase suggested a
potential role for the nitric oxide (NO) effector pathway in the clearance of Chlamydia from genital epithelial
cells by the immune system. To clarify the role of this pathway, the growth levels of Chlamydia trachomatis
organisms in normal (iNOS1/1) mice and in genetically engineered mice lacking the inducible nitric oxide
synthase (iNOS) gene (iNOS2/2 mice) were compared. There was no significant difference in the course of
genital chlamydial infections in iNOS1/1 and iNOS2/2 mice as determined by recovery of Chlamydia organisms
shed from genital epithelial cells. Dissemination of Chlamydia to the spleen and lungs occurred to a greater extent
in iNOS2/2 than in iNOS1/1 mice, which correlated with a marginal increase in the susceptibility of macro-
phages from iNOS2/2 mice to chlamydial infection in vitro. However, infections were rapidly cleared from all
affected tissues, with no clinical signs of disease. The finding of minimal dissemination in iNOS2/2 mice sug-
gested that activation of the iNOS effector pathway was not the primary target of IFN-g during CD41-T-cell-
mediated control of chlamydial growth in macrophages because previous reports demonstrated extensive and
often fatal dissemination of Chlamydia in mice lacking IFN-g. In summary, these results indicate that the iNOS
effector pathway is not required for elimination of Chlamydia from epithelial cells lining the female genital tract
of mice although it may contribute to the control of dissemination of C. trachomatis by infected macrophages.

The pathologic consequences of genital infection by Chla-
mydia trachomatis, including pelvic inflammatory disease,
ectopic pregnancy, and infertility, have considerable psycho-
logical, public health, and economic implications. The high in-
cidence of asymptomatic infections often precludes timely an-
tibiotic therapy to control the sequelae of the infection, and so
a vaccine has been recommended for controlling Chlamydia
(37). Among other requirements for designing an effective vac-
cine is a detailed understanding of the pathogenesis and im-
munobiology of the disease, including host immune parame-
ters that control Chlamydia, the immune effector mechanisms
that function in chlamydial inhibition, and the chlamydial an-
tigens that elicit protective immunity.

Experimental animal models have been useful tools for un-
derstanding the immunobiology of genital chlamydial disease
(30, 36). Studies in the murine model have shown that T-cell-
mediated immune responses are sufficient for conferring pro-
tective immunity against chlamydial infection in mice (18, 19,
30, 33, 34, 41). Because cell-mediated immunity is also impor-
tant for chlamydial immunity in humans (3, 13), the murine
model has furnished a reliable system for analyzing and un-
derstanding the mechanism of T-cell control of Chlamydia that
could be extrapolated to humans. In this respect, T-cell-de-
rived cytokines, especially gamma interferon (IFN-g) and tu-
mor necrosis factor alpha (TNF-a), have been implicated in
chlamydial control in humans and in experimental animals (5,

9, 22, 31, 35, 39, 40, 43, 44). The biochemical basis of the anti-
microbial action of IFN-g includes the activation of phagocytes
(e.g., macrophages) to rapidly ingest and destroy chlamydiae
or infected cells (24) and the induction of indoleamine 2,3-di-
oxygenase (IDO) as demonstrated in human cells (6, 14). IDO
is an enzyme that catalyzes the decyclization of L-tryptophan
into N-formylkynurenine (6, 14, 27), thereby limiting the avail-
ability of this essential amino acid and inhibiting chlamydial
growth in infected cells. IFN-g can also induce intracellular
iron deficiency that restricts microbial growth (4). Finally, as
well established in murine cells, IFN-g activates inducible ni-
tric oxide synthase (iNOS), an enzyme that catalyzes the pro-
duction of antimicrobial reactive nitrogen intermediates, in-
cluding nitric oxide (NO) from L-arginine (43). Recent reports
showing a correlation between T-cell effector inhibition of in-
tracellular chlamydial growth and the induction of NO secre-
tion (8, 16, 17, 20, 21, 43) suggested that chlamydial control in
mice may involve the activation of the cytokine-iNOS system.
In the present study, we sought to clearly define the role of NO
in chlamydial control by employing genetically engineered iNOS
knockout (iNOS2/2) mice to analyze the effect of NO on the
in vivo and in vitro growth of Chlamydia. The results revealed
that iNOS2/2 mice could resolve genital chlamydial infections
as readily as normal (iNOS1/1) mice. However, transient dis-
semination of chlamydiae to other tissues occurred to a greater
extent in iNOS-deficient animals, suggesting that NO may play
a partial role in preventing the systemic spread of Chlamydia.

