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Abstract. The results of studies on female rabbite with spontaneous toxoplasmosis confirmed that
infeetion is transmitted from the mother to the foetus during a prolonged latent phasoe of toxo-
plasmosis (11.5%, of newborns of 9 litters from 3 females were infeeted). Although infection was not
always present in every litter from the same female, and in all newborns, it could be acquired through
at Jeast. three genorations. Kxeept onee, we never observed either signs of discase or malformations
in the young rabbits. In order Lo complete our investigation, wo tested the possibility of congenital
toxoplasmosis in a female infected orally with mature toxoplasma oocysts; it was covered 6 months
p-i. and gave birth to 8 young of which 4 were damaged congenitally and died. Differences in the
comrse of experimental infection with tissue cyzts and oocysts of T'. gondii in rabbits, and the
possibility of the influence of various factors on the occurrence of spontaneous toxoplasmosis in
breerds of rabbits, are diseussed in the text,

According to the mode of infection, toxoplasmosis in vertebrates has been divided
into two tyvpes, 1.e., the so-called acquired, and congenital toxoplasmosis. Acquired
infection is frequently introduced by oral routes, mostly by ingestion of raw or under-
done meat from animals with spontancous infection harbouring toxoplasma cysts
in their muscles or other organs. This, apparently, is a standard mode of infection of man
(Hubner et al. 1973); it occurs with earnivores and omnivores, and il cannibalism is
involved. In herbivores or grain-fecding animals, however, the problem of infestation
has long been in question.

The diversity of ideas postulated in studies on congenital toxoplasmosis is remarkable.
The problem of persistance of infection in man, and the possibility of congenital transmis-
sion of the infective agent, has divided the research workers into several groups; one
group described congenital transmission in chronic forms, others confirmed specific
malformation or abortion in acute forms, and others, again, inferred that neither acute
nor chronic toxoplasmosis of the mother carried any significance in correlation with
abortion and serological tests, or, possibly, that primary infection with toxoplasmosis in
the mother can be transmitted congenitally to the foetus only once, and that there
is no danger for the subsequent pregnancies, ete. Unfortunately, it is impossible to solve
these problems in experiments with animals, because the anatomy and physiology of
their reproductive organs differ from those of man, and a comparison is impossible.
A similar diversity of ideas exists also with congenital transmission of toxoplasmosis
in animals with experimental infection, because the results differ from species to species.
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The rabbit, a commonly bred domestic animal, ranges among mammals as a species
with the highest rate of infestation. This has been confirmed in surveys on serologically
detected antibody against spontaneous toxoplasmosis. The pereentage of positivity de-
pends on the seroreaction used; in Czechoslovakia, e. g., Kunstyi et al. (1970) demon-
strated by means of the CII' that an average of 63 %, of rabbits from different. breeding
farms was positive. Our findings obtained from 1954—1968 by means of the SFT
showed that, of the 874 rabbits from small-scale breeders, 89 %, were positive. Although
the percentage of positive findings was extremely high, it did not infor that all seropo-
sitive rabbits were toxoplasma carriers. By means of the microprecipitation reaction
in agar gel (MPA) as the indicator of nonsterile immunity, we found a positivity ol 20 9,
in 190 rabbits from different breeders. Tn spite of that, rabbits arc a [mlonl,immlly dan-
gerous source of infection for man, because they are bred and consumed in large num-
bers, especially in the country;in addition, other domestic animals and also wild animals
are infected by ingesting rabbit offals and other raw meat remnants which are generally
thrown on the dung heap.

What are the factors responsible for the high rate of infestation in rabbits / It appears
that one of the major routes of infection ir ingestion of mature toxoplasma vocysts
in fodder polluted by cat facces. The possibility of acquiring infection by contact
seems of little importance; cannibalism is almost nonexistant in rabbits although it may
happen that the males attnck each other and bite off testes or muscles, and the females
devour the foetal membranes after parturition or, sometimes, the newhborns. Transmis-
sion with the mother milk may be possible during the acute stage of toxoplasmosis,
but it is rare in oceurrence. The last possibility is congenital transmission. Several authors
(Wiktor 1950; Lalla et al. 1967; Hartcourt 1967) described epizootologies with
massive mortality of young and adult rabbits, and suguested the possibility of uterine
Lransimission, without exeluding the possibility of a transmission of'tr)\'ophwnm organisms
with the mother milk {Hal'tcourt 1967; Berengo ct al. 1969). The major purpose
of all lahoratory experiments was the assessment of 1he phase during which toxoplasmo-
sis is ransmissible to the progeny (Roth er al. 1957). A recent wmatl\ab]v study is
that by Janitschke et al. (1970) who infected female rabbits with evslogenic strains
of 1. gondii at certain intervals before copulation and during gestation; the foeti were
isolated hy Caesarian seetion and positivity assessed in eulture. The authors abtained
conclusive evidence of the fact that intrauterine transmission of toxoplasma organisms
is possible during pregnancy with an active infection only. At the latent phase, no
positive finding of toxoplasma was obtained from the foeti of fomales inoculated
267—35 days before copulation.

