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Delayed-type hypersensitivity responses of inbred mice during the course of
lethal and chronic infections with strains of Rickettsia tsutsugamushi were
evaluated by using the influx of radiolabeled cells into antigen-injected ears.
Congenic strains of C3H mice, which previously have been shown to be resistant
(C3H/RYV) or sensitive (C3H/HeDub) to lethal intraperitoneal infection with the
Gilliam strain of rickettsiae, both expressed delayed-type hypersensitivity early in
the course of infection (5 to 7 days). The sensitive C3H/HeDub mice, however,
exhibited a marked decline in reactivity just before death. In contrast, reactivity
of C3H/RYV mice remained high through day 9 and declined slowly through day 15
after infection. Similar results were obtained when BALB/c mice were infected
with either the Karp or the Gilliam strain of rickettsiae, which produce a lethal or
nonlethal infection, respectively, in this strain of mice. Rechallenge of C3H/RV
mice elicited a rapid increase in reactivity, suggesting a secondary memory
response. To analyze delayed-type hypersensitivity during chronic infection,
C3H/HeDub mice were immunized by subcutaneous infection with the Gilliam
strain of R. tsutsugamushi, and both delayed-type hypersensitivity reactivity and
resistance to intraperitoneal challenge were examined. Delayed-type hypersensi-
tivity reactivity developed slowly and peaked at 21 days postimmunization, which
correlated with resistance to intraperitoneal challenge. Delayed-type hypersensi-
tivity reactivity declined thereafter, but resistance to intraperitoneal challenge
remained through 28 days postimmunization. Delayed-type hypersensitivity reac-
tivity increased after secondary challenge at 28 days, again suggesting antigen
memory generated by primary immunization. Transfer of delayed-type hypersen-
sitivity reactivity was accomplished by using immune thymus-derived splenic
lymphocytes isolated with nylon-wool columns. Abrogation of the ability of
immune spleen cells to transfer delayed-type hypersensitivity reactivity after
treatment with anti-Thy 1.2 alloantiserum and complement further supported the
view that delayed-type hypersensitivity responses to scrub typhus rickettsiae
were mediated by thymus-derived lymphocytes.

Cell-mediated immunity (CMI) has been
shown to be a major factor in resistance against
intracellular parasites, including facultative in-
tracellular bacteria such as Listeria monocyto-
genes (14) and obligate intracellular rickettsiae
(11, 26). Specifically, resistance to Rickettsia
tsutsugamushi infection can be transferred pas-
sively by using either unfractionated immune
spleen cells or isolated thymus-derived lympho-
cytes (T-cells) (26). Normal macrophages can be
activated in vitro by soluble products of T-cells
(lymphokines) to become rickettsiacidal in vitro
(20). These results suggest that in vivo mecha-
nisms of immunity to R. tsutsugamushi may
involve the interaction of specifically sensitized
T-cells with rickettsial antigens for production of
lymphokines which activate macrophages to be-
come effector cells.

One manifestation of in vivo interaction of

bacterial antigens with specifically sensitized T-
cells is the delayed-type hypersensitivity (DTH)
response (18), which is measured in the mouse
by footpad swelling (18) or the appearance of
radiolabeled cells (15, 28) at the site of antigen
challenge. These responses are analogous to
dermal DTH responses that traditionally have
been used to assess the presence of CMI re-
sponses in guinea pigs and humans to a variety
of microbial antigens, including those associated
with rickettsiae (29).

This study was designed to assess the devel-
opment of DTH reactivity in inbred mice as a
consequence of experimental scrub typhus in-
fection. The severity of infection was modulated
in two ways: (i) selection of inbred strains of
mice known to be susceptible or resistant geneti-
cally to intraperitoneal (i.p.) infection (10, 12);
and (i) utilization of alternative routes of inocu-
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lation known to elicit either a progressive, lethal
infection (i.p. route) or a chronic, immunizing
infection (subcutaneous [s.c.] route) in suscepti-
ble mice (10). The reaction of mice to rickettsial
antigens was quantified by the influx of radiola-
beled cells to the site of antigen inoculation.
Susceptible C3H/HeDub mice, as well as geneti-
cally resistant C3H/RV mice, initially developed
CMI after i.p. infection, but DTH reactivity in
susceptible mice diminished to undetectable lev-
els in the terminal stages of infection. When
mice were immunized by s.c. infection, DTH
reactivity was observed, and temporal develop-
ment of this response corresponded with protec-
tion against lethal i.p. challenge. Rickettsial
DTH reactivity could be transferred from im-
mune animals to normal syngeneic mice by using

spleen cells, and the immunocompetent subpop-

ulation was characterized as T-lymphocytes,
based on nonadherence to nylon-wool columns
and sensitivity to complement-mediated lysis
with anti-Thy 1.2 alloantiserum.