MATERIALS AND METHODS

Animals. Female iNOS2/2 and iNOS1/1 mice on a (C57BL/6 3 129/J)F2
background, 5 to 8 weeks old, were obtained from Carl Nathan of Cornell
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University Medical Center, New York, N.Y., and The Jackson Laboratory, Bar
Harbor, Maine. The animals were given food and water ad libitum and main-
tained in laminar-flow racks under pathogen-free conditions of 12 h of light and
12 h of darkness.

Chlamydia and infection of mice. Stocks of C. trachomatis agent of mouse
pneumonitis (MoPn) for infecting mice in vivo and peritoneal exudate macro-
phages (PEMs) in vitro were prepared by propagating elementary bodies in
HeLa cells, as previously described (34). The titers of stocks were determined by
infecting McCoy cells with various dilutions of elementary bodies, and the in-
fectious titer was expressed as inclusion-forming units (IFU) per milliliter (34).
Mice received medroxyprogesterone acetate (Depo-Provera; The Upjohn Co.,
Kalamazoo, Mich.) at 2.5 mg/mouse, and after 1 week, each mouse was infected
intravaginally with 1,500 IFU of MoPn (equivalent to 100 50% infective doses)
in a volume of 30 ml of phosphate-buffered saline (PBS). It has been established
in previous studies that this infection regimen produces a 100% infection rate in
mice (30). The course of the infection was monitored by periodic (every 3 days)
cervico-vaginal swabbing of individual animals. Chlamydia was isolated from the
swabs in tissue culture in accordance with standard methods, and inclusions were
visualized and enumerated by immunofluorescence (32, 34). The mice were
monitored for 6 weeks, a period that spans the course of MoPn infection in mice
(30). Experiments were repeated two times to give 10 or 14 animals per exper-
imental group.

Isolation of MoPn from the spleens and lungs was performed at different times
after infection as follows. Mice were infected intravaginally as previously de-
scribed (34). At the indicated time after infection, the entire spleen or lungs of
each mouse were removed and teased with forceps and the tissue homogenates
were collected in 1 ml of PBS. Chlamydia was isolated from the homogenate in
tissue culture in accordance with a standard immunofluorescence method, as
previously described (32, 34).

Cytokines, monoclonal antibodies, and other reagents. Recombinant murine
interleukin-1 (IL-1), TNF-a, and IFN-g and fluoresceinated monoclonal anti-
bodies against murine CD3 (clone KT3), major histocompatibility complex
(MHC) class II (clone P7/7), and Mac-1 (clone M1/70.15.1) molecules were
purchased from BioSource International, Camarillo, Calif., and Pharmingen, San
Diego, Calif. Salmonella minnesota-derived lipopolysaccharide (LPS) and con-
canavalin A (ConA) were obtained from Atlanta Biologicals, Norcross, Ga. The
L-arginine analog and inhibitor of nitric oxide synthase, L-NG-nitroarginine
methyl ester (L-NAME), was supplied by CYCLO3PSS Biochemical Corp., Inc.,
Salt Lake City, Utah.

Preparation of PEMs. Each mouse received 1 ml of 3% thioglycolate by the
intraperitoneal route. The mice were sacrificed after 5 days by cervical disloca-
tion, and the peritoneal cavities were washed with 10 ml of warmed PBS per
mouse. The cells were washed three times and resuspended in complete Dul-
becco’s modified Eagle’s medium (DMEM), which was composed of DMEM
supplemented with 10 mM HEPES, 10% heat-inactivated fetal bovine serum, 1.0
mM sodium pyruvate, 0.1 mM nonessential amino acids, 2 mM glutamine, and
50 g of gentamicin per ml (all purchased from Atlanta Biologicals).

Induction of NO secretion and assessment of chlamydial multiplication in
PEMs. Monolayers of PEMs were established by seeding 2 3 105 cells into each
well of 96-well tissue culture plates (Costar) and incubating the cells overnight in
humidified incubators at 37°C and 5% CO2. Cultures to measure NO secretion
were stimulated with optimum iNOS inducing agents, composed of 100 U of
IFN-g, 20 ng of TNF-a, 20 ng of IL-1, and 5 mg of LPS, each per ml (cytokines-
LPS), as previously described (12, 25, 28, 29, 43).

