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Comparative effects of cotrimoxazole (trimethoprim-
sulphamethoxazole) and spiramycin in pregnant mice
infected with Toxoplasma gondii (Beverley strain)
B.T. Nguyen & S. Stadtsbaeder

Service de Microbiologie, Cliniques Universitaires Saint-Luc, 10/1752, Universit6 Catholique de Louvain, 1200
Brussels, Belgium

1 The effects of cotrimoxazole (CTX) and spiramycin (Spir) in mice infected in midpregnancy with
the Beverley (Bev) strain of'Toxoplasma gondii were compared.
2 Therapeutic effectiveness was determined according to the following parameters: rate of successful
delivery, litter size, offspring weight and survival.
3 When compared with the uninfected untreated control group, CTX showed a more beneficial
therapeutic effect than Spir, with a statistically significant increase in the rate of both successful
delivery and offspring survival.
4 Results based on antitoxoplasma antibody determinations in the offspring indicated a better in
utero control of congenital infection by CTX than by Spir.

Introduction

Chemotherapeutic agents currently in use for treat-
ment of toxoplasmosis in pregnant women still give
unsatisfactory results. Although very effective against
Toxoplasma gondii, the pyrimethamine-sulphonamide
combinations are normally contra-indicated during
pregnancy because of toxicity and potential
teratogenic effects. On the other hand, the safer
macrolide antibiotic spiramycin (Spir) does not readi-
ly cross the placental barrier (Garin et al., 1968) and
therefore may not be effective in treatment of foetuses
infected in utero (Desmonts & Couvreur, 1979).

In previous studies, we have demonstrated that
cotrimoxazole/trimethoprim-sulphamethoxazole, (C`X)
was very effective -against T. gondii trophozoites both
in vitro in cell cultures (Nguyen & Stadtsbaeder, 1975;
1978; Nguyen et al., 1978) and in vivo in nonpregnant
adult mice (Stadtsbaeder & Calvin-Preval, 1973;
Nguyen& Stadtsbaeder, 1983b). Despite its antifolate
property (Bushby & Hitchings, 1968), the low toxicity
of CTX for humans as compared with that of the
pyrimethamine-sulphonamide combinations (Frisch,
1973) suggests its possible use in pregnancy (Nguyen &
Stadtsbaeder, 1983a).
There have been no experimental reports dealing

with the effectiveness of CTX upon toxoplasmosis in
pregnant animals. The present study was designed to
compare the antitoxoplasm effects of CTX with that

of Spir in female mice infected in midpregnancy with
the Beverley (Bev) strain of T. gondii.

Methods

Virgin NMRI female mice (25 ± 2 g, 8 to 10 weeks of
age from the Animalerie centrale de l'Universite
Catholique de Louvain, 1200 Brussels, Belgium) were
caged in groups of two with a male for 3 days. After
this period of time, the males were removed; all the
females were pooled, then randomly separated into
groups of two.

Subcutaneous inoculation ofbrain cysts of T. gondii
was performed 5 days after male removal. Mainten-
ance of the Bev strain of Toxoplasma and inoculation
technique have been described elsewhere (Stadts-
baeder et al., 1975; Nguyen & Stadtsbaeder, 1983b).
Briefly, brains from chronically infected mice were
homogenized in saline (1 brain/5 ml). Smears were
made to determine the presence of Toxoplasma cysts.
A volume of 0.5 ml of the brain emulsion was injected
subcutaneously in the dorsal area of each test mouse.
By previous experience, this inoculum is known to
produce a chronic toxoplasma infection in the strain of
mice used in the present study (Nguyen & Stadts-
baeder, 1983b).
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Treatment with CTX or with Spir was started 5 days
after Toxoplasma inoculation. The drugs were incor-
porated as previously described (Nguyen & Stadts-
baeder, 1983b) in drinking water at concentrations of
9.6 mg ml-' for CTX and IO mg ml-' for Spir. Treat-
ment was maintained until the pregnant mice de-
livered. The volume of water consumed by each
treated group was recorded every 2 days. Groups with
a level of consumption below the normal range (2 to
3 ml per day/mouse) were not taken into consideration
for calculation of the results.
One day after their birth, offspring born to infected

mothers were caged with uninfected mothers to avoid
possible transmission of toxoplasmosis via lactation.
Survival of the offspring was evaluated every 2 days
for 5 months.