MATERIALS AND METHODS

Mice. Female C3H/HeDub and BALB/cDub mice
were obtained from Flow Laboratories, Inc. (Dublin,
Va.) and used at the age of 8 to 12 weeks. C3H/RV
mice were a generous gift from R. Jacoby of Yale
University School of Medicine, New Haven, Conn.
They were obtained as a breeding pair and were
subsequently propagated by Flow Laboratories. Ani-
mals were age and sex matched in individual experi-
ments.

Rickettsiae. The Karp strain (52nd egg passage) and
the Gilliam strain (165th egg passage) of R. tsutsuga-
mushi were plaque purified (22) and propagated in
embryonated eggs, and infected yolk sac suspensions
were prepared and stored at —70°C as previously
described (8). Rickettsial titers were expressed as 50%
mouse lethal doses (MLDs,), based on lethality in
C3H/HeDub mice and calculation of the MLDs, by the
method of Spearman and Karber (9).

Antigen preparation. Both strains of rickettsiae were
propagated in irradiated L-929 cell cultures as previ-
ously described (6). The rickettsiae were liberated
from the L.-929 cells by homogenation, and, after
centrifugation at 240 X g for 10 min to remove cell
debris, the rickettsiae were concentrated by centrifu-
gation at 5,000 X g for 60 min. The resulting pellet was
suspended in phsophate-buffered saline, dispensed in
aliquots, and stored at —70°C. Before use as an
antigen, the preparations were exposed to 180 krad of
gamma radiation (*®Co; Gamma cell 220; Atomic Ener-
gy of Canada Ltd., Ottawa, Ontario, Canada), as
previously described (7), which inactivated the rickett-
siae.

DTH testing. DTH was evaluated by the method of
Lefford (15). Briefly, mice were inoculated i.p. with
tritiated thymidine ([*H]Tdr; specific activity, 6.2 Ci/
mM; New England Nuclear Corp., Boston, Mass.) ata
concentration of 1 uCi/g of body weight. After 24 h,
each animal received 25 pl of rickettsial antigen intra-
dermally in the right ear and 25 pl of diluent in the left
ear. After an additional 24 h, the mice were sacrificed

INFECT. IMMUN.

by CO, asphyxiation and a circular tissue specimen
was removed from each ear. After digestion of the
tissue with Protosol (New England Nuclear Corp.),
counts per minute and disintegrations per minute were
obtained by scintillation count (Prias; Packard Instru-
ment Co., Inc., Downers Grove, Ill.). Data were
expressed as ear ratios, calculated by dividing the
disintegrations per minute of the ear receiving antigen
by the disintegrations per minute of the ear receiving
diluent. Optimal antigen concentration was deter-
mined by testing immunized mice and normal mice
with dilutions of each rickettsial stock. The dilution
showing optimal response in immunized mice was
used in all further experiments. In no instance did the
optimal antigen concentration elicit a response greater
than an ear ratio of 1.10 in unimmunized animals, and
most were 1.0 or less. In preliminary studies, immu-
nized C3H/HeDub mice were tested with a preparation
of uninfected L-929 cells homogenized and treated in a
manner identical to that described for antigen prepara-
tion. The cell debris was adjusted to 100 g of protein
per ml and used in testing. This preparation did not
elicit a marked response (1.03 + 0.07). A diluted
suspension of uninfected yolk sac was also tested and
was unreactive in both immune and uninfected mice.
Each lot of antigen was also quantified in terms of total
protein content, using the technique of Lowry et al.
(17). The optimal concentration determined by biologi-
cal activity consistently corresponded to a protein
concentration of approximately 100 ug of total protein
per ml.

