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ABSTRACT: Nodular lesions containing Hepatozoon sp. schizonts or merozoite-gametocytes were
found in the tissues of 67 (96%) of 70 wild-caught martens (Martes melampus) examined in Gifu,
Japan, 1991 and 1992. The heart was the most commonly parasitized organ (96%), followed by
the perirenal adipose tissue (36%); the diaphragm, mesentery, tongue, omentum and perisplenic
adipose tissue generally had a prevalence of 10 to 15%. In the heart, two types of nodular lesions
were differentiated based on developmental stages: nodules containing schizonts and nodules
consisting of an accumulation of phagocytes containing merozoites or gamonts. Under electron

microscopy, mature schizonts contained membrane-bound merozoites with a single nucleus and
small scattered electron-dense cytoplasmic granules in the schizont nodules; the merozoites and
gamonts were engulfed in a phagosome-like vacuole of phagocytes with the nucleus compressed
to one side due to the parasite in the merozoite-gamont nodule.
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INTRODUCTION

Hepatozoonosis has been described in

several families of carnivores, with or

without apparent disease (Keymer, 1971).

Hepatozoon sp. infection in the martens

(Martes melampus) living in Japan has not

been reported in the literature and very

little is known about the biology of the

parasite or the light microscopic features

of the life-cycle stages. In the course of a

survey on wildlife diseases in Gifu, in the

mountainous areas of central Japan, He-

patozoon sp. infections frequently were

observed in wild-caught martens. Our ob-

jective was to describe the histologic fea-

tures of Hepatozoon sp. infection in mar-

tens.

MATERIALS AND METhODS

Formalin-fixed visceral organs of seventy
young adult or adult Japanese martens (14 males,
10 females, 46 sex unknown) were obtained from
hunters. Seventeen martens were collected in
July and August 1991, and another 53 were col-
lected from December 1991 to February 1992.
The animals were captured by trappers in the
mountainous areas of Gifu (36#{176}30’N,136#{176}45’E),
and did not have signs of disease when found
in the traps. A necropsy was performed on each
animal immediately after death. Organs and

tissues, including the liver, spleen, kidneys, ad-
renals, heart, lungs, pancreas, duodenum, ileum,
mesenteric lymph nodes, omentum, diaphragm
and tongue were collected and fixed in 10%
formalin. The peripheral adipose tissue of some
organs such as the spleen or kidneys was in-
cluded whenever possible. The animals were
trapped for their fur; thus the skin and subcutis,
skeletal muscles, brain and eyes were not sam-
pled. The heart was sectioned horizontally in
three regions: atrial, and upper and lower ven-
tricular. Paraffin sections from each organ and

tissue, cut at 5 tim, were stained with hematox-
ylin and eosin (H&E).

Cases negative for Hepatozoon sp. infection
under routine histological section were addi-
tionally examined using serial tissue sections.
Selected sections from hearts including lesions
were stained using the periodic acid-Schiff (PAS),
phosphotungstic acid hematoxylin (PTAH),
Masson trichrome, and Warthin-Starry methods
(Vacca, 1985). Deparaffinized sections of the
heart were subjected to immunohistochemistry
using labeled streptavidin-biotin (LSAB), ac-

coring to the manufacturer’s instructions (Dako
Corporation, Santa Barbara, California, USA).
The peroxidase reaction was initiated using
0.06% diaminonenzidine (Doujin Chemicals,
Kumamoto, Japan) and 0.01% H2O2 (Nakai
Chemicals, Kyoto, Japan). The sections were
counterstained with Mayer’s hematoxylin. The
antibodies used were anti-myoglobin, anti-ly-
sozyme, and anti-vimentin (Dako Corporation).
Samples of formalin-fixed heart were washed in
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FIGURE 1. Gross appearance of a formalin-fixed
heart. Small grayish-white foci (arrow heads) are scat-

tered out on the surface and deep in the heart muscle.
Bar = 4 mm.
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FIGURE 2. X (X) and Y schizont (Y) in a schizont-

stage nodule. A schizont (arrow) is ruptured and is
releasing merozoites. A mild infiltration surrounds the

schizonts. H&E. Bar = 26 �m.
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phosphate buffer, fixed with 2% phosphate buf-
fered glutaraldehyde and 1% osmium tetroxide

(Polyscience Incorporation, Warrington, Penn-
sylvania, USA), and dehydrated in a series of
graded ethanols, and embedded in Epon 812

(Polyscience Incorporation). Ultrathin sections
were cut and double-stained with uranyl acetate

and lead citrate (Reynolds, 1963), and examined
with a H-800 electron microscope (Hitachi Lim-
ited, Tokyo, Japan).

