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Relatively few primates have been tested for susceptibility to Texeplesma
gondii and those tested have usually shown a high degree of resistance. Negative
results were obtained in the following species, Cercopithecus patas and Papio
sphyne by Levaditi and co-workers in 1929, Cercopithecus sehasus and Papio
doguera by Cowen and Wolf in 1945, Cynocephalus babuin by Levaditi and
Schoen in 1933 and Macacus cynomolgus and Macacus sindcus by Nicolle and
co-workers in 19089 and 1913, No symptoms were produced and no toxoplasmas
found in the tissues by histological examination in the few instances where this
was attempted. Only very small numbers of animals, usually one of each species,
were used in these experiments. Macaca mulalie hasbeen tested more extensively
than the other species (Levaditi and co-workers, 1929; Babin and Olitzky, 1937;
Babin and Ruchman, 1942; Cowen and Wolf, 1945). Levaditi and co-workers
obtained totally negative results in g rhesus monkey inoculated intracerebrally.
Sabin and co-workers produced self-limited febrile reactions associated with
parasitemia and local lesions in M, mulaéfe inoculated by varlous routes. Cowen
and Wolf reported the first fatal infection in a 7-month old rhesus incculated
intracerebrally. Mo evidence of infection was obtained in 8 others except for a
changing serology in 4.

It may be of interest, therefore, to report the high susceptibility to loxo-
plasmosis of 2 spercies of primates native to Panama, the marmoset, Mariking
geaffroyt, and the night monkey, Aotus zonaliz. In both species T, gondif produces
a rapidly progressive fatal infection with parasites abundantly present in moat
of the tissues and organs at the time of death.

MATERIALS AND METHODE

The strain of Teroplasma used was one recently isolated in mice from a spon-
taneous infection in an infant Cebus monkey. It had received two passages in
mice prior to being tested in the marmoset. This strain has been deseribed in
another report (Rodaniche, 1954). Morphologically, in animal pathogenieity,
and in phygielogical propertics it corresponds with strains described by other
authors. In the early mouse passapes the strain showed low virulence for this
rodent, producing only slowly developing chronic infections. After the first pas-
sage in the marmoset, however, the virulence was greatly increased for mice
and acute, rapidly fatal infections were produced.

A total of 31 marmosets and 15 night monkeys was employed in tests of sus-
ceptibility. The marmosets were juvenile or adult animals weighing from 340 to
555 grams. All but 5 showed spontancous infection with microfilariae or tryp-
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anosomes of little or no pathogenicity. Such infections are very common in
marmosets in Panama (Clark, 1931). No difference was observed in the course
of the toxoplasmic infection in those animals free of blood parasites and in those
harboring them. The night monkeys also were juvenile or adult animals, weighing
from 535 to 925 grams. Repeated blood smears revealed microfilariae in one of
the animals. All the others were free of blood parasites,

Inocula consisted of peritoneal fluid or tissue emulsions of infected mice or
monkeys. The infection could be transferred readily from mice to monkeys and
vice versa. Various routes of inoculation were tried. Both marmosets and night
monkeys were tested by the intraperitoneal, intracerebral, intradermal, intra-
nasal, ocular and oral routes. Marmosets alone were tested by the subeutaneous
and intrapleural routes. Rectal temperatures and thick blood films were taken
daily. Animals either were allowed to die spontaneously or were sacrificed when
moribund. A postmortem examination was made of each animal and Giemsa-
stained smears of the hody exudates and viscera examined. In a few instances,
higtologieal sections stained with hematoxylin and eosin also were prepared.

The eourse of the infection in both Mariking and Aofus on the whole was
gimilar. Temperature changes in the marmosets were variable, some animals
showing only a terminal drop in temperature and others one to three days of
fever, usually shortly prior to death. In the night monkey, on the other hand,
fever was a constant feature, temperatures of 104°F. or higher being registered
for 1 to 4 days prior to death. Both marmosets and night monkeys remained
otherwise asymptomatic until about one day prior to death when they became
inappetent, sluggish and tended to maintain a crouching position. Marmosects
sometimes developed a cough shortly prior to death. Thick blood films in both
species became positive for Tozoplasma within 12 to 36 hours of death., The
toxoplasmas were never very numerous in the blood, usually about one to every
2 to 10 fields. Their presence in thick films could be interpreted as indication
of a fatal outeome within 36 hours.