Cell transfer studies. Transfer of DTH reactivity by
spleen cells was assessed by the method described by
Youdim et al. (30). Briefly, spleen cells from C3H/
HeDub mice previously immunized by s.c. inoculation
with 1,000 MLDs, of R. tsutsugamushi, strain Gilliam,
or from normal C3H/HeDub mice were obtained as
single-cell suspensions and adjusted to 5 X 107 viable
cells per ml in RPMI 1640 medium supplemented with
50 g of gentamicin per ml, 1% glutamine, 25 mM
HEPES (N-2-hydroxyethylpiperazine-N’-2-ethanesul-
fonic acid) buffer, and 2% fetal bovine serum. Recipi-
ent animals were given 1.0 ml of the cell suspension
intravenously. In further experiments, immune and
normal spleen cells were passed over nylon-wool
columns according to the procedure of Julius et al.
(13). Nonadherent cells were adjusted to 5 X 10’/ml in
RPMI 1640 medium supplemented as described above,
and recipients were given 1.0 ml intravenously. To
deplete lymphocytes with Thy 1.2 surface antigen,
immune spleen cells were adjusted to 10’/ml in RPMI
1640 medium and supplemented as described, except
fetal bovine serum was replaced with 0.3% bovine
serum albumin. To the spleen cell suspensions an
equal amount of anti-Thy 1.2 alloantiserum (Litton
Bionetics, Inc., Kensington, Md.) diluted 1:10 in
media was added, and the mixture was incubated for
60 min at 4°C. After the cells were washed twice, they
were resuspended to the original volume, and rabbit
serum, as a source of complement at a final dilution of
1:10 (Cedarlane; Accurate Chemical & Scientific
Corp., Westbury, N.Y.), was added. The cells were
incubated at 37°C for 30 min, washed once, and
adjusted to 5 x 107 viable cells per ml. Recipients were
inoculated intravenously with 1.0 ml of the resulting
cell suspension. Treatment with anti-Thy 1.2 alloanti-
serum and complement resulted in 39% cytotoxicity of
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the nucleated spleen cells as assessed by exclusion of
trypan blue. In all transfer experiments, animals were
tested for DTH reactivity within 2 h of cell transfer.

RESULTS

Intraperitoneal infection of C3H/HeDub mice
with 1,000 MLD;, of the Gilliam strain of R.
tsutsugamushi results in uniform lethality at 9 to
11 days postinfection (10). When these animals
were assessed for DTH reactivity during the
acute infection (Fig. 1), DTH was evident 3 days
postinfection, peaked on day 5, and declined to
unreactive levels by days 7 to 9. In contrast, the
C3H/RV mice, which are resistant to lethal
infection with this strain (12), showed a maxi-
mum DTH response on day 7 postinfection
which declined through day 15. When C3H/RV
mice were challenged secondarily on day 9 post-
infection with 1,000 MLDs, of Gilliam strain
rickettsiae, a rapid increase in DTH reactivity
occurred, suggesting a secondary memory re-
sponse that persisted during the decline of DTH
reactivity.

The resistant C3H/RV animals developed
DTH reactivity somewhat later than the suscep-
tible C3H/HeDub mice, first appearing on day 5,
but the reactivity declined more slowly. In anal-
ogous experiments, BALB/cDub mice were in-
fected i.p. with either the Gilliam or the Karp
strain, which are nonlethal and lethal, respec-
tively, for this strain of mice. DTH responses
were determined by using homologous rickettsi-
ae as antigens. A similar situation appears in
BALB/c mice, which experience a lethal Karp
infection, as was seen in C3H/HeDub mice
infected with Gilliam (Fig. 2). The DTH reactiv-
ity peaked relatively early (day 7) and dimin-
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FIG. 1. Development of DTH reactivity in C3H/
RV (0———O0) and C3H/HeDub (@6——@) mice
infected i.p. with 1,000 MLDs, of Gilliam strain of R.
tsutsugamushi or C3H/RV mice rechallenged i.p. 9
days postinfection (O----O), and uninfected C3H/He-
Dub mice tested with Gilliam antigen (Xx X).
Each point represents the mean ear ratio of six mice
+1 standard error. Animals were injected in ears with
antigen on the indicated days after primary infection.
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FIG. 2. Development of DTH reactivity in BALB/c
mice infected i.p. with 1,000 MLDs, of Gilliam (O) or
Karp (®) strain of R. tsutsugamushi, and uninfected
BALB/c mice tested with Karp antigen (Xx). Each
point represents the mean ear ratio of six mice *1
standard error. Animals were injected in ears with
antigen on the indicated days after primary infection.

ished as the animals neared death. In BALB/c
mice infected with Gilliam rickettsiae, DTH
reactivity was greatest on day 9 postinfection
and declined by day 11.

