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Pathogenicity of Spiroplasma sp. Strain SMCA in Syrian
Hamsters: Clinical, Microbiological, and Histological Aspects
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The intracerebral inoculation of newborn Syrian hamsters with pure cultures
of Spiroplasma sp. strain SMCA caused severe, prolonged disease involving the
central nervous system, culminating in death. The disease was characterized by
spasms, muscular tremors, disturbances in motor control, inability to feed, dra-
matic loss of weight, and runting. The effect was dose related, with the largest
numbers of viable spiroplasmas producing the highest incidence of disease and
death in the shortest period of time. Severe hemorrhaging developed throughout
the brain, liver, and spleen, and spiroplasmas were readily recovered from these
organs, indicating that the agent disseminated from the initial site of infection to
distant host tissues. Newborn animals were susceptible, but adults were resistant;
these findings are similar to those reported for newborn mice and rats. Unlike
mice and rats, hamsters did not develop cataracts visible to the unaided eye. The
histopathological features of eye disease in hamsters were different from those in
rats and were characterized by microophthalmia (especially in runted hamsters)
and abnormal proliferation, disorientation, and disorganization of corneal, lens,
and retinal tissues. The significance of these findings is discussed.

In 1964, Clark reported that newborn rats and
mice inoculated intracerebrally with the suck-
ling mouse cataract agent (SMCA), isolated ini-
tially from a pooled extract of rabbit ticks (Hae-
maphylsalis leporispalustris), produced a high
incidence of bilateral cataract formation, with
an occurrence of central nervous system disease
and occasional death. The agent was filterable
(2, 11), was grown in chicken embryos, could not
be cultivated on standard broth and agar media
(4), and was considered to be a "slow virus" (6).
Electron microscopy studies suggested that
SMCA might be a mycoplasma (15). Subse-
quently, the agent was grown on artificial media;
it was shown to be a helical, cell wall-free pro-
caryote belonging to the class Mollicutes (1) and
related to the plant and insect mycoplasmas
known as spiroplasmas (7, 14; J. G. Tully and R.
F. Whitcomb, in M. P. Starr, H. Stolp, H. G.
Triuper, A. Balow, and H. G. Schegel, ed., The
Prokaryotes, in press). Koch's postulates were
met when Tully et al. (12, 13) inoculated new-
born rats intracerebrally with clone-purified
broth cultures of SMCA and produced typical
cataracts. The histopathological features of cat-
aract disease were reported to be generalized
endophthalnitis with early development of re-
tinitis leading to posterior uveitis (9). The pres-
ent report examines the effect of Spiroplasma
sp. strain SMCA in newborn Syrian hamsters
(H. Kirchhoff, T. Kuwabara, and M. F. Barile,

Zentralbl. Bakteriol. Parasitenkd. Infektionskr.
Hyg. Abt. 1 Orig. Reihe A 241:196, 1978) and
describes the clinical, microbiological, and his-
topathological features of the disease induced.

MATERLALS AND METHODS

Mycoplasmas. Spiroplasma sp. strain SMCA, tri-
ple filter cloned, passage 6, kindly supplied by J. G.
Tully, Bethesda, Md., was grown in Vero monkey
(Cerocopithecus) kidney cell cultures maintained at
36 ± 1°C on 4:1 (vol/vol) SP4 broth medium (13)-
Eagle minimal essential medium. When cytopathic
effects developed (within 5 to 7 days), the culture
fluids were subcultured to additional Vero cell cul-
tures. After the development of cytopathic effects on
second passage, the culture fluids, hereafter denoted
as stock culture, were harvested and stored at -70°C
in vials until used for the study. Spiroplasmas were
enumerated at the time of harvest by the broth dilu-
tion-extinction procedure (i.e., color-changing units
[CCU]/ml) as follows: tenfold serial dilutions of the
stock culture were made in SP4 broth medium con-
taining glucose and phenol red, and the broth dilution
cultures were incubated at 36 ± 10C for 14 days.
Because actively growing spiroplasmas break down
glucose-producing acids, the broth cultures develop a
color change indicating growth. The number of viable
spiroplasmas was determined as the final culture di-
lution in which 1 CCU of growth per ml was observed.
The undiluted stock culture contained 109 CCU/ml.
Spiroplasma sp. strain SMCA grown in SP-4 medium
alone was also used.

Animals. Pregnant Syrian hamsters (Mesocricetus
445
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auratus) and Sprague-Dawley rats were received late
in gestation from the Small Animal Section, National
Institutes of Health, Bethesda, Md., and quarantined
in our animal quarters until they delivered their litters.
Each mother and her litter were kept together in a
separate cage throughout the study.