Cultures to assess MoPn multiplication in PEMs were infected at a multiplicity of
infection of 1 (MoPn/PEM ratio). Infected cells were centrifuged at 2,060 3 g for 30
min to facilitate infection. Centrifugation did not affect the attachment of the PEMs
as determined by microscopic observation. At the end of a 48-h incubation period,
the productive growth of chlamydiae in PEMs in the presence or absence of cyto-
kines-LPS or other reagents was determined by direct staining of wells with fluores-
cein isothiocyanate-labeled, genus-specific antichlamydial antibodies (Kallestad
Diagnostics, Chaska, Minn.) to detect chlamydial inclusions by direct immunofluo-
rescence (34). Cultures were established in triplicate, and the results were expressed
as IFU per milliliter (mean 6 standard deviation). Each set of experiments was
repeated at least three times to obtain a quantifiable and consistent pattern of
results. The percent inhibition was computed as follows:

[mean IFU/ml of control cultures] 2
[mean IFU/ml of experimental cultures (with cytokines-LPS)]

3 100
mean IFU/ml of control cultures

IFN-g assay. T-cell-enriched single spleen cells were prepared from naive
mice by nylon wool purification, as previously described (19), and the cells were
stimulated in vitro with 5 mg of ConA per ml for 72 h. The amount of IFN-g
secreted in cultures was measured by using a specific enzyme-linked immunosor-
bent assay kit (Cytoscreen immunoassay kit; BioSource International) in accor-
dance with the supplier’s instructions. The amount of the cytokine in each sample
was obtained by extrapolation from a standard calibration curve generated si-
multaneously. Data were calculated as the mean values (6 standard deviations)
of triplicate cultures for each experiment. The results were derived from at least
three independent experiments.

Measurement of NO production. The amount of NO induced in culture su-
pernatants was quantitated by the Greiss reagent method (11). Briefly, equal
volumes of twofold-diluted supernatants and the Greiss reagent (1% sulfanil-
amide, 0.1% naphthylethylene diamine dihydrochloride, 2.5% H3PO4) (50 ml
each) were mixed in 96-well plates, and the absorbance associated with color
change was measured within 10 min at a 550-nm wavelength in a Microplate
Autoreader spectrophotometer (Bio-tex Instruments, Inc., Winooski, Vt.). Re-
sults represent the mean of quadruplicate wells for each set of samples obtained
from different experiments.

Statistical analysis. The levels of multiplication of Chlamydia in macrophages
from iNOS2/2 and iNOS1/1 mice and the differences between results from the
two sets of animals were compared by performing a one- or two-tailed t test, and
the relationship between different experimental groupings was assessed by anal-
ysis of variance. Minimal statistical significance was judged at a P of ,0.05.

RESULTS

Comparison of levels of nitric oxide production by iNOS2/2

and iNOS1/1 mice. Genetically engineered iNOS knockout
(iNOS2/2) and control (C57BL/6 3 129/J; NOS1/1) mice (26)
were first analyzed for functional iNOS deficiency. PEMs from
these mice were exposed in vitro to an optimum combination
of iNOS inducers (cytokines-LPS as indicated in Materials and
Methods) for 24, 48, and 72 h. Nitric oxide production was
measured as nitrite in the culture supernatants by the standard
Greiss reagent assay (11). PEMs from iNOS2/2 mice produced
no detectable NO, while PEMs from iNOS1/1 mice produced
32.3 6 0.22, 34.5 6 1.34, and 36.47 6 1.1 mM NO after 24, 48,
and 72 h of stimulation, respectively. The results corroborate
previous reports demonstrating the absence of iNOS and NO
in these mice (26) and indicate that these iNOS-deficient mice
are suitable for testing the role of iNOS and NO in genital
chlamydial disease in mice.