Subcutaneous inoculation of mice with scrub
typhus rickettsiae generally produces an immu-
nizing, chronic infection. It was of interest to
assess DTH reactivity associated with this route
of infection and to contrast the development of
DTH in this model system with the reactivity
observed in acute, i.p. infections. DTH reactiv-
ity of C3H/HeDub mice inoculated s.c. with
1,000 MLDs, of Gilliam rickettsiae increased
relatively slowly, peaked at 21 days postinocula-
tion, and declined thereafter (Fig. 3). At the
same time intervals, groups of animals were also
challenged i.p. with 1,000 MLDs, of the Gilliam
strain of rickettsiae. Some protection was evi-
dent at 7 days postimmunization, and resistance
reached maximum levels at 14 to 21 days post-
immunization (Fig. 3). Although all animals
were resistant to i.p. injection of 1,000 MLDs, of
rickettsiae at 28 days, DTH reactivity of these
animals was relatively low. Since the challenge
dose might simply provide a secondary antigenic
boost for DTH, as noted in i.p. infections of
C3H/RV mice, immunized animals were evalu-
ated for DTH reactivity after a secondary rick-
ettsial challenge 28 days after s.c. immunization.
It is apparent (Table 1) that a secondary DTH
response was elicited after the rickettsial chal-
lenge at 28 days, and the response was evident
as early as 3 days postchallenge. In this experi-
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FIG. 3. Development of DTH reactivity
(@———@) and protective immunity (O----O) in C3H/
HeDub mice immunized s.c. with 1,000 MLDs, of
Gilliam strain of R. tsutsugamushi. Each point repre-
sents the mean ear ratio of 12 mice *+1 standard error
or the mean percent survival of groups of 12 mice
challenged i.p. with 1,000 MLDs, Gilliam at the indi-
cated times. Animals were injected in ears with anti-
gen on the indicated days after primary infection.

ment, the residual level of DTH reactivity was
relatively high at 28 days postimmunization, but
secondary rickettsial challenge still elicited a
significant (P < 0.05) increase in the response to
rickettsial antigen.

Time course and specificity of response. To
determine if the observed ear responses fol-
lowed the traditional time course of DTH, ani-
mals that were immunized s.c. 21 days earlier
were tested for DTH reactivity at 1, 6, 24, and 48
h post-ear challenge. The maximal response
occurred 24 h post-antigen injection (Fig. 4), and
responses were still detectable 48 h after antigen
administration. An early response was detected
at 6 h, suggesting a biphasic response. In con-
trast, a low level of reactivity was detectable at 1
h after antigen administration.

Specificity of the DTH response was ad-

TABLE 1. DTH of s.c. immunized mice after
secondary rickettsial challenge®

Days post-secondary challenge Ear ratio®
0 1.59 = 0.07
3 2.05 £ 0.11
7 2.07 = 0.08

4 C3H/HeDub mice were immunized s.c. with 1,000
MLDs, R. tsutsugamushi, strain Gilliam. At 28 days
postimmunization, animals were challenged i.p. with
1,000 MLDs, of R. tsutsugamushi, strain Gilliam.

b Mean +1 standard error of disintegrations per
minute of the experimental ear/disintegrations per
minute of the control ear, obtained from five mice per
experimental group.

INFECT. IMMUN.

Ll

o 78 24 a8
HOURS AFTER EAR CHALLENGE
FIG. 4. Kinetics of influx of radiolabel after anti-
gen challenge of C3H/HeDub mice immunized s.c.
with 1,000 MLDs, of Gilliam strain of R. tsutsugamu-
shi 21 days before testing. Each point represents the
mean ear ratio of five mice +1 standard error.

dressed by testing Gilliam-immune mice with a
preparation of purified Rickertsia typhi which
was adjusted to contain an amount of total
protein equal to the other antigen preparations.
Animals which demonstrated a significant DTH
response to R. tsutsugamushi failed to respond
to R. typhi antigen challenge (Table 2).
Characterization of DTH effector cells. To
characterize more precisely the cells mediating
DTH responses to rickettsial antigens, spleen
cells were obtained from mice immunized s.c.
with viable Gilliam rickettsiae 21 days earlier
and cells were passively transferred to nonim-
mune animals. The administration of immune
spleen cells resulted in a significant (P < 0.05)
DTH response compared with animals which
received nonimmune spleen cells (Table 3). The
effector cells mediating DTH were not adherent
to nylon-wool columns, and treatment of cells
with anti-Thy 1.2 alloantiserum and complement
abolished the ability of cells to transfer DTH.
These data supported the hypothesis that T-
lymphocytes mediated DTH responses.