Pathogenicity studies. Newborn (0- to 3-day-old)
suckling hamsters and newborn rats were examined
concurrently and were inoculated intracerebrally with
0.01 ml of undiluted stock culture or with one of a
series of tenfold serial dilutions of stock culture. The
culture medium used for maintenance of cell cultures
was the diluent. Litters inoculated with diluent or with
spent cell culture medium fluids (or both) served as
the medium controls, and uninoculated litters served
as normal controls. All animals in a given litter were
treated as a group; i.e., they were all inoculated with
the same material or were uninoculated controls.

Isolation studies. Hamsters were sacrificed, and
tissues were removed by aseptic techniques and cul-
tured for spiroplasmas. Fluid exudates expressed from
these tissues (i.e., brain, liver, and spleen) were also
examined directly for helical spiroplasmas by dark-
field microscopy. For culture, small amounts (0.2 to
0.3 g) of tissue were inoculated into SP4 broth; the
cultures were incubated at 36 ± 1°C and observed for
growth periodically for 3 weeks. Broth cultures were
also examined periodically for spiroplasmas by dark-
field microscopy.

Histological studies. The enucleated eyes of ten
uninoculated control and 22 experimentally infected
hamsters with varying severity of disease were proc-
essed for histological examination as follows: eyes were
fixed in 10% neutral Formalin, dehydrated in ethanol,
embedded in glycol-methacrylate, cut into 3- to 5-ltm
sections, stained with hematoxylin-eosin or by the
periodic acid-Shiff reaction, and examined by light
microscopy.

RESULTS
Clinical aspects of disease in newborn

hamsters. Three experiments were performed
by using three separate vials of the same stock
culture stored frozen at -70°C. A total of 26
pregnant mothers bearing 278 newborn ham-
sters were used in these studies; 179 newborn
hamsters were inoculated with undiluted stock
culture or one of a series of tenfold dilutions of
stock culture; 67 were given cell culture fluid
medium alone (medium control group), and 32
were uninoculated and served as normal con-
trols. Animals were observed daily for 8 weeks
for signs of disease. The lethal effect of the
intracerebral inoculation of Spiroplasma sp.
strain SMCA in newborn, suckling hamsters is
summarized in Table 1. The effect was dose
related, and the largest number of spiroplasmas
produced the most severe disease and the high-
est incidence of death in the shortest period of
time; e.g., the undiluted stock culture (contain-
ing 107 CCU of spiroplasmas per 0.01-ml inocu-
lum) produced disease and death in 57 of 61
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(93%) newborn hamsters inoculated, whereas
only 33 of 54 (61%) and 9 of 30 (30%) of the
animals inoculated with a 10' inoculum (106
CCU/0.01 ml) or a 10-2 inoculum (105 CCU/0.01
ml) died. The last dose contained the smallest
number of spiroplasmas that caused death be-
yond that seen among the control groups. In
litter groups inoculated with diluted culture,
some of the animals developed a mild form of
disease and survived. Similar results were ob-
tained with Spiroplasma sp. strain SMCA cul-
tures grown in the SP-4 medium alone, i.e.,
without the use of Vero cell cultures. Spent cell
culture fluids provided results similar to those
with fresh cell culture control fluids. The severe
form of the disease was characterized by spasms,
muscular tremors, disturbances in motor con-
trol, lameness, inability to feed, dramatic weight
loss, runting, and death. Runting was a promi-
nent feature of disease, and affected hamsters
were frequently only one-half the weight of con-
trol animals at 21 days of age (Fig. 1). Unlike
infected rats (Table 2), the infected hamsters
did not produce clinically visible cataracts.

Early death was seen in 15 of 67 (22%) ham-
sters given medium alone and in 6 of 32 (19%) of
the uninoculated controls. Most of the hamsters
found dead early (0 to 2 days of age) were
cannibalized by the mother. Cannibalism was
not seen among rats in this study.

Clinical aspects of disease in newborn
rats. The effect of the intracerebral inoculation
of Spiroplasma sp. strain SMCA in newborn
rats is shown in Table 2. None of the rats inoc-
ulated with medium alone and none of the un-
inoculated rats showed overt signs of disease,
and none died. Death occurred in only 7 of 40

FIG. 1. Runting was a prominent feature of the
hamster disease. Note and compare the size of a

runted animal to a normal animal at 21 days of age.