In our =1 lltl_\ we used animals with spontaneous infection only, because results obtai-
nod from animals with artificial infection may be different from those of animals with
spontancous infection. particularly if using strains kept fora long time in the lahoratory.

MATERIAL AND METHODS

Rabbit no, | — Random serological examination of a small breed of rabbits disclosed infection in this
female (MPA-positive), aged approximately 8—9 months. The animal vas taken to the Tustitute
and kept in » wooden eot in an avery undor conditions similar to those in small-scale rabbit breeds
in the country. The femnle was covered 4 times within 15 months by MPA-negative males.
Rabbit no. 1L — The second MPA-positive female. taken from the first litter of rabbit no. T; alzo this
female was covored 4 times within 22 months by MPA-negative malea,

Rabbit no. TI1 — A fomale offspring from the 4th litter of rabbit no. 1I: until the present, this fomale
was covered only once by an MPA.posilive male. Living conditions were identieal for all three
experimental animala,
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I'ne eontrol group consisted of 8 MPA.nogative females; four of thoso (no. 1-—4) were obtained
from breeders; two (no. 5 and 6) were the offsprings of thege females: two (no. 7 and 8) wore offsprings
of rabbit no. I (from negative litters). Breeding conditions were similar to those of the MPA-positive
females, The 8 control females wore covered 13 times, i.c., 10 times hy MPA-negative males, 3 times
by MPA-positive males,

All female rabbits wore testod serologically by means of the MPA and SFT, at least hall a year
before the firsk copulation. MPA-positivity was continuous in the poszilive females, SFT titres ranged
from 1 :256 to 1 :16.000. The MPA was negativo in all fomales of the control group, SFI' titres
ranged from 1 : 4 to 1 : 64, (SF1-negative rabbils are extremely rare in occurrence; the resulls of
long-term examinations of antibody level in the individual animnls disclosed titres ranging from
1:4 to | :64.) Somelimes, examination results were negative, while in the subsequent examination
ol the same animal, the values assessod wero already within tho given range of titves or vieo versa,
It seemed that saveral of these titres were unspeeifie as found also by Jucobs (18656) in cows. In 8] 9
of the 874 rabbits examined we found titrosfrom 1 : 4 to 1 : 64, Also Zastdra (1963) found in immune
sora during saturation of specific antibodies with toxoplasima antigon that, in man, antibodies can
be saturated up to an SFT-negativity, while in animals (several rabbits with spontaneous infection)
titres remained positive (1 : 10).

Blood for serological examination was oblained by cardine puneture tho day before copulation
nnd again on day 21, 45, 90 and 180 after parturition (together with the hlood of the young).

None of the parents was a deseendent of a racially pure line,

All anumals. Le., females and young (excepl the formnales kept. for reproduction and studies on the
young) were killed 6 montha after the onset of the experiment; their brain was injectod to white
mice (for techmigques soe: Hitbner et al. 1069),

The two methods used simultaneously for the serologieal examination of the animals were the
MPA (Habner et al. 1970—with attached corrigenda) and {he SFT (Hitbner et al. 1974).

RESULTS

A. MPA-positive females (Table 1)

Female no. I gave birth to 30 young (four litters). Toxoplasma organisms were found
in two young from the first litter (disclosed by both serological tests and isolation expe-
riments). In the remaining young, the results of isolation experiments and the MPPA
were negative, SFT titres ranged from 1 :4 to 1 : 16.