Comparison of critical immune response parameters in
iNOS2/2 and iNOS1/1 mice. To ascertain that there were no
overt immunologic deficiencies in the iNOS knockout mice
besides the lack of NO-producing ability, the presence and
integrity of certain critical immune response parameters were
assessed and compared with those of control mice. The param-
eters investigated were the proportion of splenic CD3-bearing
T cells, the amount of IFN-g elaborated in response to ConA,
and the proportion of Mac-1- and MHC class II-bearing
splenocytes. The results presented in Table 1 show that there
were no significant differences between iNOS2/2 and iNOS1/1

mice in the proportion of cells expressing CD3, Mac-1, or
MHC class II antigens or in the production of IFN-g by cells.
The results indicate that certain immunologic features, includ-
ing the representation of mononuclear cells and the secretion
of IFN-g, are preserved in the absence of iNOS.

TABLE 1. Splenic immune response parameters
of iNOS-deficient and control micea

Mouse
type

CD31 cells
(% of total)b

IFN-g
production

(pg/ml)c

Mac-11 cells
(% of total)d

MHC
class II1 cells
(% of total)e

iNOS2/2 34.67 (1.2) 888.33 (55.8) 5.33 (0.3) 53.75 (1.8)
iNOS1/1 38.0 (0.9) 885.0 (48.3) 5.33 (0.3) 51.50 (2.1)

a Total splenic cells from either naive iNOS2/2 or iNOS1/1 mice were stained
with fluorescent-labeled monoclonal antibodies against the leukocyte antigen
indicated. Nylon wool-purified T cells (97.6% CD31) were stimulated with 5 mg
of ConA per ml for 3 days, and the supernatants were assayed for IFN-g as
described in Materials and Methods. Results represent data from at least three
independent experiments and are expressed as means with standard errors of the
means shown in parentheses.

b Results are significantly different at P 5 0.059.
c Results are significantly different at P 5 0.965.
d Results are significantly different at P 5 1.0.
e Results are significantly different at P 5 0.664.
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Chlamydial multiplication in PEMs from iNOS2/2 and
iNOS1/1 mice. The analyses of chlamydial growth in macro-
phages have been useful for studying the mechanisms of intra-
cellular survival, the biochemistry of chlamydial inhibition by
certain cytokines, the pathogenesis of inflammation associated
with chlamydial infection, and more recently the role of mac-
rophages in the transportation, initiation, and development of
Chlamydia pneumoniae-associated atherosclerotic plaques (23,
24). The capacity of C. trachomatis to multiply and form inclu-
sions in PEMs from iNOS2/2 mice was compared with that
in PEMs from iNOS1/1 mice. The results presented in Fig. 1
show that twice as many inclusions were present at 48 h in
PEMs from iNOS2/2 mice than in PEMs from iNOS1/1 mice
(P , 0.001). The chlamydial inclusions formed in PEMs from
iNOS2/2 mice were morphologically larger than those formed
in PEMs from iNOS1/1 mice (data not shown). Treatment of
PEMs from iNOS1/1 mice with cytokines-LPS caused a 12-
fold reduction in the growth of MoPn in these macrophages.
The presence of the NOS inhibitor L-NAME partially but
significantly reversed the antichlamydial effect of cytokine-LPS
treatment of PEMs from iNOS1/1 mice (P , 0.002). In con-
trast, there was minimal suppression of chlamydial growth in
the PEMs from iNOS2/2 mice following induction with cyto-
kines-LPS and the addition of L-NAME had no effect. These
results suggest that MoPn multiplies in PEMs from either
iNOS-deficient or normal mice, although inclusions were larger
and more numerous in macrophages derived from iNOS-defi-
cient mice.

The course of MoPn genital infection in iNOS2/2 and
iNOS1/1 mice. To investigate the effect of NO deficiency on
chlamydial multiplication in vivo, we compared the durations
and intensities of MoPn genital infections in iNOS2/2 and

iNOS1/1 mice. Groups of mice were genitally infected with
MoPn and monitored for 6 weeks by isolation of chlamydiae
from cervico-vaginal swabs in tissue culture. The results pre-
sented in Table 2 reveal that chlamydial burdens were similar
in iNOS2/2 and iNOS1/1 mice 1 week after infection. By 3
weeks postinfection, the rate of chlamydial clearance was slight-
ly enhanced in iNOS-deficient mice as compared to that in
controls in that the proportion of infected animals and the
degree of chlamydial shedding were lower in iNOS2/2 mice
than in iNOS1/1 mice. Chlamydial clearance was complete in
all mice by 5 weeks postinfection. These results indicate that
possession of a functional pathway for generating NO is not
required for efficient elimination of chlamydia from epithelial
cells lining the female genital tract.