(18%) rats inoculated with the undiluted (107
CCU/0.01 ml) and in 2 of 22 (9%) rats inoculated
with a 10' dilution (106 CCU/0.01 ml) of stock
culture. However, most of these rats developed
cataracts (Fig. 2b), and this disease was dose

TABLE 2. Intracerebral inoculation ofnewborn rats
with various concentrations ofSpiroplasma sp.

strain SMCAa

No. of ani- No. of ani-
Inoculum No. of lit- No. dead/ mals with
(CCU/0.01 ters exam- no. inocu- cataracts/no.

ml) ined lated (%) inoculated

107 4 7/40 (18) 33/40 (83)
106 3 2/22 (9) 5/22 (23)
105 2 0/21 (0) 0/21 (0)
Medium 2 0/11 (0) 0/11 (0)
Uninoculated 2 0/13 (0) 0/13 (0)

a The culture of Spiroplasm sp. strain SMCA and
the culture dilutions used were the same as those used
for newborn hamsters; studies were done concurrently.
Data presented are the summation of two separate
experiments using 13 litters for a total of 111 newborn
Sprague-Dawley rats (0 to 3 days old) inoculated in-
tracerebrally with 0.01 ml of tenfold dilutions of viable
organisms or medium control.

FIG. 2. Clinically visible cataract formation (b)
was a prominent feature of rat disease (x20). The
normal rat eye (a) is shown for comparison (x12).
Hamster eye disease was not visible to the unaided
eye.
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dependent; i.e., cataracts developed in 33 of 40
(83%) and 5 of 22 (23%) rats inoculated with
undiluted and 10-'-diluted stock cultures, re-
spectively. Thus, hamsters were more suscepti-
ble than rats to the lethal effects of Spiroplasma
sp. strain SMCA, but surviving rats developed
cataracts, whereas hamsters did not produce
visible cataracts. As will be discussed later, the
histopathological features of eye disease were
also different in rats and hamsters.
Detection of Spiroplasma in diseased

hamster tissues. The results of isolation of
spiroplasmas from brain, liver, and spleen tissues
of diseased hamsters are shown in Table 3. Most
animals were examined during the terminal,
moribund stages of disease. In addition to cul-
ture, spiroplasmas were readily detected by di-
rect dark-field examination in fluids expressed
from brain tissues of diseased hamsters; orga-
nisms were usually seen in microcolony forma-
tion (20 to 30 spiroplasmas per aggregated
clump), with one or more clumps per high-pow-
ered (x 1,200) field. The broth culture procedure
was more effective than direct dark-field exam-
ination of expressed fluids in detecting the pres-
ence of spiroplasmas in diseased tissues; cultures
generally contained far greater numbers of or-
ganisms per microscopic field as well. Brain tis-
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sues from 27 of 30 (90%) hamsters inoculated
with undiluted stock culture and a small sam-
pling of brain tissues from hamsters inoculated
with each serial dilution of the stock culture
tested were positive (Table 3). In addition, 10 of
27 (37%) liver tissues and 4 of 9 (44%) spleen
tissues from hamsters inoculated with the undi-
luted culture (and obtained during terminal
stages of disease) were also culture positive.
Thus, Spiroplasma sp. strain SMCA was iso-
lated from brain tissue, the site of inoculation,

TABLE 3. Isolation of Spiroplasma sp. strain
SMCA from tissues of newborn hamsters inoculated

intracerebrally with various concentrations of
organismsa

No. of SMCA-positive tissues/no. ofInoculum hamsters examined (%)b
mIl) Brain Liver Spleen

107 27/30 (90) 10/27 (37) 4/9 (44)
106 3/5 (60) 0/5 (0) 0/5 (0)
Broth controls 0/10 (0) 0/10 (0) 0/10 (0)

a Tissues were obtained for examination from moribund
animals at 7 to 21 days post-inoculation.

b In addition, one brain tissue each examined from hamsters
inoculated with 105, 104, and 103 CCU/0.01 ml of inoculum was
also culture positive; one liver and one spleen tissue each from
these same animals were culture negative.

FIG. 3. Section of whole eye from an uninoculated control hamster at 21 days of age showing intact cornea
(C), iris (I), ciliary epithelium (E), lens (L), and retina (R) (x25).
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during the entire 21-day period of the study, and
SMCA was readily recovered from liver and
spleen tissues during the terminal stages of dis-
ease. Gross, severe hemorrhaging developed
throughout the brain (including areas leading to
the optic nerve), liver, and spleen. Spiroplasmas
were not recovered from the normal tissues of

' *

control animals inoculated with broth medium
alone (Table 3).
Histopathological aspects ofhamster dis-

ease. The structure of normal eyes obtained
from the uninoculated control hamsters at 21
days of age (Fig. 3, 4, and 5) was compared with
the histopathological appearance of the diseased