Statistically significant differences in delivery and
survival rates between test and untreated, unin-
oculated control groups were calculated by chi-
squared analysis with Yates's correction for contin-
uity. All the other parameters (litter size, weight and
antibody titers) were compared by Student's t test. In
all cases, a value of P< 0.01 (two-tailed) was chosen
as the level of significance.

Results

The time intervals for Bev inoculation and initiation of
treatment were selected as 8 days after male removal
and 5 days after inoculation respectively on the basis
of results obtained from preliminary experiments, in
which the most significant effects were observed at
these two times. The results are presented in Table 1.

In the uninoculated, untreated control group de-
livery occurred in 25/28 ofthe mated female mice after
a gestational period of21 to 24 days. The average litter
size was 10.68 ± 0.31 offspring. All of the offspring
survived at 5 months; they reached at that time a mean
individual weight of 28.81 ± 0.26g.

Similar results were obtained in the uninoculated
but treated groups regardless of whether they had
received CTX or Spir throughout the gestational
period, which suggests that the dosages ofneither drug
had any side effect on pregancy in the present ex-
perimental mouse model.

Abnormalities due to Bev inoculation were obvious
in the absence of any treatment. Indeed, deliveries
occurred in only 8/28 (X2 = 18.889, P <0.001) of the
mated untreated female mice. The mean litter size was
reduced to 6.25 ± 1.25 offspring (t = 3.43, P<0.01)
with a final survival rate of 20/50 (x2 = 170.012,
P<0.001). The mean individual weight of the off-
spring at 5 months was 21.43 ± 1.37 grams (t = 5.27,
P <0.01). Furthermore, maternal survival during the
gestational period was significantly reduced
(X2 = 7.146, P <0.01) in this group of animals; the
rate of mortality reached approximately 30%.

In the group of inoculated mice treated with CTX,
successful delivery was observed in 24/28 mated
female mice (X2 = 0.00, not significant, NS). The mean
litter size was 1.13 ± 0.41 offspring (t = 0.87, NS).
The final survival rate of the offspring at 5 months was
261/267 (X2 = 4.214, P <0.05). There were no signifi-
cant differences in offspring weight or mother survival
as compared with control uninfected pregnant mice.
Under the same experimental conditions, treatment

with Spir was significantly less effective than with

Table 1 Comparative effects of cotrimoxazole (CTX) and spiramycin (Spir) in female mice inoculated in
midpregnancy with brain cysts of Toxoplasma gondii (Bev strain)

Treatment Time Deliveryc Litter
intervalb sized

Offspring
survival'

Offspring Mother
weight' survivals

Uninoculated Untreated
CTX
SPIR

5-8 days
after mating

Untreated
CTX
SPIR

nil 25/28 10.68 ± 0.31
nil 26/28 11.04 ± 0.26
nil 25/28 10.04 ± 0.31

nil 8/28*
5 24/28
5 15/28+

6.25 ± 1.25+
11.13 ± 0.41
8.73 ± 0.77

aMice were inoculated subcutaneously with brain cysts of Bev Toxoplasma gondii at 5 to 8 days after mating.
bTreatment with CTX or with Spir was started at the indicated time interval (days) after toxoplasma inoculation.
CDelivered pregnant mice/total mated mice.
dMean number of offspring per litter + s.e., at delivery.
'Survivors at 5 months/total born offspring.
'Mean ± s.e. of offspring weight (g) determined at 5 months after delivery.
8Survivors at the time of delivery/total mated female mice.
P< 0.05 (two-tailed) from the uninoculated, untreated control.

+ P<0.01, as above.
*P<0.001, as above.