Dissemination of chlamydia in iNOS2/2 and iNOS1/1 mice
after genital infection. Previous studies revealed that mice ge-
netically deficient in IFN-g are also capable of clearing Chla-
mydia from the genital epithelium at a rate comparable to that
in control animals (9, 31). However, dissemination of Chlamy-
dia from the genital tract to systemic tissues such as the spleen
and lung was noted with high frequency in IFN-g knockout
mice and attributed to secondary infection of macrophages
(31). To determine the relative contribution of the IFN-g-
driven iNOS pathway to dissemination of Chlamydia from
the genital mucosa, chlamydial burdens in systemic tissues of
iNOS2/2 and iNOS1/1 mice were compared. As shown in Fig.
2, small numbers of MoPn were detected in the spleens and
lungs of iNOS-deficient mice but not in tissues from control
mice for the first week following genital infection. The biologic
significance of this transient and relatively low level of dissem-
ination is unclear, however, since affected animals showed no
overt signs of disease during this period.

DISCUSSION

An understanding of the various biochemical processes that
mediate immune effector function against Chlamydia is a pre-
requisite for developing an appropriate vaccine or for design-
ing other prophylactic measures to control the sequelae of
chlamydial infection. T-cell-mediated immunity has been
shown to be crucial for chlamydial control in humans as well as
in experimental animal models of the disease (30, 36). Recent
reports suggesting that T-cell control of Chlamydia in mice
may involve the activation of the cytokine-iNOS system (8, 16,
17, 20, 21, 43) prompted the current investigations of chlamyd-

FIG. 1. Chlamydial multiplication in PEMs from iNOS2/2 and iNOS1/1

mice. PEMs were infected at a multiplicity of infection of 1 (MoPn/PEM ratio).
At the end of a 48-h incubation period, the productive growth of chlamydiae in
PEMs in the presence or absence of cytokines-LPS (CY/LPS) and L-NAME was
determined by direct staining of wells with fluorescein-labeled, genus-specific
antichlamydial antibodies to detect chlamydial inclusions by indirect immuno-
fluorescence, as described in Materials and Methods. Results are expressed as
the mean of values (IFU per milliliter) from at least three separate experiments.
The asterisk indicates that the twofold increase in MoPn multiplication in PEMs
from iNOS2/2 mice relative to that in PEMs from iNOS1/1 mice was statistically
significant (P , 0.001).

TABLE 2. Clearance of Chlamydia from the female genital tract
in iNOS knockout and immunocompetent control micea

No. of wk
postinfection

iNOS1/1 mice iNOS2/2 mice

% Infected No. of IFU
(mean)b % Infected No. of IFU

(mean)b

1 100 (12/12)c 7.6 3 104 100 (12/12) 1.6 3 105

2 100 (12/12) 1.5 3 104 100 (12/12) 7.0 3 103

3 91.7 (11/12) 5.9 3 103 41.6 (5/12) 1.3 3 101

4 8.3 (1/12) 8.6 3 101 0 0
5 0 0 0 0

a iNOS1/1 mice were (C57BL/6 3 129/J)F2; iNOS2/2 mice were a third-
generation random intercross of C57BL/6 mice homozygous for a 129/SvEv
embryonic stem-derived mutant iNOS gene. Therefore, both iNOS1/1 and
iNOS2/2 mice are segregating for all other loci.

b Mean number of recoverable chlamydial IFU from the indicated number of
mice at selected time points following intravaginal infection with MoPn as de-
scribed in Materials and Methods.

c Values in parentheses indicate the number of mice infected relative to the
total number of mice.
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ial immunity in mice genetically deficient in iNOS activity.
Specifically, these studies focused on defining the role of iNOS
and the NO effector pathway in the elimination of C. tracho-
matis from epithelial cells lining the murine female genital
tract. It was found that the courses of genital chlamydial in-
fection in iNOS2/2 and iNOS1/1 mice were essentially iden-
tical, which suggested that NO is not critical for chlamydial
clearance from the genital mucosa of these mice. However,
iNOS2/2 mice were more susceptible to subclinical infections
of the spleen and lungs than were control mice, which corre-
lated with a modest increase in the in vitro susceptibility of
macrophages from iNOS2/2 mice to chlamydial infection.
Considered together, the results suggest that NO is not criti-
cally required to control chlamydial infection in the genital
epithelial cells but that NO does partially contribute to the
resolution of chlamydial infection in macrophages. Ultimately,
however, the ability of iNOS2/2 mice to resolve infection in
both epithelial cells and macrophages indicates that NO-inde-
pendent immune mechanisms are more important for control-
ling C. trachomatis in the murine host.

