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The development of antigen-responsive lymphocytes was followed in mice
immunized with the Gilliam, Karp, or Kato strains of Rickettsia tsutsugamushi by
utilizing an in vitro lymphocyte proliferation assay. Subcutaneous immunization
with viable rickettsiae of all three strains resulted in the appearance of lympho-
cytes in the spleen responding to irradiated tissue culture-grown rickettsiae used
as stimulating antigens. Although all animals demonstrated antigen-induced
proliferation elicited by homologous antigen by 14 days after immunization, the
time of peak responsiveness varied, depending on the strain of rickettsiae used for
immunization. In all cases, peak proliferative responses occurred at a time after
immunization that was after the previously reported time after immunization at
which resistance to rechallenge was observed. Reactivity to heterologous strains
ofR tsutsugamushi developed roughly in parallel with homologous reactivity in
Karp- and Gilliam-immunized mice, with a marked degree of heterologous
reactivity evident. Kato-immunized mice demonstrated greater reactivity to
heterologous antigens early in the development of antigen reactivity and demon-
strated a somewhat greater degree of cross-reactivity, relative to homologous
responses, than the other groups. It was found that nylon wool-nonadherent
immune cells, if cultured with antigen and adherent cells obtained from normal
spleens or peritoneal exudates, responded in culture. The thymus-derived lym-
phocyte nature of the responding cell was further suggested when treatment of
immune spleen cells with anti-Thy 1.2 serum and complement eliminated antigen
response.

A number of studies have suggested that im-
munity to Rickettsia tsutsugamushi in a murine
model is dependent on the development of a cell-
mediated immunity (CMI), as assessed by cell
transfer (27), by production of lymphokines by
thymus-derived lymphocytes (T-lymphocytes),
which results in the activation of macrophages
(20, 21), and by the demonstration of delayed-
type hypersensitivity responses after immuniza-
tion (16).
Although antibody is also produced in re-

sponse to natural and experimental infections
with R. tsutsugamushi (27, 31), the role of
antibody in immunity to reinfection is unclear. A
number of biological activities have been attrib-
uted to antibody produced in response to R.
tsutsugamushi, including neutralization of a tox-
ic effect associated with this organism (11),
neutralization of rickettsial infectivity if mixed
with rickettsiae in vitro before animal inocula-
tion (2), and neutralization of infectivity for
tissue culture (1, 23). In one study the passive
administration of specific antibody to naive ani-

mals rendered them resistant to lethal challenge
with the strain of R. tsutsugamushi used to
produce the antiserum (28). Although the mech-
anism(s) of each of these activities is unknown, a
recent study with a different rickettsia, Coxiella
burnetii, has demonstrated that administration
of immune sera to naive mice enhanced rickett-
sial clearance through an adjuvant-like activity,
which resulted in an enhancement of the cell-
mediated response (13). Studies have demon-
strated that antibody produced in response to
one strain of R. tsutsugamushi reacts in neutral-
ization tests almost exclusively with the homolo-
gous strain, and very little cross-reactivity with
heterologous strains was noted (1, 2, 11, 22),
which is in direct contrast to the strong heterolo-
gous resistance to reinfection exhibited by im-
munized animals (12). It also has been shown
that animals immunized with irradiated (thus,
nonreplicating) rickettsiae are resistant to ho-
mologous and heterologous challenge, although
these immunogens produce little or no antibody
response (7). These data argue against a direct
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role of antibody in protective immunity to R.
tsutsugamushi, although a possible cooperation
between antibody and CMI has not been ade-
quately studied.
A number of studies have demonstrated that

natural and experimental rickettsial infections
result in the appearance of proliferating lympho-
cytes (5, 14, 17, 18), which have been shown to
be relatively long lived (14) and associated with
the presence of a CMI. Lymphocyte prolifera-
tion in vitro has been shown to be due to at least
the response of antigen-responsive T-lympho-
cytes with the specific immunizing antigen and
has been used to study the specificity of antigen
receptors on T-lymphocytes (25, 29).