Gross pathological changes in the internal organs depended partly on the
route of inoculation and partly on the duration of the infection. The lungs always
showed some degree of involvement, except after intracerebral inoculation,
varying from congestion to extensive bronchopneumonia. Massive edema of
the lungs was a common finding. Small amounts of pleural fluid were often
present. The spleen was usually enlarged, the liver congested. In marmosets
intraperiftoneal inoculation resulted in the formation of relatively small quantities
of & vellowish rapidly cosgulating peritoneal fluid. In the night monkey 5 1o 10
ml. of fluid was present at the time of death and there were fibrinous adhesions
between the omentum and the viscera. Local changes observed after intradermal
and ocular inoculation will be deseribed in connection with results obfained by
inoculation by these routes. In animals dving of the infection, toxoplasmas were
always found in very large numbers in impression smears of the spleen, liver
and lungs, in smaller numbera in blood, kidneys and mesenterie lymph nodes.
In the other viseers and exudates they were sometimes encountered and some-
times not, being observed at one time or another in smears of the bronehi, trachea,



1028 ENID DE RODANICHE

esophagus, stomach, panereas, bile, urinary bladder, testes, ovary, uterus, hrain,
meninges, peritoneal fluld, urine, ocular and nasal exudates, sputum and on one
pecasion in the milk of a lactating night monkey. There was not much correlation
between the route of inoculation and the postmortem distribution of the para-
sites, except that they were observed in the brain only after intracerebral inocu-
lation, in the peritoneal fluid only after intraperitonesl inoeculation or
subeutanecus inoculation in the inguingl area, in the skin only after intradermal
ingeulation and in the conjunctiva and ocular exudates only after ocular ad-
ministration. Toxoplasmas were never encountered in smears of the feces or
smears or sections of the intestinal muecosa. The protozoons wers usually observed
as plump, actively dividing forms, free or in an intracellular position, single or
in small or medivm-sized clusters. Preudoeysts were encountered only in the
conjunetivae of 2 marmosets inoculated by the ooular route.

A summary of results of the inoeulation of Mardkina geoffropi by various
routes is presented in Table 1 and of Aolus zonalis in Table 2. With the exception
of one Aofus aceidentally destroyed in 3 days, all marmosets and night monkeys
recelving parenteral injections of Terxoplosma suffered a rapidly progressive,
uniformly fatal infection, with these parasites abundantly present in smears of
the various tissues and organs, Death occurred in 3 to 11 days.

Intranasal inoculation, performed by dropping 2 to 5 drops of the incculum
in each nostril, resulted in a fatal toxoplasmic infection in 2 of 3 marmosets in 10
and 11 days respectively. The third marmoset died of intercurrent infection in &
days. Toxoplasmas were not encountersd in tissue smears of this animal, One
of 2 night monkeys similarly inoeulated succumbed to the infection in 13 days,
the other was accidentally killed in one day.

Oral administration, performed by allowing one to two ml, of the inorulum to

TABLE 1

Susceptthility of Marikina g&DEI‘G}’i fo tneculoiion with Toxoplosma by various roudes

; | Mo, Showing

Route af Inaculation |T\.|} " n{rﬂgnkt?a Mo, Dyiog Days of Death | I&::‘flm:;ﬂ

| | Postmortem
Intraperitoneal. .. .. ..., | 4 4 4,5, 5,6 | 4
Intrapleural ... .. ... .. .| 2 2 &, 10 2
Bubentaneous. o v veara ] 4 4 3, 6,8, 10 4
Intrgeemnlral s s ps e Z 2 5, b 2
Intranasal. . 8 3 6,* 10, 11 2
By fn:-cdmg . 3 b 4.4, 10 3
By stomach t.ubc ndmmlst.rmmn _.i 4 2 113 L
Intradermal . R e 3 g et Bl 3
By mai.:tls.tmn mLu Lhe a}e & i 8,9,10,11, 12 i