RESULTS

Macroscopically, grayish-white small

foci were scattered on the surface or in the

parenchyma of the heart in six of the 70

martens (Fig. 1).

Histopathologically, 67 (96%) of the 70

martens were infected with Hepatozoon

sp. Schizonts or merozoite-gametocytes

within infected cells were located focally,

and formed nodular lesions in the heart or

other organs. These stages of Hepatozoon

sp. were noted in affected tissue sections.

We observed Hepatozoon sp. in 67 (96%)

of 70 heart samples, 25 (36%) of 70 pen-

renal adipose tissue samples, nine (16%) of

58 diaphragm, 10 (14%) of 68 samples of

mesentery, one of seven tongue samples,

eight (14%) of 57 omentum samples, and

seven (10%) of 70 perisplenic adipose tis-

sue samples. Lower prevalences of infec-

tion were seen in the liver (1.4%; n = 70)

and lung (5.7%; n = 70). Each myocardial

region had a high prevalence (60 to 77%),

and when examined with serial sections,

the incidence increased to 96%. In the sev-

en most severely affected hearts, incidence

of parasitic nodules detected exceeded 10,

and often 100, per histologic section; the

heart of the remaining 60 martens had at

least 10 nodules per section. Other organs

or tissues usually possessed one to several

parasitic nodules per section.

Young schizonts, and X- and Y-like

schizonts were observed (Fig. 2). Sub-

spherical schizonts resembling Y schizonts

had peripherally arranged nuclei in the

schizocyst, while larger spherical schizonts

resembling X schizonts were fully packed

with nuclei, some of which had matured

to merozoites in the schizocyst. Schizonts

were surrounded by a clear parasitophorus

vacuolar space. The X schizonts were dom-

inant, and accumulations of several schiz-

onts in the same or varying developing

stages were observed within one nodule.

The size of nodules containing schizonts
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FIGURE 3. Electron micrograph of a schizont in
a cardiac muscle cell. Membrane-bound merozoites
with a single nucleus and small cytoplasmic granules

are packed in a mature schizont. Bar = 2.2 zm.

ranged from 50 to 400 �sm in diameter.

Most hepatozoon nodules were accompa-

nied by varying degrees of encapsulating

fibrous reaction, but the fibrous reaction

was missing in a few instances. Infected

host cells appeared to be hypertnophic car-

diac muscle cells based on PTAH stain and

immunohistochemica! stains. The infected

cells were stained positively with PTAH

stain, and had a positive reaction for my-

oglobin.

Some nodules contained newly-rup-

tured schizocysts from which many mer-

ozoites were being released. These nodules

were accompanied by a severe focal in-

flammatory infiltration of neutrophils,

macrophages and proteinous fluid exuda-

tion. The most characteristic feature was

the presence of many phagocytes contain-

ing merozoites, and the nuclei of infiltra-

tive cells were karyorrhectic or pyknotic.

Parasite-laden phagocytes also were found

in vascular canals in and around the nod-

ules. After immunostaining against lyso-

zyme, we observed many positive cells in

the nodules. Ultrastructurally, mature

schizonts were packed by focal accumu-

lations of merozoites (Fig. 3). Merozoites

with thick cell membranes were round in

shape and measured approximately 4.7 x

3.0 �m in size, and possessed a single nu-

cleus measuring 2.0 �sm in diameter, as

well as small electron-dense granules, mea-

suring approximately 100 nm in diameter,

in the cytoplasm.

Merozoite-gamont nodules consisted of

an accumulation of phagocytes containing

merozoites or gamonts; merozoites and ga-

monts were difficult to differentiate in

H&E-stained tissue sections (Fig. 4). Nod-

ule size varied considerably but usually

ranged from 100 to 300 �tm in diameter.

Nodules were encapsulated in well-devel-
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FIGURE 5. Electron micrograph of a merozoite-
gamont nodule. Phagocytic cells possess a nucleus
with condensed chromatin and concaved contour
pressed to the one-side due to the presence of a par-

asite. A gamont was in a phagosome-like vacuole (ar-

rows). Bar = 1.1 zm.
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oped fibrous tissue. Among the infected

cells there were varying numbers of fi-

brous tissue components with newly

formed capillaries. We also observed in-

filtration of small numbers of neutrophils,

eosinophils, and lymphocytic cells. Lym-

phocytic and plasmacytic infiltration were

seen at the periphery of some nodules,

while degenerated protozoa-laden phag-

ocytes also were seen in some nodules. Al-

though not frequent, parasite-laden phag-

ocytes were seen in the blood vessels in the

parasitic nodules. The phagocytes and pro-

tozoa stained poorly with H&E, but stain-

ing with PTAH, Warthin-Starry and Mas-

son tnichrome produced more discernible

results. Unlike phagocytes in the schizont

nodules which released merozoites, phag-

ocytes in these nodules were mostly neg-

ative for lysozyme by immunostaining.