In the present study, we have examined mice
immunized with the Karp, Kato, or Gilliam
strains of R. tsutsugamushi for the appearance
of lymphocytes proliferating in culture to the
immunizing antigen as a method to detect the
presence ofCMI by in vitro techniques. Further,
we have employed the lymphocyte proliferation
(LP) assay to examine the specificity of antigen
receptors on lymphocytes arising as a result of
immunization in terms of responsiveness to het-
erologous strains of R. tsutsugamushi in an
attempt to correlate T-lymphocyte responsive-
ness and protective immunity to infection with
R. tsutsugamushi.

MATERIALS AND METHODS
Mice. Female BALB/c mice were obtained from

Flow Laboratories, Inc. (Dublin, Va.) and used at 8 to
12 weeks of age in all experiments.

Rickettsiae and immunization of mice. The Karp
(52nd egg passage), Gilliam (165th egg passage), and
Kato (162nd egg passage) strains of R. tsutsugamushi
were plaque purified (23) and propagated in embry-
onated eggs; infected yolk sac suspensions were pre-
pared and stored at -70°C as described previously (9).
Rickettsial titers were expressed as 50% mouse lethal
doses (MLD50) calculated by the method of Spearman
and Karber as described by Finney (10). Mice were

immunized with the appropriate rickettsial strain by
subcutaneous (s.c.) injection of 1,000 MLD50 of rick-
ettsiae contained in 0.2 ml of brain heart infusion
broth.
Antigen preparation. Each strain of R. tsutsugamu-

shi was propagated in irradiated L-929 cell cultures as

described previously (6). The resulting rickettsiae
were liberated from L-929 cells, freed of cell debris,
and irradiated with 180 kilorads of gamma irradiation
(60Co; Gamma cell 220; Atomic Energy of Canada
Ltd., Ottawa, Ontario, Canada) as described previous-
ly (16).
LP assay. The ability of spleen lymphocytes to

proliferate in response to rickettsial antigens was

measured using a modification of a previously de-
scribed microculture LP assay (15). Briefly, spleens
were removed aseptically, and single-cell suspensions
were prepared by mincing the spleens into RPMI 1640
supplemented with 50 ,g of gentamicin per ml, 1%
fresh glutamine, and 25 mM HEPES (N-2-hydroxyeth-
ylpiperazine-N'-2-ethanesulfonic acid) buffer (MA

Bioproducts, Walkersville, Md.). Cells were washed
twice at room temperature and were adjusted to 5 x
106 viable cells per ml in RPMI 1640 supplemented as
described above (15) and containing 10% heat-inacti-
vated fetal bovine serum (GIBCO Laboratories, Grand
Island, N.Y.). Individual wells of 96-well microtiter
plates (Micro Test II; Falcon Plastics, Oxnard, Calif.)
received 0.1-ml samples of the cells. Quadruplicate
wells received medium, rickettsial antigens, concanav-
alin A (ConA; Calbiochem, La Jolla, Calif.), or Esche-
richia coli lipopolysaccharide (LPS; O11B4; Difco
Laboratories, Detroit, Mich.), all diluted to the desired
concentration in RPMI 1640 without added serum,
making the final fetal bovine serum concentration 5%.
Cultures were incubated at 37°C in a humidified 5%
CO2 atmosphere for 72 h. One microcurie of tritiated
thymidine (specific activity, 6.2 Ci/mmol; New En-
gland Nuclear Corp., Boston, Mass.) was added to
each well for the final 6 h of culture. Cells were
harvested onto filter strips by using a multiple harvest-
ing system, and incorporated radioactivity was deter-
mined by scintillation counting (Prias; Packard Instru-
ment Co., Inc., Downers Grove, Ill.). Data were
expressed as net counts per minute (cpm) calculated
by subtracting cpm of cultures receiving only media
(control cultures) from cpm of cultures receiving anti-
gens or mitogens, and as stimulation indexes (SI)
calculated by dividing the cpm of antigen- or mitogen-
stimulated cultures by the cpm of control cultures.