DISCUSSION

The association of CMI with acquired resist-
ance of mice to experimental scrub typhus infec-
tion has been demonstrated with in vivo and in
vitro techniques (20, 26). In the present study,
we examined DTH, which has been used exten-
sively to monitor the immune status of a host
after natural infection as well as vaccination, as
a parameter of the CMI response occurring after
infection of inbred mice genetically susceptible
or resistant to i.p. infection with the strains of R.
tsutsugamushi.
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TABLE 2. Specificity of DTH responses of mice tested with homologous or unrelated rickettsiae

Challenge antigen® Immunogen® Ear ratio®
R. tsutsugamushi Gilliam None 0.92 + 0.07
R. typhi None 1.05 = 0.04
R. tsutsugamushi Gilliam R. tsutsugamushi Gilliam 1.84 = 0.08
R. typhi R. tsutsugamushi Gilliam 1.16 = 0.04
< Animals were injected in the left ear with 25 pl of the appropriate irradiated rickettsiae adjusted to contain
100 mg of total protein per ml.

5 Mice were tested 21 days after s.c. administration of saline or 1,000 MLDs, of R. tsutsugamushi Gilliam.
© Mean =1 standard error of disintegrations per minute of the experimental ear/disintegrations per minute of

the control ear obtained from five mice per experimental group.

We found that susceptible and resistant ani-
mals responded to i.p. infection, with rapid
development of DTH responsiveness early in
the course of infection. In host-rickettsiae mod-
els that led to lethal infection (C3H/HeDub,
Gilliam; BALB/cDub, Karp), DTH response
was greatest by 5 to 7 days after infection and
then waned rapidly during the terminal stages of
infection. The host-rickettsiae models that led to
a chronic, immunizing infection (C3H/RV, Gil-
liam; BALB/c, Gilliam) resulted in a slightly
delayed maximum response at 7 to 9 days post-
infection, followed by a gradual decline in reac-
tivity. Secondary Gilliam challenge of C3H/RV
mice demonstrated the presence of an anamnes-
tic DTH response. Not only was DTH reactivity
increased, but also the maximum reactivity was
greater than that seen in the initial response. We
are not certain why a lethal infection induces an
early DTH response, but in previous studies (12)
we presented evidence that suggested that the
Gilliam strain replicated freely in the peritoneal
cavity of C3H/HeDub mice, resulting in a large
rickettsial burden. This proliferation could result
in early antigenic stimulation of the immune
system with rapid onset of DTH reactivity. The
mechanism of the terminal unresponsiveness
noted in C3H/HeDub animals also is not clear.
However, suppression of CMI reactivity has
been shown by others to be due to the appear-
ance of suppressor cells which arise during the

course of infection (2, 5, 16, 21, 25). It also has
been demonstrated that infection of mice with R.
tsutsugamushi results in infection of both mac-
rophages and lymphocytes (12), which are im-
portant in the expression of DTH. It is possible
that infection of these cells could hinder antigen
processing and presentation by the macrophages
or expression of DTH by the lymphocytes or
both. We have demonstrated that infection of
susceptible animals results in a marked inflam-
matory response in the peritoneal cavity late in
the infection (12), and it is possible that the
inflammatory response could deplete functional-
ly the circulating monocyte pool, thus giving the
appearance of a decline in DTH reactivity sim-
ply due to shunting of radiolabeled cells to the
peritoneal cavity. The fact that mice immunized
by i.p. infection of C3H/RV mice or s.c. infec-
tion of C3H/HeDub mice respond with a rapid
and heightened DTH response after i.p. chal-
lenge, which generates an inflammatory macro-
phage response in the peritoneal cavity, would
indicate the unlikelihood of this explanation, but
the observed decline of DTH reactivity in these
animals deserves closer study.

In contrast to the findings with i.p. infected
mice, animals given a s.c. immunizing infection
demonstrated a DTH responsiveness which de-
veloped slowly but persisted at detectable levels
for 21 to 28 days. The DTH reactivity was
paralleled by the development of immunity to

TABLE 3. Nature of cell populations mediating passive transfer of DTH to rickettsial antigens

Cells transferred” Ear ratio®
Nonimmune spleen cells. . . ...ttt ittt ettt 0.93 + 0.05
Immune spleen cells® ....... ...t e e e 1.41 + 0.09
NYIon Wool Passed? ... ....uuenitnt ittt ettt et et et 1.59 = 0.15
Immune spleen Cells + C' ...ttt ittt ittt et e 1.30 = 0.06
Immune spleen cells + anti-Thy 1.2 + C' ...t iiiiiieiiinnnnnnns 0.96 = 0.08

¢ Nonimmune C3H/HeDub mice were injected intravenously with various cell populations 2 h before antigen

challenge.

b Mean *+1 standard error of disintegrations per minute of the experimental ear/disintegrations per minute of
the control ear obtained from five mice per experimental group.

