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Histological examinations of mice infected with either a lethal (Karp) or a self-limitating (Gilliam) strain of
Rickettsia tsutsugamushi were performed. Tingible body macrophages in the spleen and necrotizing lymphad-
enitis in regional lymph nodes were prominent only in the former. Apoptotic legions in the lymphocytes of these
organs were clearly demonstrated by histochemical and electron microscopical examinations.

Scrub typhus, or tsutsugamushi disease, has become an im-
portant febrile illness in both Japan (15) and Korea (5) in
recent years. Because of the vertical transmission of Rickettsia
tsutsugamushi among specific species of trombiculid mites, it
appears that rickettsial strains are reserved within a limited
region (8). Although Karp, Kato, and Gilliam strains have
been used as a set of standard strains for diagnosis and exper-
imental studies, many isolated strains which are distinguishable
from prototype strains both in antigenicity and in virulency
have been identified in each region (24, 26-28). There have
been several death cases reported each year in the northern
part of Japan’s main island of Honshu (1, 17); however, they
have seldom been reported on the island of Kyushu (west of
the main island), although this has been the most prevalent
area for the disease in Japan (19). The latter is associated with
infections by the Kawasaki or Kuroki strain (14, 26).

Disseminated intravascular coagulation (DIC) is a terminal
stage of the clinical course of infections (1, 18). However, the
mechanisms of developing DIC have been obscure. Immuno-
suppression at both humoral and cellular levels has been re-
ported in experimental infections among animals (9, 10). In
addition, histological changes such as increases in white pulp in
the spleen, the prominence of Kupffer cells in the liver, and
fibrous peritonitis have been reported (4). However, these
findings do not appear to be significantly involved in shedding
light on the differences between lethal infections and self-
limiting ones; moreover, findings concerning DIC have not
been detected in our experimental studies (unpublished data).
In the present study, we further analyzed histological changes
in BALB/c mice infected with the lethal Karp strain compared
with the nonlethal Gilliam strain and clarified apoptotic death
of lymphocytes in lethal infections of R. tsutsugamushi.

The Karp and Gilliam strains of R. tsutsugamushi supplied by
the Toyama Prefectural Institute of Public Health were main-
tained by mouse passage as described previously (28). The 50%
lethal dose for BALB/c mice infected intraperitoneally with the
Karp strain was 0.25 ml of spleen homogenate diluted by SPG
solution (3) to 1:10%® (wt/vol) calculated by the method de-
scribed by Reed and Muench (16). Experimental mice (five in
each group) were inoculated intraperitoneally with more than
100 50% lethal doses, i.e., 0.25 ml of 1:10* (wt/vol) spleen
homogenate from previously infected mice 10 to 12 days after
infection. The Gilliam strain is nonlethal to BALB/c mice;
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therefore, experimental mice were infected with 0.25 ml of 1:10
(wt/vol) spleen homogenate from infected nude mice (ICI
strain) also from 10 to 12 days after infection. Control mice
were injected with 0.25 ml of normal spleen homogenate (1:
10). Histological changes were examined at days 7, 14, and 21,
respectively. The examinations were performed only during
the survival period of the lethal infections.

We could not find any specific changes in the preparation of
lung, heart, kidney, adrenal capsula, cervical lymph node, thy-
mus, bone marrow, and brain cells fixed with neutral 10%
Formalin and stained with hematoxylin and eosin in any stage
of each infection group, compared with control mice. Enlarge-
ment of white pulp and infiltrations of neutrophils and plasma
cells into the spleen in each infection group on day 7 were
observed. In the Karp infection group, tingible body macro-
phages, which are large cells with abundant cytoplasm contain-
ing phagocytized debris as described by Valk and Meijer (25),
were prominent in the spleen from the 2nd week, while they
were seldom observed in the group infected with the Gilliam
strain and in the controls. Mononuclear cell infiltrations were
prominent near vessels in the livers of mice infected with either
the Gilliam or the Karp strain from the 1st week of the infec-
tion. Only the more virulent strain caused necrotizing lymph-
adenitis in mesenteric lymph nodes in the 2nd week; i.e., small
round particles heavily stained with hematoxylin were scat-
tered throughout (Fig. 1). No mice infected with the Karp
strain survived until the 3rd week, while no changes in the
organs of Gilliam-infected mice could be detected in the 3rd
week.