FIG. 4. Enlarged regions ofthe ciliary epithelium (E) and lens (L) from Fig. 3 showing the normal thickness
of the lens capsule (arrow) and a regular alignment of lens epithelial cells (arrowhead) (x150).
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FIG. 5. Enlarged region of the retina from Fig. 3 showing the normal alignment of retinal layers (x150).
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eyes at 21 days post-inoculation (Fig. 6, 7, and
8). Marked microophthalmia developed in the
runted hamster (Fig. 6). Microophthalmia was
accompanied by several pathological changes in
the eye tissues, characterized by abnormal pro-
liferation, disorganization, and disorientation of
corneal, lens, and retinal cells. Note the exces-
sive amounts of muscle tissue attached to the
affected eye (Fig. 6). The lens fibers appeared
liquified, and the lens epithelium showed
marked abnormal proliferation and hyperplasia
(Fig, 7). Aberrant, calcified undifferentiated cells
and cell debris were seen within the lens capsule.

FIG. 6. Section of whole eye from an inoculated
hamster at 21 days of age demonstrating microoph-
thalmia, irregularly shaped lens (L), proliferation of
ciliary epithelium (E), and disoriented regions of the
retina (R) (x25).
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FIG. 7. Enlarged regions of the cornea (C), lens (L), and ciliary epithelium (E) from Fig. 6, showing
irregularities in corneal epithelium (asterisk), thickened lens capsule with irregular contour (arrow) and
proliferated layers of lens epithelial cells (arrowhead) as well as many unidentified cell products and debris
(x150).
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FIG. 8. Enlarged region of retina from Fig. 6 showing irregular arrangement and a reversed alignment of
retinal layers in some areas (x150).

The lens capsule was thickened and had an

irregular contour. Posterior to the lens, there
was abnormal proliferation of ciliary tissues. The
retinal tissues had undergone dysplasia, and the
normal anatomical structures showed marked
disorientation, exemplified by the development
of abnormal rosette formation of neuronal cells
(Fig. 8). There was also marked disorganization
and disorientation of photoreceptor cells, which
were proliferating in directions opposite to those
normally observed in the healthy hamster eye.

DISCUSSION

Spiroplasma sp. strain SMCA, initially iso-

lated from a pool of rabbit ticks, produces a high
incidence of bilateral cataract formation in new-
born mice (2, 3, 10), in rats and chickens (6), and
in newborn rabbits (Kirchhoff, Heitmann, and
Trautwein, Zentralbl. Bakteriol. Parasitenkd.
Infektionskr. Hyg. Abt. 1 Orig. Reihe A 241:257,
1978). This report shows that strain SMCA pro-

duced a different form of disease in newborn
suckling hamsters; the disease was characterized
primarily by central nervous system involve-
ment, runting, and death. Unlike rats and other
animals, hamsters did not produce visible cata-
racts, but developed microophthalmia and struc-
turally aberrant lenses. The histological features
of the hamster eye disease were characterized as

abnormal proliferation, disorganization, and

disorientation of lens, corneal, and retinal tis-
sues. The histological features of the rat disease
were primarily an endoopthalmitis with cata-
ractous changes secondary to a generalized in-
traocular inflammation, i.e., early signs of retin-
itis leading to posterior uveitis followed by de-
generative events with ultimate repair of dam-
aged tissues (9). Only newborn animals (i.e., rats,
mice, rabbits, chickens, guinea pigs [Kirchhoff,
unpublished observation], and hamsters) are
susceptible; adult animals are resistant (6). The
route of inoculation is important; intracerebral
inoculation produces disease, but all other routes
of inoculation examined fail to produce disease
(4-6). Spiroplasmas are readily recovered from
brain, liver, and spleen tissues of diseased ani-
mals. Development of hydrocephalus has been
reported in rats (8) and hamsters (6). Severe
generalized hemorrhaging can develop through-
out the affected animal.
The disease produced by strain SMCA in new-

born hamsters is different from the disease pro-
duced in newborn rats, but it is similar to the
disease produced by the GT-48 strain of Spiro-
plasma in newborn rats. Strain GT-48 was also
isolated from rabbit ticks, is antigenically similar
to strain SMCA, and produces a fatal, hemor-
rhagic, necrotizing encephalitis in newborn rats;
it does not produce visible cataracts (6). Thus,
the manifestations ofSMCA disease are depend-
ent on the species, strain (5), and age of the
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animal, on the route of inoculation, and on the
strain and passage history (J. G. Tully, personal
communication) of the Spiroplasma culture
used. Factors which govern these differences are
currently under investigation.
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