Female no. 11 delivered 19 young in four litters; of these toxoplasmosis was disclosed
with serological tests in one animal of the second litter and in two animals of the fourth
litter. The strain was isolated [rom onc young of the second litter, and from one of the
two animals from the fourth litter; the second animal of this litter was the female rabbit
no. 111 whieh is still alive. In the remaining animals, the results of the MPA and of iso-
lation experiments were negative, the titres of the SI'T' ranged from 1 :4 to 1:64.
Rahbit no. 111 had produced as yet one litter only with three young, of which two
were negative in hoth MPA and eulture, with an SFT titre of 1:14 — 1:16; the third

Table 1. MPA-positive females

| Fomale no. I Female no. Il Female no. ITI
| 1, :
' j— 7 young-2 positive == —4 young-negative
| ) | 9 young-negative . ) —b young-1 positive 1 littgr_‘]-!i young
 dkSore i—ll voung negative &listers —1 5 young-negative I positive
3 young-negative —35 young-2 positive —
Total 30 young-2 positive 19 young-3 positive 3 young-1 positive

*) = the female giving birth to this litter was covered by a MPA-positive male
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young showed signs of CNS affections, its MPA was positive. This young will be used
in a fmther test.
B. MPA-negative females (Table 2). The 8 females of this group produced a total of
80 young in I3 litters. Females and young were negative in both MPA and eulture,
the SET titres ranged from 1:4 to 1:64.

The average number of newhorns per litter was approximately the same in both
groups, i.e., 5.77 for group A, 6.15 for group B. The percentile occurrence of toxoplasmo-
gis in the young of group A was 11.5 %, in all litters.

Table. 2. Control fomales MPA-negative

| '\ Np.of | No, of young  Results of MPA and isola- |
! | hilters per litter tion experiments
Femnle no, | 2 6.9 | nogative |
Female no, 2 2 6 3 negative [
Female no. 2t 2 T4+ 7% ’ negative |
Fomale no. 4 1 10 negative |
Fermale no, 5 1 b nogative
Fewmale no. 6 1 1*) negative
Female no. 7 3 6 - 6~ 4%), negativo
Foemale no. 8 ‘ | 2 ' negativo -F
Total: ! 13 80 | negutive
) | |

*) — the female giving birth Lo this litter was covered by a MPA-positive male

DISCUSSION

In spite of our limited experimental material, it is clearly indicated by our results
that congenital infeetion is possible in females with a prolonged lalency period of toxo-
plasmosis. Infection is not transmilled to every litter brought forth by one female,
and not to all newborns, but the possibility of congenital infection persists for at least
three genorations. No marked symptoms of infoction were observed in the positive
females and their oflsprings, except for one newborn with signs of damage apparently
of congenital origin. Abortion did not oceur in females of these litlers, which were kept
for breeding. :

It may be suggesled that infection of the young had not been acquired by congenital
transmission, but by the lransport of toxoplasma organisms with the mother milk,
or by contact with the infected mother, or even by ingesting food contaminated with
toxoplasma cocysts. Release of toxoplasma organisms with the mother milk may oceur
only with an infection at its initial or acute stage, when free toxoplasma organisms circu-
late in the body. Blood from female no. I taken three times during gestation and three
times during the first fortnight after parturition was inoculated into mice, but parasi-
taemia could not be demonstrated. This excluded also the possibility of acquiring infec-
tion by contact (facces, urine, saliva). The possibility of the release of toxoplasma orga-
nisms with the urine and cxcrements of rabbits during the acute stage of infection with
7. gondii was tested by one of the present authors, but only standardly negative results
were obtained. We also excluded the possibility of infection by food (fresh grass) conta-
minated with toxoplasma oocysts, because all animals, including those of control group
B, had been fed with food from the same source and, yet, none of the 88 animals of group
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B had acquired infection; also the results of the MPA and cultivation were negative.
These findings support our assnmption that transmission of toxoplasmosis to the young .
of group A was intrauterine and, therefore, this mode of transmission should be consi-
dered in the epizootology of toxoplasmosis in rabbit, and also in the practice, when

- g oy — o mea m a a  —  —— 8 e M, . . e e o, Y

Fig. 1. A 15 day-old yonng with congenital damage.
Fig. 2. A healthy, 15 day-old young from the same litter.

small-scale breeders exchange female rabbits for hreeding purposes. In the latter case,
approximately 50 9% of rabbit infextation with toxoplasmosis (MPA test) may have been
acquired by congenital transmission.

