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INTRODUCTION

It is generally considered that congenital toxoplasma infection of infants occurs
only when their mothers have suffered acute infection with Toxoplasma (T.) gondii
during pregnancy, leading to the birth of infected animals.® It is also reported that the
presence of IgM toxoplasma antibody in a newborn infant indicates congenital toxoplas-
mosis, although in some cases of toxoplasmosis the IgM antibody is absent.”

In previous papers by the authors,™”" the humoral antibodies to toxoplasma in
adult rats were ohserved in IgM alone on the 5th day, in both IgM and IgGG on the 7th
dav, and then in IgG alone from the 28th to the [40th day postinfection. Fetuses and
newborn infants from rats with chronic toxoplasmosis showed titers in IgG alone,
which remained for 3 weeks after hirth, showing a tendency to gradually decrease,
disappearing at 5 weeks.

In order to determine the specific period, during which toxoplasma infection in
mother rats leads to the positive transmission of parasites to newhborn infants, the
authors conducted the present study. This study was also performed in order to de-
termine whether the maternal [gG antibody present in newborn infants from chronically
infected ruts, effects in any way, the antibody responses of the infants to toxoplasma

infection.

11 Presented in Part at the 7é6th Annual Mecting of Veterinary Science, Kagoshima, Kyushu, Japan,
November [5-1¢, 1973,

21 This study was supported by grant No. 53804 from the Scientific Research Fund of the [apanese
Ministry of Education.
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MATERIALS AND METHODS

Toxoplasma-infected rals

A total of 60 adult female rats of the Wistar-Imamichi strain over § weeks of
age were uscd in the experiments. They were inoculated intraperitoneally with
approximately 25 » 107 parasites of the RH strain, obtained from the peritoneal fluid
of mice on the 2nd day of infection.

Toxoplasma parasites were isolated either from tissues which were taken from
the fetuses and the placentas of the mothers, or from pooled samples ol the spleen
and brain of 3 infants, by mouse inoculation.

Antibody titers to toxoplasma were examined hy the dye test and indicrect
immunofluorescent methods.

Experiment 1

Forty-five adult female rats were divided into 4 groups for the st experiment.
In group |, 20 adult rats were examined each week from the 1st, 2nd, 3rd, 4th, 5th,
fth, 7th, gth, 9th, 10th, 12th, 14th and 16th weeks postinfection (p.i). They were
crossed with male rats on the 6th week p.i., and all got pregnant.  Three of them
and their fetuses were examined during pregnancy, immediately before delivery.
The other rats and their newhorn infants were examined on the [st, 3rd, 5th and 7th
weeks after delivery.

In group 2, six adult female ralts were crossed with male rats 4 to 7 days p. 1,
and only two of them got pregnant. These two mother rats and their fetuses were
examined to isolate toxoplasma parasites.

In group 3, eleven adult female rats were crossed with male rats 4 to 7 days
prior to infection. Four of them and their fetuses were examined one week p.i, and
the seven remaining mother rats and their infants were examined periodically to
isolate the parasites.

In group 1, eight female rats were crossed with male rats 14 to 18 davs before
infection with toxoplasma. Four of the eight mother rats and their fetuses were
examined one week p.i., and the rest of the rats and their infants were examined
periodically.  All the infants in group 4 died within 10 days alter birth.

Experiment 2

One to two day old infants from normal and toxoplasma chronically infected

mother rats were infected intraperitoneally with [0° parasites of the RH strain.

They were examined on the 1st, 2nd, 3rd, 5th and 7th weeks p. i1, respectively.

RESULTS

Huemoral anlibedy responses in fetuses and infanis of infecled female rafs

Toxoplasma antibodies used in the dye test and the indirect immunofluorescent
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methods obtained from the rats are shown in Chart 1. In group |, SF dye titers were
shown [rom the Ist to the 16th week p.i. By the indirect immunofluorescent method,
toxoplasma antibodies were observed in hoth TgM and IgG on the |st and 2nd weeks,
and were later observed in Ig(; alone from the 3rd to the 16th week p.i. The fetuses
of mother rats on the 8th weeks p.i1. showed a titer of 1:64 in the dye test and 1:
1000 in the TgG immunofluorescence. The antibody activities of newhorn infants {rom
mother tats in the 9th week p.i. were ohserved in IgG alone, showing a tendency to
decrease gradually until the 5th week.  No titers were detected hy the dye and im-
munofluorescent tests on the 7th wecek after hirth.  Toxoplasma parasites were not
found in any [letuses or the placentas of 10 mother rats examined on the 7th to 8th
week p.i., or in infants from 10 mother rats in the 9th week p.i.