Characterization of responding lymphocytes. Spleen
cells prepared as described above were suspended in
RPMI 1640 supplemented with 10o fetal bovine se-
rum, and 2 x 108 to 5 x 108 cells were added to a 5-g
nylon wool column. After incubation for 60 min at
37°C, nonadherent cells were slowly eluted with 30 ml
of medium. Nonadherent cells consisted of .95%
lymphocytes staining with fluorescinated anti-Thy 1.2
serum and -o2% lymphocytes staining with fluorescin-
ated anti-mouse immunoglobulin G. The resulting cells
were cultured as described above either alone or in the
presence of spleen-adherent cells (SAC) as a source of
antigen-presenting cells. To prepare SAC, spleen cells
from normal syngeneic mice were allowed to adhere to
75-cm2 plastic tissue culture flasks (Falcon) for 60 min
at 37°C in RPMI 1640 supplemented with 20% fetal
bovine serum. After extensive washing with warm
RPMI 1640 to remove nonadherent cells, adherent
cells were removed from the plastic by gentle scraping
with a rubber policeman. The resulting cells were
washed twice and adjusted to the desired concentra-
tion in RPMI 1640 supplemented with 10%o fetal bovine
serum. To deplete lymphocytes with Thy 1.2 surface
antigen, immune spleen cells were adjusted to 107/ml
in RPMI 1640, and monoclonal anti-Thy 1.2 (Cedar-
lane; Accurate Chemical & Scientific Corp., West-
bury, N.Y.) was added to a final concentration of 1:20.
Cells were incubated for 60 min at 4°C, washed twice,
suspended in medium containing a 1:10 dilution of
rabbit serum (Low Tox M; Cedarlane; Accurate
Chemical & Scientific Corp.) as a source of comple-
ment, and incubated at 37°C for a further 60 min. The
resulting cells were washed twice and cultured as
described above. Treatment with anti-Thy 1.2 and
complement resulted in 39 and 41% cytotoxicity of the
nucleated spleen cells, respectively, as assessed by
exclusion of trypan blue in the two experiments per-
formed.
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RESULTS
Development of LP responsiveness after immu-

nization. At various intervals after SC immuni-
zation, spleen cells were obtained and tested for
LP reactivity in response to the immunizing
antigen. In all experiments, a wide range of
antigen dose was employed. Figure 1 shows
dose-response data obtained from experiments
in which the peak proliferative response to each
immunizing strain was observed. In most experi-
ments, regardless of the time after immuniza-
tion, the optimal proliferative response was elic-
ited by using antigens diluted to contain 10 to 25
,ug of protein per ml, and data resulting from
stimulation of lymphocytes with 25 p.g of protein
per ml are presented. Responses of BALB/c
mice immunized with Gilliam (Fig. 2A), Karp
(Fig. 2B), or Kato (Fig. 2C) strains of R. tsutsu-
gamushi are shown. Mice demonstrated respon-
siveness (SI 2 3.0) to the immunizing antigen 14
days after immunization regardless of the strain
of rickettsiae used for immunization. Gilliam-
immunized animals demonstrated a peak LP
responsiveness assessed by net cpm relatively
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FIG. 1. Antigen dose response of splenic lympho-
cytes obtained from mice 28 days after Gilliam immu-

nization (0), 42 days after Karp immunization (0), or

49 days after Kato immunization (O). Each point
represents mean net cpm of quadruplicate cultures + 1
standard error obtained from three to five mice.

early after immunization, compared with ani-
mals immunized with Karp or Kato (28 days
versus 42 and 49 days, respectively). Although
the time of peak LP response differed, depend-
ing on the immunization, the magnitude of the
peak was essentially identical in all three groups.
After a sharp peak response, the LP reactivity
declined, but remained demonstrable for 60 days
after immunization. Reactivity to homologous
antigens remained in mice up to 90 days after
immunization, although at relatively low levels
(data not presented). The results presented in
Fig. 2 are from a single representative experi,
ment that employed three to five mice for each
data point. These experiments have been repeat-
ed on two occasions with similar results. In the
experiments presented net cpm rather than SI
were plotted as it was found that control re-
sponses showed a great deal of variability,
which affects the SI. We found that net cpm was
more reproducible from experiment to experi-
ment. In the majority of experiments, spleen
cells from nonimmunized mice were also cul-
tured in the presence of rickettsial antigens.
These data (Table 1) demonstrate that only low
levels of stimulation are noted in cultures of
nonimmune spleen cells. Based on these data,
we arbitrarily defined a positive LP response as
having SI - 3.0, and the cpm are significantly
different (P 5 0.05) than the cpm of control
cultures.
Development of cross-reactivity to heterologous