By ingtillation into the 'l.rﬂ.mﬂsl. 1 i

Total......o.oooeieeiin.. a1 23 ! 2

* Indicates the snimal dying on that day did not ghow toxoplasma in the tissues, death
being due to gecident or intercurrent infection.
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TABLE 2
Sugceplilility of Aotus zonaliz fo inoculation with Toxoplasme by various roufes

| Wo. Shawing

Reute of Ineculation Eug‘ﬂi’;,"{]“ﬁ We. Dhying | Days of Death I:?-.ﬁ?';‘t-‘;ﬂai::

: Pratmertem
Intraperitoneal ... ccooiy oy vnvaion 3 3 |5JE,? A
Intraecrebral ... ... ... . ..., o 2 4, 5 2
Imtramemali=f o gt L 5 2 [1,*%13 1
By stomach tube administration. . . 2 1 | & 1
Infradermal . oo ivai i 4 4 [ 3.* 6, &, 11 3
Conjunetival, ... ... .o L 2 1 i13 1
Tobals oo vanasnyaas] 18 13 ] 11

* Indicates the enimal dying on thet dey did not show toxoplasma in the nissues

run into the mouth from a pipette while the animal was maintained under ether
anesthesia, resulted in death of all 3 marmosets so inoculated in 4, 4, and 10 days
respectively. Toxoplasmas were readily identified in various tissues postmortem.
However, administration of 2 to 4 ml. of the same inorulum by stomach tube
without anesthesia produced infection in only 1 of 4 marmosets and 1 of 2 night
monkeys. These two animals died in 13 and 8 days respectively and showed the
parasites widely distributed throughout their tissues, One marmoset died in 24
hours of other causes. Two marmosets and one night monkey survived through-
out & Z-month observation period. Complement-fization and intradermal
neutralization tests against toxoplasma were conducted with their blooed at 30-
and G0-day intervals with negative results. One of the marmosets and the night
monkey were sacrificed at the end of the 2-month observation period. Toxo-
plasmas were not observed in direct smears or histological sections of their
tissues nor were the parasites recovered by subinoculation of emulsions of brain,
gpleen, kidney and liver fissue in miee. The other marmoset was reinoculated
with Texeplasma by the intraperitoneal route and developed an acute infection
which proved fatal in 4 days indicating that it had developed no imrmunity.

Intradermal injection of (.1 to 0.2 ml, of body fluids or tissue suspensions
containing variable numbers of viable Toroplosma produced an acute infection
in all of 3 marmosets and 3 of 4 night monkeys, with death in 6 to 11 days. The
fourth night monkey was lost to intercurrent infection in 3 days. A raised red
papule developed at the site of inoeulation in 4 days, On the fifth day a central
vesicle filled with nonpurulent fluid was formed. These vesicles rempined small
in the marmoset, but in the night monkey achieved a diameter of 8-12 mm.
Later there was ulceration of the center and scar formation. Moderate numbers
of Toxeplasma were found in the vesicular fluid during life and in the skin and
subcutaneous tissue postmortem. The severity and rapidity of development of
the skin lesions depended directly on the number of Tozoplasma injected, 25 or
fewer organisms producing s minimal reaction in 7 days and 250-25,000
organisms g maximum reaction in the same period.
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Thia Iocal reaction could be neutralized by positive monkey serums in testa
essentially similar to those devised by Sabin and Olitsky (1937), employing the
rabbit as experimental animal. The following technique was employed. Mouse
peritoneal fluid was diluted serially with saline solution to contain from 2,500 to
5,000; 25,000 to 50,000; and 250,000 to S00,000 Toroplesma per ml. To 0.1 ml.
of ench dilution was added 0.1 ml of immune monkey serum. The mixtures were
allowed to remain one hour at room temperature. Then 0.1 ml. of each dilution
was injected intradermally in the shaved abdominal skin of paired marmosets.
Ag g control, serial dilutions of Tozoplosma were similarly combined with nega-
tive monkey serums and injected. Failure to develop a papule 6 mm. or more in
diasmeter with necrotie center within 6 to 8 days of inoculation was interpreted
a3 a positive reaction, provided typieal lesions were observed in the control sites.