Since there was no explanation of the mode of infection of the other 50 9 of MPA-po-
sitive rabbits, we fed three young female rabbits from our MPA-negative breeds with-
grass contaminated with mature toxoplasma oocygts from the faeces of experimentally
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infected cats. Infection with a small dose analogous to conditions in nature was mani-
fested by signs of malacia, diarrhea and considerable loss of weight in all animals;
high SIPT titres and a positive MPA indicated the presence of acute toxoplasmosis. One
of the animals died shortly afterwards. The course of infection with oocysts was very
different from experimental infection with tissue cysts administered orally; in the latter
case, the presence of infeetion was not signalled by signs of disease. Onc of the females
was covered 6 months after infection and gave birth to 8 young; five of those developed
normally: three were much smaller at birth and looked “exsiccated’: two died within
11 days after birth. Tsolation experiment disclosed toxoplasma organisms in one of them,
but during the second isolation experiment the mice died of concomitant bacterial
infeetion. The third newhorn photographed at the age of 15 days together with the
second, normal newborn (Fig. 1), died two days later and was liquidated during our
abscnee. In one of the 5 normally developing baby-rabbits, a cataract on both cyes was
obscerved at the age of 5 weeks: it continued to grow worse, the animal hecame cachectic
and died at the age of 11 weeks. Material from this animal was not used in isolation ex-
periments on mice. SFT titres of the four remaining newborns ranged from 1 :4 to
1 : 16, MPA was negative. In none of them did we observe signs of dumage. This ex.
periment. indicated that several of the newhorns had acquired toxoplasmosis by con-
genital transmission, with a lethal outecome. Hypothetically, this may offer an expla-
nation of outbreaks and epizooties in rabbits, and the numerous eases of mass mortality
ol newborn rabbits recorded by many small-scale breeders, if we excluded the effeet of
facultative, pathogenic rabbit coccidin of the genus Eimeria. or that of other factors.

The eourse ol inlection acquired from toxoplasma cocysts appears to be more severe
than that. of infection caused by tissuc cysts; also congenital infection may damage
considerably the foetus and, subsequently, the newhorn.

As regards the circulation of toxoplasmosis among animals in the field, it seems
very probable that, in a ecertain percentage of eases, infection may be caused by the
ingestion of toxoplasma oocysts, particularly among herbivores, This suggests that in
the rabbit, this modo of infection may supplement congenitul transmission, or vice
versa. The problem of the likelihood of oocyst: infection in herbivores, i.e., how many
times the cat is capable of releasing toxoplasma oocysts during its span of lifo, and
the pereentage of eats acting as a potential souree of toxoplasmosis, are the subject of
another communication (Hitbner et al. 1974, in press).

In conclusion, we should like to draw attention to the fact that the correlation between
the MPA and isolation experiments was 100 Y%, in all cases. Obviously, the MPA techni-
que employed standardly in veterinary medicine, may also find its way into the gencral
practice to be used, e.g., for the selection of healthy animals for replenishing stocks,
or for the detection of infected animals, particularly in populations bred for laboratory
purposes.
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BPOMRAEHNHASM NEPEJAYA TOKCOILJABMO3A Y JOMANITETO
RPOJITKA

M. ¥Yraaoxova n [l F'wGnep

Peatowe. Peay1ntaTil N3ydcunst CHOHTAHHOTO TOKCOMTABMO3Q Y CAMOK IOMALINCIO KPOJMK:
HOATBEP/IIII, MTO0 WIPEKIHA NePeacTes MATEPLK) B ILIO/, RO BPEMsT 3aTAHYBUISHCH JATeHTHOI
(pazi Torconasmona (11,5 % HOROPORCIULLX AeTeHbLIIEI 113 9 BRIBOJIKOB OT 3 caMOK 0KA3ATNC
sapurcunsivi). e eMorps wa 10, uTO He Beerja y BCOX JICTCHLUMCH B KWCI0M 13 BRIBOJIKOB OT
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OMHON 1 TOH KC caMiN OOHAPY(eHO HAIMEe TOKCOIL143M034, 9T0 3abojieBanne Moker OuITL
nprofipereHo ma NPOT/IAEINNN 110 Kpaitneii Mepe TPEX reaepalmil. Sa MCKITIOMEHNeM OO0
cayuast, Mel He RA0IOATIN HIKAKUX TPH3HAKOR 3a0 01eBaHus WK YPOACTE ¥ MOJOALIX KOPO-
JuikoB. B 3apepuicHne HAIINX MeCTeIOBAHMIT MBI ITOCT ABIIH ONRT 10 RLBICHCHNIO BO3MOMILOCTIE
BPOAKICHHOI0 TORCOIIIA3MO3: ¥ CAMKN, 3aPAsKCHNON UCPC3 POT HOJOBOIPEILIMIL TOKCOTIAAMO-
BGLIMIt OOTIHCTAMN, 6 MecsIen 1mocie 3apamenna caMii a GL1a 01100 TBOpeHa 1t pojuia 8 jletens-
weil, 13 KOTOPHIX 4 ORABAINCH ¢ BPOMICHHRMA TOB peaiemnaMin n nornGum. B crarse paace
H371araloTca OTJIHYNA, DOSHIRKRAIOUINE BO BPEMH 3KCUEP N MUHTIUILhHOTO SAPAKOHNS KPOJIMKOB 1ne-
Tamit i oonnerasit 7. gondii, w BOIMOGRHOCTS WAMANNA PAsHLIX PUKTOPOB HA HAJNYNE ¢NOH-