antigens. Spleen cells from immunized mice also
were tested with antigen preparations prepared
from rickettsiae other than the immunizing
strain to follow the development of lymphocyte
populations responsive to shared or cross-reac-
tive antigens. Mice immunized with Gilliam rick-
ettsiae demonstrated LP reactivity in response
to both Karp and Kato antigens, and this cross-
reactivity peaked at the same time after immuni-
zation as the homologous antigen response (Fig.
3). At the time of maximal homologous antigen
response of Gilliam-immunized mice, the re-
sponse to Karp and Kato antigens was 71 and
52%, respectively, of the Gilliam antigen re-
sponse. This level of cross-reactivity remained
fairly constant throughout the remainder of the
experiment, with the exception of the response
to Kato, which was relatively low at 60 days
after Gilliam immunization. A similar pattern of
cross-reactivity was evident in mice immunized

.1 with Karp rickettsiae, except that the response
to Gilliam antigen was slightly greater (114%)
than the response to homologous Karp antigen
(Fig. 4). Also of note, Karp-immunized mice
demonstrated a higher degree of cross-reactivity
to Kato antigens than did Gilliam-immunized
mice relative to the response to the homologous,
immunizing antigen, although the magnitude of
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FIG. 2. Development of lymphocyte proliferative reactivity to homologous strains of R. tsutsugamushi after
s.c. immunization with 1,000 MLD50 of the appropriate rickettsiae. (A) Responses of Gilliam-immunized
BALB/c mice to Gilliam antigen. (B) Responses of Karp-immunized BALB/c mice to Karp antigen. (C)
Responses of Kato-immunized BALB/c mice to Kato antigen. Each point represents mean net cpm of
quadruplicate cultures + 1 standard error with antigen (25 ,ug of protein per ml) obtained from three to five mice.
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TABLE 1. Lymphocyte proliferative responses of
spleen cells from nonimmunized BALB/c mice to R.

tsutsugamushi antigena
Mean cpm ± SE' Mean SI ± SEb

Antigen source (range) (range)
Gilliam 4,732 ± 851 2.1 ± 0.15

(8,026-2,112) (2.7-1.4)
Karp 2,475 ± 747 1.5 ± 0.18

(5,258-252) (2.5-0.8)
Kato 4,050 ± 471 2.1 ± 0.14

(7,148-2,688) (2.7-1.6)
a The results are from nine experiments.

the response to Kato antigen was similar in both
groups of mice through 35 days after immuniza-
tion. The peak response of Karp-immune mice
to Kato antigen, as well as Gilliam antigen,
occurred at the same time as the peak response
to homologous Karp antigen; also of note, the
magnitude of the Kato response at this time was
nearly twice the maximal response of Gilliam-
immune mice to Kato antigen (48,283 versus
27,803 cpm). When the LP responses of Kato-
immunized mice to heterologous antigens are
examined (Fig. 5), an interesting pattern is not-
ed. Early in the development of responsiveness,
these mice were much more responsive to Gil-
liam antigen than Karp or homologous antigens,
although by 49 days after immunization, when
responsiveness to all three antigens was maxi-
mal, the greatest response was to the immuniz-
ing antigen. At all time points examined, the
response to Gilliam antigen was greater than the
response to Karp antigen and, except at days 42
and 49, was greater than the response to the
immunizin&antigen. At these time points, the
responses to Gilliam antigen were 79 and 89% of
the response to Kato antigen, respectively.

go9
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Previous studies from this laboratory have
demonstrated that s.c. immunization of mice
leads to a protective immunity against homolo-
gous intraperitoneal challenge, which is com-
pletely effective first at 21 to 28 days after
immunization (16). As LP reactivity was rela-
tively low at these times, especially in Kato-
immunized mice, we challenged immunized
mice with 1,000 MLD50 of homologous rickettsi-
ae intraperitoneally and examined LP respon-
siveness to the immunizing rickettsiae and heter-
ologous strains 3 and 7 days after challenge. In
all groups of mice, intraperitoneal challenge with
the homologous rickettsiae prompted a marked
increase in LP reactivity to homologous antigens
and also to heterologous antigens (Table 2).
Generally, the relative responses remained con-
stant, which is due to an apparent proportionate
increase in all responses. Note that even though
the homologous response of Kato-immunized
mice was increased from 8,211 to 32,409 (nearly
fourfold) by intraperitoneal challenge with Kato
rickettsiae, better responses were generated
with Karp and Gilliam antigens. A similar situa-
tion is evident in the other groups examined.