Because tingible body macrophages and necrotizing lymph-
adenitis are thought to be evidence of apoptotic lesions (22),
we used a method to detect fragmented nuclei histochemically
using ApopTag (S7100-KIT; Oncor, Inc.) in the 2nd-week
specimens. Briefly, 4-um-thick sections were deparaffinized
and treated with terminal deoxynucleotidyltransferase to add
digoxigenin nucleotides to the 3’ ends of DNA. Then, the
digoxigenin was immunostained with anti-digoxigenin antibody
and peroxidase-labelled secondary antibody. Spleen and mes-
enteric lymph node cells from Karp-infected mice were
strongly stained compared with controls (only a stained prep-
aration of mesenteric lymph node is shown in Fig. 2), while
these changes were not detected in the Gilliam-infected mice.

Details of affected cells in the spleens and mesenteric lymph
nodes were further examined by transmission electron micros-
copy at the 5th and 10th days of infection. Changes in speci-
mens from the 5th day of infection were few, while cells main-
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FIG. 1. (A) Mesenteric lymph node 14 days after Karp infection. Scattered particles, stained strongly with hematoxylin and suggested to be condensed nuclei, are
prominent. (B) Control mesenteric lymph node. Original magnification of hematoxylin and eosin staining, X400.
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FIG. 2. (A) Mesenteric lymph node 14 days after infection. Staining for apoptosis is remarkable in lymphoid cells. (B) Control mesenteric lymph node. Original
magnification of ApopTag staining, X400.
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FIG. 3. Electron micrograph of spleen. (A) Affected lymphocytes on 10th day of Karp infection (arrows). Segmentation of nuclei is observed, but the cytoplasm
maintains its integrity. Bar, 1 wm. Magnification, X7,000. (B) Control. Bar, 1 wm. Magnification, X8,000.

taining integrity in the cytoplasm with a condensed or
fragmented nucleus were easily detected both in the spleens
(Fig. 3) and in the mesenteric lymph nodes (Fig. 4) in only the
Karp-infected mice from the 10th day of infection. These are
ultrastructural changes characteristic of apoptosis (7), and the
affected cells were lymphocytes both in the spleens and in the
mesenteric lymph nodes by the ultrastructures of the cyto-
plasm. Rickettsial bodies could not be found in these affected
cells by this point.

Kikuchi has reported histiocytic necrotizing lymphadenitis
(HNL) observed mainly in cervical lymph nodes in humans
(11). The characteristics of histological features reported by
Kikuchi are quite similar to those of our necrotizing lymphad-
enitis in the mesenteric lymph nodes from mice infected with
highly virulent R. tsutsugamushi. The mesenteric lymph nodes
are regional lymph nodes in our experimental system, i.c.,
intraperitoneal infections, while no change was observed in the
cervical lymph nodes. Furthermore, Liu et al. clearly demon-

iy

strated that apoptotic processes were prominent in HNL (13).
The cause of HNL is not confirmed yet; however, infections
such as those caused by herpes virus (20) and Epstein-Barr
virus (21) have been suspected. Also, evidence of infections by
Toxoplasma gondii (12) or Yersinia enterocolitica (6) were dem-
onstrated in HNL patients. Our report may offer a new view of
the cause of HNL.

In addition, we demonstrate for the first time that prominent
apoptotic changes occur in lymphocytes in the regional lymph
nodes and spleens in rickettsial infections. Apoptotic death is
believed to be an important process in human immunodefi-
ciency virus infection or AIDS (7). It has become clear that
expanded T lymphocytes induced by viral infection are suscep-
tible to apoptotic cell death (2). Enlargement of the white pulp
of the spleen or regional lymph nodes, which suggests prolif-
erative processes, is observed equally for BALB/c mice in-
fected with either the Karp or the Gilliam strain. However,
prominent apoptosis begins only in Karp-infected mice. Strain-

FIG. 4. Electron micrograph of mesenteric lymph node. (A) Affected lymphocyte on 10th day of Karp infection. Condensation of nucleus is prominent. Bar, 1 wm.

Magnification, X17,000. (B) Control. Bar, 1 pm. Magnification, X6,000.



VoL. 64, 1996

specific proteins among R. tsutsugamushi strains were detected
in the 54- to 56-kDa molecular mass range (23); therefore,
these strain-specific regions of the rickettsial body may also be
associated with apoptotic mechanisms. Furthermore, an apo-
ptotic process in lymphocytes may explain immunosuppression
in rickettsial infections; however, it is still unclear whether the
process contributes to the production of DIC.
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