¢ Spleen cells were obtained from mice immunized s.c. with R. tsutsugamushi Gilliam 21 days before transfer.

4 Immune spleen cells nonadherent to nylon-wool columns.
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lethal infection that also reached maximal levels
14 to 21 days postinfection. Although DTH
reactivity decreased at 28 days, animals were
completely immune to rechallenge with a lethal
dose of rickettsiae. Since previous work demon-
strated long-lived immunity as a result of s.c.
infection (10), we further investigated the appar-
ent dichotomy noted between resistance to le-
thal infection and decrease in DTH responsive-
ness. In these experiments, i.p. rechallenge
resulted in a rapid increase in DTH reactivity
which was characterized by heightened respon-
siveness as compared with the DTH responses
resulting from the initial infection. These data
suggest that specific memory cells also are gen-
erated during a chronic, immunizing infection,
and that these cells respond to further rickettsial
challenge. As will be discussed, it is possible
that antibody plays a role in the responses
noted, and the possibility of a more complex
explanation for the increase in DTH reactivity
cannot be ruled out in this study.

The presence of innate suppressor cells,
which limit the expression or inhibit the devel-
opment of DTH responsiveness in mice, has
been demonstrated with a number of different
antigen systems (4, §, 21, 27). It is possible that
the continuous presence of rickettsiae may in-
duce suppressor cells that limit DTH reactivity.
In an analogous study, chronic infection of mice
with Brucella was shown to induce a population
of macrophages that suppressed various param-
eters of CMI, but these cells were not implicated
in the pathological process (3, 25). It is possible
that a similar situation occurs in mice infected
s.c. with R. tsutsugamushi, where the continued
presence of rickettsiae could stimulate macro-
phage production of immunosuppressive media-
tors contributing to the decline of reactivity in
the face of continuous antigen stimulation. Fur-
ther, the decline in DTH reactivity may be
influenced by the fact that s.c. infection of mice
results in a persistent, low level of rickettsemia
for as long as 12 months after infection (M. G.
Groves and J. V. Osterman, unpublished data).
It is possible that the circulating rickettsiae are
in the form of antigen-antibody complexes
which are not stimulatory for DTH effector or
memory lymphocytes.

In studies designed to characterize further the
nature of the DTH response elicited by s.c.
immunization, maximal influx of radiolabeled
cells occurred 24 h after antigen challenge and
remained high at 48 h. Also important, DTH
reactivity was noted at 6 h after antigen adminis-
tration, which is indicative of an antibody-medi-
ated event (28), but it is clear that a traditional
DTH or tuberculin-type response occurs. Fur-
ther studies, designed to examine the role of
antibody in the effector arm of the immune
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response to scrub typhus rickettsiae as well as
its role in modulation of this immune response,
are now is progress. In a limited study, we also
assessed the species specificity of the response.
It was shown that R. tsutsugamushi-immune
mice demonstrated a group-specific DTH re-
sponse, and no significant reaction was detected
when these mice were inoculated with R. typhi
antigen. Although we did not address fully the
specificity of the T-cells mediating DTH re-
sponses, studies are in progress that are de-
signed to address the limits of DTH specificity
and further elucidate cross-reactivity among
rickettsial strains.

DTH reactivity to rickettsial antigens appears
to be a good correlate of CMI in terms of its
association with protection against lethal chal-
lenge. In the present study, we have shown by
passive transfer experiments that the cell re-
sponsible for transfer of DTH reactivity is non-
adherent to nylon-wool columns and sensitive to
anti-Thy 1.2 alloantiserum and complement,
which are well-established characteristics of mu-
rine T-cells. Although no direct evidence has
been generated linking the T-lymphocyte medi-
ating DTH reactivity with the T-lymphocyte that
is responsible for immunity in experimental
scrub typhus infections, work in other systems
supports the correlation between the expression
of DTH reactivity and antibacterial immunity (1,
14, 18, 19, 23, 24). The correlation noted in this
study between DTH reactivity and antirickett-
sial immunity, as well as the general applicabil-
ity of this type of evaluation, should allow rapid
and reliable assessment of the CMI status of a
host before receiving experimental scrub typhus
immunogens or after administration of a rickett-
sial vaccine.
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