Six adult rats in group 2 were infected with toxoplasma one week hefore cross-
ing, and 2 of them got pregnant. The two pregnant rats and their fetuses were
autopsied on the 3rd week p.i.  Antibody activities in the fetuses, [rom which para-
sites were isolated, were ohserved in the titers of IgG immunofluorescent test and
the dye test on the 37d week p.i, showing no titer of IgM antibody in the serum.

Rats in group 3 were infected with toxoplasma on the Ist week after pregnancy.
Of the 11 female rats and their fetuses, four were examined in the Ist week p.i.
The other seven mother rats and their infants were examined on the Ist to 7th
weeks after birth. Antibody titers in the dye and the IgG tests in mother rats
showed a tendency to increase to the 3rd week p.i., remaining moderately high until
the 7th week p.i. IgM antibody titers were observed in the [st to 3rd weeks p.i,
and then the titer was not again detected until the 7th week p. 1.

Toxoplasma antibodies ol mother rals in group 4, those infected with toxoplasma
in the later stage of pregnancy, appeared rapidly in the IgM immunofluorescent titers
up to the 2nd week p i, and maintained a high activity of the IgG and the dye titer
until the 8th week p. i. The infants from which the parasites were isolated, showed
a titer of 1:64 In the dye and IgG tests one week after birth, although showing no
IgM antibody in the serum. All infants in this group died within [0 days after birth.
Transmission of the parasiies le the feluses and infanls ti groups 1, 2, 3 and 4

Percentages ol the isolation of parasites from fetuses and infants of the toxo-
plasma-infected mother rats are shown in Table |.  In group |, |0 mother rats and
their fetuses and infants from ten other mother rats were examined. No parasites of
toxoplasma were found in any of the fetuses or the placentas in the 10 rats examined
[rom the 7th to the 8th week, nor in infants from the 10 other rats on the 9th week
p.i.

Two of the 6§ mother rats in group 2 were pregnant, and their fetuses were ex-
amined to isolate parasites.  Toxoplusma parasites were isolated from the fetus of one
rat, indicating 30 percent of parasite isolation.
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Table 1. Percentage of the parasite isolation in the fetus and inlants
from the toxoplasma-infected mother rats

Group ] 2 2 4

Pregrancy rats, No. of rats used 20420 276 11711 8/8
No. of fetus per mother rat 10-16 5 10-14 10-14
No. of infants per mother rat 6-12 7-12 315

Jsolation of the Parasiles

No. of isolatzd case, No. of examined

Fetug 0/10 1/2 4/4 4/4

Infants 0710 e 4/4
Percentage of the parasite isolation

IFetus & =16 100 00

Infants g 120 100

Note: As for the examination of the parasile isolation, each 3 fotus or infants were

oaled as a sample.

Fetuses and infants from 1] and $ mother rats in groups 3 and 4, respectively,
were examined. Toxoplasma parasites were isolated from all fetuses and infants in
groups 3 and 4, showing 100 percent parasite isolation.

Antibody responses lo ioxoplasma in newborn iufants

As shown in Chart 2, all infants, | to 2 days alter birth, from normal and toxo-
plasma chronically infected mother rats were inoculated with 10 parasites. In 2]
infants from normal mother rats, toxoplasma [ghM antibody immunofluorescent titers
were first detected in the 2nd week p.i., showing a maximum titer of |:256 in the
3rd week p.i. Thereafter the titers showed a tendency to decrease gradually until the

5th week p.i, showing no titer in the 7th weel p.i.  The dye test and the IgG im-

Group - infection weeks after infection

I Delivery | 2

an

7
Infants {rom chronically

infected mother rats
Antibody titers

SIFT 1:4000 114000 1:14000-256 1:4500-04 1:1000 4
TeM 1:4 li%4 =14 1:4 1:4
TG 121000 1:150C 111000256 1:1008-16 121000-4

Isolated case of Tp/ e L ; "

No. of examine 87 A2 5/5 45 /5
2 Infants from
normal maother rats

Antibody titers
SET it4 1256 111003256 1:4000 1:4000
IgM 1:4 116 11255 64 -4 “<1:4
ToG . 1:4 1256 1+1000 121008 1:4000

Isolated case of Tp/ &7k 575 575 5/5

No. of examine

#*All infants were infected with 103 trophozoites of the RII strain within 2 days after delivery.