TAHHOI'O TORCOININ3MO34 B HX NTOTOMCTRE.

REFERENCES

BERENCO A.,, DE LALLA ¥., CAVALLINI-
SAMPIERT L., BECHELLI G., CAVALLI-
NI F., Prevalence of toxoplasmosis among
domestic and wild animals in the area of Sie-
nu, Italy. A serologic and parasitologic

study. Am. .J. trop. Med. Hyg., 18: 391 - 394,

1969,

HARTCOURT R. A., Toxoplasmosis in rabbits.
Vet. Rec., 81: 191—192, 1967.

HUBNER J., UHLIKOVA M., Use of the MPA
method in tha dingnosties of toxoplasmosis. 1.
J.H. E. M. I, 13: 514—520, 1969.

—, —, Uze of the MPA method in the diagnosties
of foxoplusmosis, 11, J. H. E. M. L., 14:
199—506, 1970.

, Use of the MPA method in the diagnostics
of toxoplasmosis. 1L J. M. E. M. L, 17:
T0—84, 1973.

-—, -, Mikromodifikace Sabin-Feldinanova dye
testu  pro  sorodiagnostiku - toxoplasmosy.
Ca. E. M. L. 1971 (in press).

,— Sexudini stadium  prvoka Toxoplasma
gondii o jeho role v epidemiologii a epizooto-
logii toxoplasmosy. J. 1L. 13, M. L. 1974
(in press),

JACOBS 1., Pwersonal communieation 1963
(in: Work K., Toxoplasmosis, Munksgnard
Copenhagen, p. 17, 1971).

JANITSCHKE K., JORREN M. R., Untersu-
chungen tber die Bedeutung der intraute-

Received 21 February 1972,

rinen Ubertengung von l'oxoplasmen fiir
dio Verbreitung der Infektion bei Hauskn-
ninchen, Z, Tropenmed. Parasit., 21: 246—
251. 1970.

KUNSTYR 1., JIRA J., PRINCOVA D,
MIKA J., Survey of Toxeplasma antibodies
in domestic rabbits. Folin parasit. (Praha)
17: 271—280, 1970,

LALLA F. DI, BECHELLI G., CAVALLINI-
SAMPLERT L., Osservazioni su un facolaio
enzootico di toxoplasmosi parasitologica-
mente dimostrata nei conigli dell’area di
Siena, Clin, Vet (Milano), 90: 134—148,
1967,

ROTH W., WERTHEMANN A., HESS R,
Postnatule und intrauterine experimentalle
Infektion des Kaninchens mit cinem abge-
schwiichten Stamm von T'oxoplasma gondit.
Schweiz. Z. allg. Path. 20: 257 280, 1957.

UHLTKOVA M., HUBNER J., Sexual phase of
Toxoplosma  gondii  development and  its
role in epidemiology and epizootelogy of Lo-
xoplasmosis. J. Protozool. 18, Supplement,
45, 1971.

WIKTOR T. J., Toxoplasmose animale. Sur
une epidémie des lapins et des pigeons a Stan-
leyville (Congo Belge). Trop. Dis. Bull. 47:
889, 1950.

ZASTERA M. Personal eommunicabion, 1963
M. U., Institut pro dalsi vzdéldvani lékaiu

o formaceutil, Srobdrova 48, 100 00 Praha 10,
CSSR

231