Toxoplasma
inoculationa

267/267
287/287
251/251
20/ 50*

261/267t
120/131 *

28.81 ± 0.26
28.20 ± 0.34
29.23 ± 0.22

21.43 ± 1.37+
29.35 ± 0.20
28.62 ± 0.43

28/28
28/28
28/28
20/28k
28/28
26/28
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Table 2 Antitoxoplasma antibody response in the offspring (5 months of age) of treated and untreated mother groups
which had been inoculated with brain cysts of Toxoplasma gondii (Bev strain) in midpregnancy (5 to 8 days after
mating)

Reciprocal antitoxoplasma antibody titers in the offspringa
Negative 64-128 256-512 1024-2048 > 4096

0/20 1/20
(0) (5)

197/261 27/261 5/261
(75.5) (10.3) (1.9)

1/120 1/120
(0.8) (0.8)

3/20
(15)

11/20
(55)

4/261 28/261
(1.5) (10.7)

15/120 27/120
(12.5) (22.5)

Total positive/Total tested

15/20
(75)

64/261 *
(24.5)

44/120+
(36.7)

aAntitoxoplasma antibodies were determined by the standard indirect haemagglutination technique with Bio-MWrieux
(France) reagents.
bNumber seronegative or positive/Total tested. Figures in parentheses indicate percentage seronegative or positive.
+P <0.01 (two-tailed) from the untreated group.
*P<0.001, as above.

CTX, especially with regard to the rates of delivery
and offspring survival. Successful delivery occurred in
only 15/28 mated female mice (X2 = 7.088, P<0.01)
and 120/131 offspring (X2 =20.038, P<0.001)
survived at 5 months. Statistical analysis indicated
that these two parameters were significantly lower
than those of the uninfected control group. In con-
trast, the mean litter size at delivery (8.73 ± 0.77
offspring/litter; t = 2.35, NS) and the mean offspring
weight (28.62 ± 0.43 g/offspring; t = 0.38, NS)
seemed not to be significantly affected.

In an attempt to determine the effectiveness of the
drugs against congenital transmission of toxoplas-
mosis, antitoxoplasma antibodies were measured in
the 5 month-old offspring with the indirect haemag-
glutination technique. The results are shown in Table
2. Most of the offspring (75%) from untreated moth-
ers were serologically positive; the majority of them
(55%) had reciprocal antibody titers greater or equal
to 4096. In the treated groups, the percentage of
seropositive offspring was 24.5% from CTX-treated
mothers (X2 = 20.99, P < 0.001) and 36.7% from Spir-
treated mothers (X2 = 8.82, P < 0.01). However, high
antitoxoplasma antibody titers (HA> 1024) were
significantly (X2 = 25.73, P <0.001) more frequent in
the Spir than in the CTX group.

Discussion

As described in the present study, primary infection in
mice with Bev toxoplasma during midpregnancy can
result in unsuccessful gestation, or delivery of stillborn
offspring; those which were born alive died later
during the perinatal period or showed growth retarda-
tion. Our previous (unpublished) experience has
shown that abnormalities were the most marked when

the infection occurred in midpregnancy (5 to 8 days
after mating). The above features are typical of
acquired toxoplasmosis in pregnancy, as previously
reported by other authors in humans (pesmonts,
1982) and in animals (Beverley, 1969; Laugier, 1969).
Besides its adverse effects upon pregnancy itself, the
results indicated that primary infection with Bev
toxoplasma in mice during midpregnancy may also
cause maternal death. Earlier studies have indicated
that pregnant mice were more susceptible than non-

pregnant mice to coxsackievirus (Modlin & Crum-
packer, 1982), Listeria and Toxoplasma (Luft &
Remington, 1982). The increase in the susceptibility of
pregnant mice to infection may be related to stress and
immunosuppression due to pregnancy (Clark et al.,
1978a; 1978b; Van Zon Adriaan et al., 1980).
The antitoxoplasm effects ofCTX were significantly

greater than that of Spir, with regard to mice infected
in midpregnancy. Indeed, protection afforded by CTX
was complete in that pregnancy developed at a normal
rate in the CTX-treated mothers. In contrast, the rate
of successful gestation was significantly reduced in the
Spir-treated mothers. The difference in efficacy of
CTX versus Spir may be accounted for by the lower
activity of the latter drug against T. gondii tro-
phozoites (Nguyen et al., 1978; Nguyen & Stadts-
baeder, 1983b) and by its weak capacity to cross the
placental barrier (Garin et al., 1968).