Chart 2. Humoral Antibody Responses in Infants from Normal and
Taxoplasma Chronically Infected Mother Rats
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munofluorescent antibody titers showed a tendency Lo increase gradually from the |st
week p.i, maintaining a plateau from the 5th to the 7th weeks p.i.  Toxoplasma
parasites were isolated from all infants until the 7th week p.i.

In infants having maternal lgG antibody from chronically infected mother rats,
with the exception ol a single case which showed a titer of 1:4 on the 3rd week p.i.,
toxoplasma lgM 1mmunofluorescent antibody was not detected at all up to the 7th
weelk p.i.  As for the dye test and the lg(; antibody titers, a tendency to decrease
gradually from the 3vd to the 7th week p i. was ohserved. Toxoplasma parasites
were isolated from all the infants up to the 31d week p i Although parasites were
found in one infant in five on the Hth week p.i, none were found in infants on the

7th week p.i.

DISCUSSION

In normal adult female rats infected with 7. gondii, remarkable increases of toxo-
plasma antibody titers in the dye and IgG immunofluorescent tests were observed in
the acute to chronic phases. Toxoplasma [gM antibody appeared within one week
p.i. in adult rats, and then decreased gradually until the 3rd week p.i. These IgM
and IgG antibody responses to toxoplasma in adult rats, as well as those reported by
other authors,' " indicate that antibodies against toxoplasma, as detected by the indi-
rect immunofluorescent tests, were produced in general response to infection with per-
acute toxoplasmosis or with encysted or chronic toxoplasmosis.

The IgM antibody response in infants from normal mother rats was first detected
in the 2nd week p.i, showing a maximum titer on the 3rd week, and towards a
aradual decrease up to the 5th week p i. There was a clear tendency of delay in
appearance of IgM toxoplasma antibody in newhborn infants as compared with that in
adult female rats

As for the transmission of toxoplasma infection (rom chronically infected rats to
their fetuses and infants, no case of congenital toxoplasmosis was detected in 63 pooled
samples born from mother rats chronically infected with 77 gondii.  Parasites were
isolated in the fetus of one of the 6 mother rats impregnated 4 to 7 days p i. When
mother rats were infected with toxoplugsma during pregnancy, the parasites were trans-
mitted to the fetuses and the infants in 100 percent of the cases. Taking into con-
sideration the present results, it is the authors’ opinion that congenital toxoplasmosis in
infant rats would be induced by the time of toxoplaisma infection, that is the period of
pregnancy.

The present studies were performed on fetuses iz wicro and newhorn infants
collected from rats with chronic toxoplasmosis possessing antibodies of IgG origin,
Only IgG antibody to toxoplasma was demonstrated in the fetuses and infants, from

which no parasites were isolated.  Thus, such infants, when they were infected with
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7. gondii, did not produce any IgM toxoplasma antibody until the 7th week p.i.  Although
the dye and lgG antibody titers showed a tendency to maintain high levels up to the
7th week p.i., these antibodies in some cases decreased gradually from the %rd week
p.i. In consequence, the humoral antibody response in the newhorn infants with
maternal IgG antibody may partially or totally suppress their IgM response to infection.
The maternal 1gG may also totally suppress the survival of toxoplasma parasites in the
infants on the 7th week p.i., at which time no parasites were isolated. However, it
is not known whether the maternal l¢G alone totally prevent proliferation of toxoplasma
in the infants.  Further rescarch is necessary in order to clarify the relationship be-
tween the maternal 1gG and suppressor T-cells in the sensitized lymphocytes concerning

to the cell mediated immunity.

SUMMARY

Humoral antibodies to toxoplasma in adult female rats were produced in IgM in-
itially followed by 1gG in general response to infection with peracute toxoplasmosis
or encysted or chronic toxoplasmosis.  In normal newborn infants there was a clear
tendency of delay in appearance of IgM antibody as compared to adult female rats.
When infants from chronically infected mother rats were infected with 7. gondii, 1gM
antibody was not detected until the 7th week postinfection. In the transmission of
toxoplasma infection from chronically infected rats to their fetuses and infants, no
cases ol congenital toxoplasmosis were detected.  When mother rats were infected
with toxoplasma during pregnancy, the parasiles were transmitted to the fetuses and

infants in 100 percent of the cases.
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