
Vol. 39, No. 1INFECTION AND IMMUNITY, Jan. 1983, p. 463-465
0019-9567/83/010463-03$02.00/0
Copyright © 1983, American Society for Microbiology

Humoral Immune Response in Acquired Immunity to
Chlamydial Genital Infection of Female Guinea Pigs

ROGER G. RANK* AND ALMEN L. BARRON

Department of Microbiology and Immunology, University ofArkansas for Medical Sciences, Little Rock,
Arkansas 72205

Received 23 July 1982/Accepted 28 September 1982

Immunity to reinfection in the genital tract of female guinea pigs with the agent
of guinea pig inclusion conjunctivitis was found to be dependent upon an intact
humoral immune response. Cell-mediated immunity in the absence of humoral
immunity had no apparent role in resistance to challenge infection.

Presently, there is no firm evidence that Chla-
mydia trachomatis infections of the human geni-
tal tract elicit protective immunity to subsequent
challenges. Such information is difficult to ob-
tain in humans; however, the ability to infect
guinea pigs in the genital tract with the agent of
guinea pig inclusion conjunctivitis (GPIC), a
Chlamydia psittaci organism (4), affords an ex-
cellent opportunity to investigate the mechanism
by which protective immunity develops. Genital
infection of female guinea pigs with GPIC lasts
about 18 to 20 days and results in long-lasting
immunity to challenge infection (1, 2, 5). We
have previously shown that resolution of the
infection is largely dependent upon humoral
immunity (8); however, the nature of the immu-
nity acquired against reinfection in this system is
not known. Thus, it was the purpose of the
present investigation to determine whether ac-
quired immunity to GPIC is also dependent upon
the humoral immune system.
Female Hartley strain guinea pigs weighing

400 to 500 g were obtained from Simonson
Laboratories, Inc., Gilroy, Calif., and were
housed individually with a fiber glass filter over
each cage. This stock has been found to be free
of GPIC infection; nevertheless, all animals
were assessed for antibodies to GPIC before
being included in the experiments. Guinea pigs
were infected by intravaginal inoculation of 0.05
ml of a suspension containing approximately 4.6
x 105 50% egg lethal doses derived from yolk
sac-grown material as described previously (8).
The course of the infection was assessed by
scraping the vaginal wall with a dental spatula
and making a smear on a glass slide. Smears
were Giemsa stained after methanol fixation. A
total of 100 epithelial cells were counted, and the
percentage containing inclusions was recorded
as the inclusion score (8).

Antibodies to GPIC in serum and genital se-
cretions were detected by indirect immunofluo-

rescence with fluorescein-labeled rabbit anti-
guinea pig immunoglobulin G (Miles
Laboratories, Elkhart, Ind.) (8). Genital secre-
tions were obtained by a modification of the
procedure of Lamont et al. (2). A surgical
sponge (Weck-Cel; Edward Weck and Co., Inc.,
Durham, N.C.) (2 by 10 mm) was inserted into
the vagina of an animal anesthetized with Nem-
butal (Abbott Laboratories, North Chicago, Ill.)
and was retrieved 2 h later. The sponge was
weighed before and after insertion, and the
weight of the collected secretion was deter-
mined. Immediately before antibody testing, the
sponge was eluted in phosphate-buffered saline,
pH 7.2, at a ratio of 0.2 ml of phosphate-buffered
saline to 0.1 g of secretion. This solution was
considered undiluted with regard to subsequent
titration.

Allergic contact dermatitis to oxazolone and
delayed-type hypersensitivity to GPIC antigen
were performed as before (8, 9). Briefly, animals
were sensitized with 0.2 ml of 10% oxazolone in
acetone on the ear and were challenged on the
flank with 0.125% oxazolone in acetone-corn oil
(4:1). Reactions were graded according to inten-
sity of erythema and induration 24 h after chal-
lenge. Delayed-type hypersensitivity to heat-
killed GPIC antigen was assessed by injecting
0.05 ml of antigen prepared from GPIC grown in
cell culture into the pinna of the ear and measur-
ing the increase in ear thickness 24 h after
challenge.
To determine whether humoral immunity is

required for resistance to reinfection, we at-
tempted to create a situation in which we could
challenge animals which had active cell-mediat-
ed immunity (CMI) to GPIC but negligible hu-
moral immunity. To do this, we treated one
group (Cy-GPIC-Tc) of nine guinea pigs with 200
mg of cyclophosphamide (Fairfield Chemical
Co., Inc., Blythewood, S.C.) per kg intraperito-
neally on days 1, 9, 18, etc. for the course of the
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experiment. This regimen has been shown to
suppress humoral immunity but not CMI (8).
Since GPIC infection does not resolve in cyclo-
phosphamide-treated animals, we treated all ani-
mals with 10 mg of oxytetracycline (Rachelle
Laboratories, Inc., Long Beach, Calif.) per kg
intramuscularly twice daily for five consecutive
days beginning on day 13 to eliminate the orga-
nism. After the infection had resolved as as-
sessed by inclusion scores, the animals were
challenged on day 24 with a GPIC suspension
containing 4.6 x 105 50% egg lethal doses. A
control group (GPIC-Tc) of three animals was
infected with GPIC and treated with tetracycline
but did not receive cyclophosphamide. These
animals would have recovered without tetracy-
cline treatment. Finally, a third group (Tc) of
three guinea pigs remained uninfected but was
treated with tetracycline to verify that any po-
tential residual levels of tetracycline would not
interfere at the time of challenge infection. In
addition, this group was not sensitized to oxazo-
lone so that it could act as a negative control for
this response.