Under the electron microscope, phagocy-

TABLE 1. Frequency and developmental stages of
Hepatozoan sp. nodules in organs and tissues of mar-
tens in Japan, 1991 and 1992.

Tissues:

Tongue

(n = 1)
Number of each and dia- Adipose

parasitic nodule Heart phragm tissues

found (n = 67) (n = 9) (n = 50)

Young 62 7 3

Y-type 26 0 6

X-type 13 1 4

Merozoite-releasing 17 1 3

Merozoite-gamont 244 20 85

Total 362 29 101

tized cells had nuclei with condensed chro-

matin and concaved contours pressed to

the periphery of the cell due to the pres-

ence of a parasite. A single parasite, mero-

zoite or gamont, was contained in a phag-

osome-like vacuole (Fig. 5). Parasitized

phagocytes in occasional nodules con-

tamed several rectangular or polygonal

electron-dense granules about 0.7 x 0.7

�m in their cytoplasm.

Nodules of all tissue sections were clas-

sified into these described types. In the

tongue and diaphragm, parasitic nodules

occurred in striated muscle fibers, with

young schizonts and merozoite-gamonts

being dominant. In adipose tissues and

perisplenic connective tissues, various de-

velopmental stages were observed, but the

merozoite-gamont stage was predominant

(Table 1).

DISCUSSION

Infections of Hepatozoon sp. have been

reported in a wide variety of vertebrates.

In the Family Mustellidae, several species

are known to be susceptible to the infection

(Presidente and Karstad, 1971; Novilla et

al., 1980). The high prevalence in martens

in the present study is evidence that the

virulence of this parasite might be low and

that exposure is frequent in the wild, as

occurs among raccoons (Proc yon lotor) in

Texas (USA) (Clark et a!., 1973).

The predilection site of Hepatozoon sp.

infection in the present study was the heart.
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Parasitism of Hepatozoon sp. in the heart

has been described in several carnivores

(Schneider, 1968; Brocklesby, 1971; Davis

et al. , 1978); however, tissue tropism was

thought to be different depending on the

animal species (Clark et al., 1973; Davis et

al., 1978). In our study, schizonts appeared

to occur in the cardiac muscle cell, based

on histological and immunohistological

findings. Schizonts also were observed in

the myofiber of other striated muscles such

as the tongue and diaphragm; however,

the type of host cells in adipose and other

tissues remained unclear in our study.

Many schizont nodules were accompa-

nied by varying degrees of a less intense

fibrous reaction and by a mild foreign body

tissue reaction containing small amounts

of macrophages. In comparison, a marked

inflammatory tissue reaction with neutro-

phils and macrophages was induced in the

merozoite-releasing schizont nodules. Ex-

udation of proteins and infiltration of

phagocytes in and around the nodule

seemed to be a host response to the con-

tents from ruptured schizocysts. At the

same time, a fibrous reaction with angio-

blastic proliferation also was seen in the

nodules. These stages may be important to

the course of the infection because re-

leased merozoites were able to spread eas-

ily to the outside of the nodules, then into

the general circulation. In the histopatho-

logical examination of raccoon tissues,

Clark et al. (1973) reported that schizonts

occurred in myofibers without any appar-

ent inflammation reaction, and the ma-

turing schizonts then became chemotactic

with infiltration of mononuclear inflam-

matory cells.

The most frequently encountered lesion

was the merozoite-gamont nodule. Tissue

reaction of this lesion was characterized

by well-developed granulation tissues with

numerous parasitized phagocytes and

rather thick encapsulation; these findings

are evidence for chronicity. Increased

amounts of collagen fibers and the pres-

ence of seemingly deteriorated parasite-

laden phagocytes in some nodules may be

interpreted as the healing process of the

nodules. However, the confirmed presence

of parasite-laden phagocytes, although seen

rarely, in intra-nodular capillaries is evi-

dence that this type of nodule still is able

to release parasite-laden phagocytes into

the circulation. The parasite-laden phag-

ocytes may consist of either granulocytic

or monocytic series cell populations.
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