Characterization of responding lymphocytes.
As spleen cells consist of nearly equal propor-
tions of T-lymphocytes and bone marrow-de-
rived lymphocytes (B-lymphocytes), it was of
interest to determine the class of lymphocytes
responding to R. tsutsugamushi antigens. In
initial experiments, a T-lymphocyte-enriched
population of cells was obtained by passage of
spleen cells from Karp-immune mice over nylon
wool columns. As described, these cells consist-
ed of -95% T-lymphocytes based on Thy 1.2
surface antigen and approximately 2% B-lym-
phocytes, based on surface immunoglobulin,
and -1% macrophages, determined by morpho-
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FIG. 3. Development of lymphocyte proliferative reactivity of Gilliam-immunized mice to Gilliam (U), Karp

(0), and Kato (U) antigens. Each point represents mean net cpm of quadruplicate cultures ± 1 standard error
with antigen (25 1Lg of protein per ml) obtained from three to five mice.
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FIG. 4. Development of lymphocyte proliferative reactivity of Karp-immunized mice to Gilliam (), Karp

(O), and Kato (U) antigens. Each point represents mean net cpm of quadruplicate cultures ± 1 standard error
with antigen (25 ,ug of protein per ml) obtained from three to five mice.

logical criteria. Nylon wool-nonadherent lym-
phocytes responded well to the T-lymphocyte
mitogen ConA, but failed to respond to LPS as
well as to Karp antigen (Table 3). When the
nylon wool-nonadherent cells were supplement-
ed with 5% normal SAC, responsiveness to
Karp antigen was noted; and a small amount of
LPS responsiveness also was evident when ad-
herent cells were added. In a second experi-
ment, the nylon wool-nonadherent cells were
reconstituted with 10% peritoneal cells, which
also restored responsiveness as did SAC, but to
a lesser degree. Although responsiveness was
detected in nylon wool-nonadherent cells recon-
stituted with plastic-adherent cells, the response
was less than that noted in unfractionated spleen

cells. To address the possibility that spleen cells
other than T-lymphocytes might be proliferating
in response to these antigens, immune spleen
cells were selectively depleted of T-lymphocytes
by treatment with anti-Thy 1.2 serum and com-
plement. In these experiments (Table 4), Karp-
immune spleen cells, obtained 45 days after
immunization, and normal spleen cells were
tested with Karp antigen after treatment with
complement alone or after treatment with anti-
Thy 1.2 serum and complement. Treatment of
normal and immune spleen cells with anti-Thy
1.2 and complement markedly reduced the re-
sponse of these cells to ConA without a dramatic
decline in LPS response. Depletion of immune
spleen cells of Thy 1.2-bearing lymphocytes
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FIG. 5. Development of lymphocyte proliferative reactivity of Kato-immunized mice to Gilliam (U), Karp

(O), and Kato (U) antigens. Each point represents mean net cpm of quadruplicate cultures + 1 standard error
with antigen (25 ,ug of protein per ml) obtained from three to five mice.
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TABLE 2. Effect of homologous rechallenge on specific lymphocyte responses and cross-reactivity to
heterologous antigens

Immunization' Days after Net cpm'rechallengeb Gilliam Karp Kato

Gilliam 0 32,575 ± 3,234 16,939 ± 2,047 18,242 ± 976
3 126,537 ± 3,082 40,168 ± 4,794 NDd
7 136,544 ± 2,189 70,802 ± 4,323 57,029 ± 6,753

Karp 0 56,527 ± 3,791 47,106 ± 3,649 32,503 ± 4,629
3 108,357 ± 6,274 123,022 ± 5,634 16,943 ± 1,131
7 63,210 ± 3,126 64,794 ± 4,918 43,815 ± 2,982