All guinea pigs became infected upon inocula-
tion with GPIC and were cured of the infection
by treatment with tetracycline as indicated by
negative inclusion scores on days 21 and 24 (Fig.
1). Interestingly, three Cy-GPIC-Tc animals in
which negative inclusion scores on day 21 indi-
cated an apparent cure redeveloped positive
inclusion scores by day 24, indicating a resur-
gence or relapse of the infections. These animals
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FIG. 1. Course of GPIC infections in the Cy-GPIC-
Tc group (A) and the GPIC-Tc group (B) and results of
challenge infections on day 24. Data points represent
mean (arithmetic) inclusion scores (-) or mean (geo-
metric) antibody titers to GPIC (0). Arrows show
days of tetracycline treatment (Tc) and challenge.
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TABLE 1. CMI responses at time of challenge
infection (day 24)
Response (no.

Group positive/no. tested) to: Ear thickness
Oxazolone GPIC (xO.1 mm ± SD)

Cy-GPIC-Tc 6/6 6/6 5.3 ± 2.0
GPIC-Tc 2/3 3/3 5.8 ± 1.8
Tc 0/4 0/4 0.8 ± 0.6

were excluded from the challenge experiment.
When challenged on day 24 with a fresh suspen-
sion of GPIC, all six of the remaining Cy-GPIC-
Tc guinea pigs became reinfected. In contrast,
none of the immunologically intact animals
(GPIC-Tc) became infected upon challenge and
were thus judged to be immune. All of the
animals in the Tc group were susceptible to the
challenge infection (data not shown), confirming
that residual drug was not playing any role in
resistance. Combining data from other experi-
ments showed that a total of 10 out of 10 Cy-
GPIC-Tc animals became infected upon chal-
lenge, whereas 0 out of 9 GPIC-Tc guinea pigs
became infected.
When the humoral immune responses of the

various groups were assessed, the Cy-GPIC-Tc
group had negligible levels of serum antibody to
GPIC, whereas GPIC-Tc animals developed
substantial titers by day 14 (Fig. 1). Similarly,
Cy-GPIC-Tc animals had a mean secretion anti-
body titer of 1.2 in contrast to a mean titer of 64
in the GPIC-Tc animals. However, both the Cy-
GPIC-Tc and the GPIC-Tc groups responded
with significant delayed-type hypersensitivity
reactions to GPIC antigen (P < 0.001) on day 24
when compared with the Tc group by a two-
tailed t test (Table 1). It is important to note that
there was no significant difference between the
Cy-GPIC-Tc and GPIC-Tc groups. Both groups
also responded to challenge with oxazolone.
Thus, these data demonstrate that the Cy-

GPIC-Tc group had developed strong CMI to
GPIC as well as to a heterologous antigen but
remained essentially negative for antibody pro-
duction to GPIC in both serum and secretions.
Despite the CMI to GPIC at the time of chal-
lenge infection, the Cy-GPIC-Tc group devel-
oped a second infection, suggesting that CMI is
not responsible for acquired immunity to chla-
mydial genital infection. This study strongly
indicates that resistance to challenge infection as
well as resolution of primary infection is depen-
dent upon the humoral immune response.
Although the particular class of immunoglob-

ulin responsible for the protective immunity was
not determined in this study, it seems likely that
protection is associated with antibodies found in
genital secretions, in particular with secretory
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immunoglobulin A. Secretory immunity has
been implicated in the protective immune re-
sponse to GPIC infections of the eye (3, 5-7) and
genital tract (5). In contrast, the production of
high levels of serum antibodies failed to provide
immunity to local challenge with GPIC in the
eye (6). Nichols et al. (7) immunized guinea pigs
with viable GPIC orally and observed protection
against challenge in the genital tract. They sug-
gested that this immunity was associated with
the development of a secretory immune re-

sponse resulting from the oral immunization.
The finding that CMI does not play a signifi-

cant role in resistance to challenge infection
does not rule out the participation of T cells in
this response. In fact, it is quite likely that T
helper cells are essential for the production of
antibody to GPIC. Williams et al. (10) have
found that respiratory infections of mice with
the agent of mouse pneumonitis (C. trachomatis)
are more severe in congenitally athymic mice
than in immunologically intact mice. However,
this phenomenon appears to be related to the
inability of the mice to form T cell-dependent
antibodies rather than to the absence of CMI
mechanisms.
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