Intravaginal inoculation in one marmoset failed to produce infection. One ml.
of & heavily infected monkey liver suspension was introduced into the vagina
without trauma with & blunt pipette. The animal survived throughout a 12-week
observation period when it was sacrificed. Dircet smears, histological sections
and subinoculations into mice of brain, spleen, liver, lung and kidney tissue
failed to reveal the parasites. Toroplasma were not observed in scrapings of the
vaginal or uterine mucosa or impression smears of the ovaries.

Ocular inoculation proved to be of especizl interest. Five marmosets and 2
night monkeys were inoculated by dropping 1 to 4 drops of the inoculum in the
eyes under ether anaesthesia while gently manipulating the lids with gloved
fingerz. This route of incenlation produced an acute fatal infeetion in all 5 of the
marmozets with death in & to 12 days, and in one of the 2 night monkeys which
died in 13 days. In the marmosets, edema of the face was noted one or two days
prior to death and a watery exudate filled the eyes. About one day prior to death
the blood smears became positive and Tozoplasma were present in the ocular
exudates and nasal secretions. A persistent cough was noted. Postmortem, the
lungs showed the most severe changes. Toxoplosma were identified in large
numbers in smears of the conjunctiva, liver, lung and spleen and in lesser numbers
in the edema fluid present in the subeutaneous tissue of the face, in the nasal
exudates, trachea, kidney and mesenterie lymph nodes. The Tozeplasma in
smears of the conjunctivae were found free, in small intracellular groups and in
two instances in large pseudocysts, the only oceasions when pseudocyst formation
was observed in Marikina. In the night monkey which suecumbed to the infection
there was slight opacity of the cornea, but no edema of the face or exudation of
the eyes was observed. There was a bronchopneumonia involving all lobes of the
lung with water-logging. Toroplasma were relatively scarce in smears of the
conjunctivae, but extremely abundant in smears of liver, lung and spleen. They
were present also in throat and naszal swabbings. No Tozoplasma were found in
smears of the brains of any of these monkeys.

DISCTISETI0N

The marmoset, Marikina geoffroyl, and the night monkey, Aofus zonalis,
should prove useful experimental animals in the investigation of the numerous
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unsolved problems in the field of toxoplasmaosis. Both species are highly suscep-
tible and develop an acute fatal infection after inoculation by a number of routes.
Mo evidenece has as vet heen obtained of a chironic form of the disease in Mariking
or Aotus, at least with the strain employed here.

Of especial interest is the susceptibility of these monkeys to infection by feed-
ing or by instillation of the inoculum into the eyes or nose without trauma. The
Tozoplasma are capable of direct invasion of the conjunctiva where they multiply
and from which they spread producing a generalized infection and death, The
marmoset, is more highly suzeeptible to this route than the night monkey. This
finding suggests the possibility that the eye may be a natural portal of entry of
the disease. Local multiplication in the nasal mucosa was not noted after imtra-
nasal instillation of the inoculum. Infection by feeding is probably effected
through the upper respiratory tract as only 2 of 6 monkeys showed evidence of
infection after feeding by stomach tube, Irregular results by stomach tube ad-
ministration were also obtained in rabbits by Wolf, Cowen and Paige (1940)
and in guinea pigs by Kosar and co-workers (1952).

Our failure to infect one marmoset by a single intravaginal instillation of
Tozoplasma obviously has a limited significance. Cowen and Wolf (1950) suc-
ceeded in infecting pregnant mice by repeated intravaginal instillations, The
effect of repeated instillations in & large number of marmosets in various physi-
ological states remains to be ascertained. Toroplasme are commonly found in
amears of the uterine mueosa of both night monkeys and marmosets dying of
the disease although not in such large numbers as in other organs.

Preliminary experimentation according to the technique deseribed indicates
that the local reaction provoked by the intradermal injection of Toeroplasmae
may be neutralized by immune monkey serum. Further standardization 1s re-
quired before results with human serums can be interpreted aceurately. Marikina
and Aotus should prove superior to the rabbit as experimental animals for this
type of reaction because resistance to infection in these animals in nature must
be rare, if it oceurs at all. To date we have used a total of 60 marmosets and night
monkeys without encountering a single immune one.

CONCLUSIONG

The marmoset, Marikina geoffroyi, and the night monkey, Aotus zonalis, are
highly susceptible to experimental infection with Texoplasma gondii. They
uniformly develop acute fatal infections after inoeulation by a wide variety of
routes,
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