Kato 0 ND 13,712 ± 2,762 8,211 ± 1,511
3 42,814 ± 5,132 15,240 ± 870 7,352 ± 260
7 50,058 ± 3,604 43,808 ± 1,846 32,409 ± 2,659

a Mice were immunized 28 days before testing with 1,000 MLD50 of indicated organism given s.c.
b Mice were challenged with 1,000 MLD5o of homologous rickettsiae intraperitoneally.
c Mean maximum response ± standard error.
d ND, Not determined.

resulted in nearly complete elimination of re-

sponsiveness to Karp antigen. To ensure that T-
lymphocyte depletion would not simply shift the
antigen optimum, a full dose-response assay was

performed; reactivity to Karp was not detected
at any antigen dose tested (data not shown).
Interestingly, some Gilliam reactivity was still
evident in the T-lymphocyte-depleted cell popu-
lations obtained from immune and normal mice,
but only at the highest doses tested (data not
shown).

DISCUSSION

A number of reports have described the ap-

pearance of lymphocytes after rickettsial infec-
tions responding in culture to the rickettsial
antigens. It has been shown that infection of
humans (5, 14) and experimental animals (17, 18)
results in lymphocytes that are capable of prolif-
erating in response to specific rickettsial anti-
gens, and that this responsiveness is associated
with the development of a CMI. Studies with

TABLE 3. Lymphocyte proliferative responses of nylon wool-passed immune lymphocytes to R.
tsutsugamushi antigen

Responding celisa Stimulant (maximum + SE)" SI

Expt I
Spleen cells ConA 246,876 ± 35,869 70

LPS 40,799 ± 3,361 13
Karp antigen 40,914 ± 2,378 13

Nylon wool passed ConA 257,314 ± 10,277 382.0
LPS 923 ± 240 1.4
Karp antigen 748 ± 338 1.1

Nylon wool passed ConA 279,724 ± 17,170 600.0
+5% SACC LPS 3,542 ± 142 7.6

Karp antigen 11,097 ± 785 23.8

Expt II
Spleen cells ConA 226,017 ± 12,708 50.6

LPS 13,720 ± 2,177 3.0
Karp antigen 53,741 ± 7,010 12.0

Nylon wool passed ConA 240,235 ± 15,450 20.5
LPS 385 ± 50 0.3
Karp antigen 294 ± 65 0.3

Nylon wool passed ConA 220,635 ± 10,702 36.9
+ 10%o PEC' LPS 7,378 + 576 1.2

Karp antigen 12,134 ± 1,408 2.1

aSpleen cells were obtained from mice immunized with 1,000 MLD50 of the Karp strain 45 days before testing
and treated as indicated.

b Results are from quadruplicate cultures.
c SAC were obtained from nonimmunized syngeneic mice.
d PEC, Peritoneal exudate adherent cells obtained from nonimmunized mice.

VOL. 40, 1983
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TABLE 4. Effect of depletion of Thy 1.2 cells on lymphocyte proliferative responses to R. tsutsugamushi
antigens

Responding cells Treatment Stimulant Net CPM (maximum ± SE)' SI

Expt I
Nonimmune None ConA 231,439 ± 2,907 91.0

spleen cells LPS 53,771 ± 1,308 22.0
Karp antigen (25 ,ug/ml) 392 ± 238 1.2

Nonimmune Anti-Thy 1.2 ConA 6,529 ± 201 9.3
spleen cells and complement LPS 23,362 ± 1,207 25.0

Karp antigen (25 p.g/ml) 395 ± 36 1.6
Immune None ConA 266,446 ± 11,715 69.0

spleen cells' LPS 53,884 ± 2,375 15.0
Karp antigen (25 F±g/ml) 15,602 ± 877 5.0

Immune Anti-Thy 1.2 ConA 5,062 ± 883 18.0
spleen cells and complement LPS 25,061 ± 1,340 87.0

Karp antigen (25 p.g/ml) 189 ± 40 1.6

Expt IIF
Immune None ConA 245,212 ± 3,829 69.0

spleen cells LPS 50,490 ± 1,223 15.0
Karp antigen (25 >.g/ml) 22,384 ± 1,173 7.2

Immune Anti-Thy 1.2 ConA 267 ± 100 1.5
spleen cells and complement LPS 12,368 ± 907 24.0