Clearance of Chlamydia from the genital mucosa in the
absence of a functional iNOS system was unexpected based on
the results of previous studies using iNOS inhibitors in vitro (8,
16, 43) or in vivo (17). The capacity of NO synthase inhibitors
to suppress chlamydial killing by cloned type 1 CD41 T cells
(17) predicted a greater contribution of the iNOS mechanism
than was appreciated in the present study. A similar dichotomy
is apparent in analyses of immunity to Toxoplasma gondii, an
organism like Chlamydia that resides in parasitophorous vacu-

oles that are nonfusogenic with vesicles of the endosomal-
lysosomal pathway (7, 15). Intracellular killing of tachyzoites
was suppressed by treatment of normal macrophages with
NOS inhibitors (1) or by use of macrophages from iNOS2/2

donors (38). Yet the survival rate of iNOS2/2 mice during
acute Toxoplasma infections was similar to that of iNOS1/1

control mice (38). Attempts to reconcile these conflicting data
by invoking immunological compensation or the effect of re-
dundant antimicrobial mechanisms in mutant mice must be
tempered by the enhanced susceptibility of iNOS2/2 mice to
lethal infection with Leishmania (42), which argues against the
efficacy of compensatory effector pathways. Nevertheless, in-
creases in local cytokine production have been documented
previously (31a) and enhanced synthesis of IL-12p40 was sug-
gested as a mechanism underlying the accelerated chlamydial
clearance of iNOS2/2 mice. However, since IL-12p40 func-
tions as a regulatory rather than an effector cytokine, its effects
are likely to be indirect, possibly involving the enhancement of
other immune effectors. Future studies will address the possi-
bility that other effector pathways (4, 10) could compensate for
the iNOS deficiency.

Dissemination of Chlamydia from the site of inoculation to
the spleen and lungs has been noted not only in iNOS2/2 mice
but also in IFN-g2/2 mice (9, 22, 31). Chlamydial burdens in
involved tissues were substantially higher in IFN-g2/2 mice
than in these iNOS2/2 mice and were associated with signifi-
cant clinical disease (9, 31). This would suggest that the iNOS
pathway is not the sole mechanism for controlling chlamydial
infection in macrophages. A review of the IFN-g-induced
genes that may contribute to bacterial resistance has been
published elsewhere (2) and will not be reproduced here.
Among the systems described, IFN-g-mediated activation of
the IDO pathway has documented relevance to the in vitro
killing of Chlamydia (6, 14, 27). IDO mRNA is also up-regu-
lated during murine chlamydial infection in vivo (10).

Recent studies indicated that the relative contributions of
IFN-g and IFN-g-driven iNOS to the expression of chlamydial
immunity may be even greater during infection with human
C. trachomatis strains. Thus, mice deficient in IFN-g receptor
expression produced little or no NO and exhibited delayed
genital tract clearance of primary C. trachomatis serovar D
infection (22). In contrast, IFN-g2/2 mice displayed normal
clearance of genital MoPn infections (9, 31). Differential sus-
ceptibilities to IFN-g and, by inference, IFN-g-driven pathways
have also been demonstrated in vitro between C. trachomatis
serovar D and MoPn in that MoPn was more resistant to the
growth inhibitory effects of IFN-g (unpublished observation).
A testable hypothesis that can be advanced to reconcile the
differential sensitivities of distinct chlamydial strains to IFN-g
is that strains may exhibit differential sensitivities to the toxic
effects of nitrogen metabolites generated through the iNOS
pathway or to depletion of tryptophan following IFN-g-medi-
ated induction of IDO. Thus, it appears that the definition of
immune pathways relevant to chlamydial control may ulti-
mately depend not only upon the cellular target of infection
(i.e., macrophage or epithelial cell) but also upon the chlamyd-
ial strain under study and its sensitivity to IFN-g-driven effec-
tor mechanisms, including the NO and IDO pathways. The
common thread that unifies these potentially diverse killing
strategies is the requirement for induction of IL-12-driven type
1 CD41-T-cell immunity.
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