Karp antigen (25 ,ug/ml) 533 ± 94 2.0

a Results are from quadruplicate cultures.
b Spleen cells were obtained from mice immunized with 1,000 MLD50 of the Karp strain 45 days before testing.
Spleen cells were treated twice with anti-Thy 1.2 and complement.

synthetic antigens and haptens have clearly
shown that T-lymphocyte receptor specificity
can be evaluated by examining the proliferation
of specifically sensitized T-lymphocytes, and
this proliferation is thought to be a reliable
reflection of the events leading to the ultimate
expression of CMI (25, 29).

In the present study, we have shown that s.c.
immunization of inbred mice with viable strains
of R. tsutsugamushi results in the appearance of
splenic lymphocytes that respond in culture to
irradiated preparations of the immunizing rick-
ettsiae. This antigen-induced proliferation was

evident early in the course of immunization
regardless of the strain of rickettsiae used. Pre-
vious studies from this laboratory have demon-
strated that s.c. immunization of mice results in
partial protection against rechallenge approxi-
mately 14 days after immunization, and by 21 to
28 days after infection animals are completely
resistant to a second challenge (16). Protective
immunity has been associated with a population
of T-lymphocytes capable of transferring resist-
ance to naive mice (28) as well as the appearance
of a specific delayed-type hypersensitivity re-

sponse (16).
In this study, LP reactivity was first evident

14 days after immunization, which is similar to
the time of appearance of delayed-type hyper-
sensitivity (16). Interestingly, the peak of re-

sponsiveness differed, depending on the strain of
R. tsutsugamushi used for immunization. Immu-

nization with Gilliam rickettsiae resulted in peak
responses at 28 days after immunization, in
contrast to Karp and Kato, with respective peak
responses at 42 and 49 days after infection. The
early development of LP responses in BALB/c
mice immunized with Gilliam rickettsiae may be
related in part to the previously observed genet-
ic resistance of this strain of mice to infection
with the Gilliam strain of rickettsiae (12). In
other model systems of chronic infections, it has
been noted that these infections result in pertur-
bations of the immune response, resulting in a
loss of responsiveness to a number of antigens
(3, 4, 24, 26). It is possible that more severe
infections result from s.c. infection with the
Karp and Kato strains and result in an immuno-
suppression that acts to delay the onset of CMI
as measured by the LP assay or in some manner
acts to limit the expression of LP after interac-
tion with antigen. When the development of LP
responsiveness is compared with the develop-
ment of delayed-type hypersensitivity (16) to
these antigens, it is clear that these responses
develop at different rates and persist for different
periods of time. Whether this is due to different
subsets of T-lymphocytes mediating each re-
sponse or to different regulatory mechanisms is
of fundamental importance, and studies are in
progress to address these questions. It seems
unlikely that an irreversible state of immunosup-
pression exists in these chronically infected
mice, based on their ability to resist rechallenge
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at times when relatively low levels of LP re-
sponses are noted in Karp- and Kato-immunized
mice. It is clear from these studies that LP
responsiveness as a general event correlates
with the development of resistance to challenge
(12, 16), although in all cases the maximal re-
sponse was noted at a time after resistance to
challenge would be observed.
To examine this question further, we infected

mice 28 days after immunization and examined
their LP reactivity 3 and 7 days after the second-
ary challenge. In all cases, the challenge resulted
in a marked boost in LP reactivity (Table 2),
suggesting that these animals were not ham-
pered in their ability to be boosted antigenically.
It also is important to note that mice immunized
and challenged in this fashion routinely survive
the challenge infection (12, 16) and also survived
challenge in these experiments (data not pre-
sented).

Earlier studies suggested that antibody speci-
ficity for various strains of R. tsutsugamushi
varied, depending on the strain of rickettsiae
used to immunize animals, but antisera raised to
a number of strains showed only strain specific-
ity in terms of neutralizing ability (2, 11). In light
of the data generated to date that suggest that
CMI is of primary importance in immunity to R.
tsutsugamushi (16, 20, 21, 28) as well as the
studies that suggest that immunization with a
single strain of R. tsutsugamushi confers broad
group immunity, the possibility is raised that the
T-lymphocyte immune mechanism generated by
infection exhibits different specificities than the
B-lymphocyte antibody, which also arises after
immunization. The data generated in this study
clearly demonstrate a marked degree of cross-
reactivity at the level of the splenic proliferating
lymphocyte. In a recent study (32) it was postu-
lated that macrophage-processed antigens,
which are recognized by immune T-lympho-
cytes, consist of sequestered internal bacterial
antigens as well as surface antigens. It is possi-
ble that a similar situation exists in the rickettsi-
ae, in that T-lymphocyte proliferation is induced
by all antigens after macrophage processing,
whereas antibody is also produced to all anti-
gens, but only surface antigens are detected with
immunofluorescence assays. In some cases, LP
responses to heterologous antigens were as great
or greater than the response to the immunizing
antigen. In the case of animals immunized with
Kato rickettsiae, early responses are striking in
that responses to both Karp and Gilliam antigens
were markedly greater than responses to the
Kato antigen. This may simply reflect poorer
antigenicity of tissue culture-grown Kato, al-
though the same antigen elicited a strong ho-
mologous response late after immunization.
Again, it is intriguing to correlate the level of

responses elicited by the irradiated antigens and
the pathogenicity of the corresponding strains.
The least pathogenic Gilliam rickettsiae provide
the strongest homologous and heterologous re-
sponses when used as an antigen, and the more
pathogenic Karp and Kato rickettsiae provide
lesser stimulation of immune lymphocytes. Fur-
ther studies are required to attempt to answer
these important questions.

It is important to note that the antigen prepa-
ration used in this study consisted of irradiated
intact rickettsiae, and the lymphocyte prolifera-
tion noted was obviously due to stimulation with
numerous antigens. Further studies are required
to determine whether the strains of R. tsutsuga-
mushi truly contain common, cross-reactive
antigens or whether the cross-reactivity is at the
level of the lymphocyte receptor.
Numerous studies have suggested that murine

B-lymphocytes have the ability to proliferate in
culture in response to specific antigenic stimuli
(8, 19, 30). To determine the nature of the
lymphocyte population responding to antigens
of R. tsutsugamushi, immune spleen cells were
treated either to enrich or to deplete T-lympho-
cytes. Nylon wool passage of immune spleen
cells resulted in a population of cells highly
enriched for T-lymphocytes, which responded
well to ConA but failed to respond to the appro-
priate rickettsial antigen. The addition ofSAC or
peritoneal exudate cells both containing 290%
macrophages restored responsiveness to the
rickettsial antigen, but at a somewhat lower
level than that noted in the unfractionated spleen
cell population. As it was possible that a portion
of the responsiveness in the unfractionated
spleen cell population was due to B-lymphocyte
proliferation in response to rickettsial antigen,
we tested a B-lymphocyte population obtained
by treatment with anti-Thy 1.2 serum and com-
plement. Treatment of immune spleen cells to
remove T-lymphocytes reduced homologous
antigen responses to nonreactive levels at opti-
mal antigen doses. It is clear that at least a
portion of the proliferation noted is due to
antigen recognition by immune T-lymphocytes.
The responses clearly are dependent on adher-
ent cells, and their role remains to be elucidated.
The relatively poor responsiveness of nylon
wool-passed cells might be due to an inappropri-
ate number of added adherent cells or to disrup-
tion of adherent cell function due to technical
factors or perhaps to a portion of the antigen
responsive T-lymphocytes remaining on the col-
umn. In a recent study it was demonstrated that
antigen reactive T-lymphocytes could nonspe-
cifically recruit B-lymphocytes to proliferate
(30), and that this B-lymphocyte proliferation
was dependent on T-lymphocyte recognition of
antigen. It is a distinct possibility that a similar
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situation is occurring in the proliferative re-
sponse to R. tsutsugamushi antigens. Attempts
to prepare more representative populations of
accessory macrophages and T-lymphocytes as
well as studies to investigate T-lymphocyte re-

cruitment of other cells are in progress and
should add insight into the fundamental question
concerning the nature of the cell populations
contributing to LP in response to R. tsutsuga-
mushi antigens.
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