Offspring survivors of either CTX or Spir-treated
mice were apparently healthy and showed no external
signs ofmalformations. Experiments are in progress to
determine the frequency of congenital toxoplasmosis
in both groups of offspring. Preliminary results in-
dicated that seropositive offspring were significantly
greater from the group of untreated mothers than
from the groups ofmothers treated either with CTX or
with Spir. On the other hand, CTX appeared to

Mother
group

Untreated

Cotrimoxazole

Spiramycin

5/20b
.(25)

76/120
(63.3)
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control foetal infection more efficiently than Spir since
high titers of specific antibodies were more frequently
found in offspring of Spir than of CTX-treated
mothers. More elaborate techniques, i.e., brain cysts
quantitation, occurrence ofcataract (Hutchison et al.,
1982), would be useful to confirm these preliminary
data.

In conclusion, the present results strongly suggest

that CTX may be of greater therapeutic benefit than
Spir in the treatment of acute toxoplasmosis in
pregnancy. CTX is officially contra-indicated for use
in pregnant women and neonates in the United
Kingdom. However, toxoplasmosis is a special risk for
this group of people. Therefore, our animal ex-
periments strongly support a review of this policy, at
least in this special case.

References

BEVERLEY, J.K.A. (1969). Congenital toxoplasma infections
in animals other than man. In Colloque sur la toxoplas-
mose de lafemme enceinte et la prevention de la toxoplas-
mose congnitale. Monographie du Lyon Medical. ed.
Specia, pp. 5-20. Chatelain: Lyon.

BUSHBY, S.R.M. & HITCHINGS, G.H. (1968). Trimethoprim,
a sulphonamide potentiator. Br. J. Pharmac., 33, 72-90.

CLARK, F.M., MORTON, H. & CLUNIE, G.J.A. (1978a).
Impairment of host vs. graft reaction in pregnant mice. I.
Suppression ofcytotoxic T cell generation in lymph nodes
draining the uterus. J. Immunol., 121, 1389-1393.

CLARK, F.M., MORTON, H. & CLUNIE, G.J.A. (1978b).
Detection and separation of two serum factors responsi-
ble for depression of lymphocyte activity in pregnancy.
Clin. exp. Immunol., 32, 318-323.

DESMONTS, G. (1982). Toxoplasmose acquise de la femme
enceinte. Estimation du risque de transmission du
parasite et de toxoplasmose congenitale. Lyon MMd., 248
(special issue), 115-123.

DESMONTS, G. & COUVREUR, J. (1979). Congenital toxo-
plasmosis. A prospective study of the offspring of 542
women who acquired toxoplasmosis during pregnancy.
Pathophysiology of congenital disease. In Perinatal
Medicine. ed. Thalhammer, O.'Baumgarten, K. & Pollak,
A. pp. 51-59. Stuttgart: Georg Thieme Publ.

FRISCH, J.M. (1973). Clinical experience with adverse reac-
tions to trimethoprim-sulphamethoxazole. J. Infect. Dis.,
128, (suppl.), 607-610.

GARIN, J.P., PELLERAT, J., MAILLARD, M. & WOEHRLE-
HEZEZ, R. (1968). Bases theoriques de la prevention par la
spiramycine de la toxoplasmose congenitale chez la
femme enceinte. Presse Med., 76, 2266.

HUTCHISON, W.M., HAY, J., LEE, W.R. & SlIM, J.C. (1982). A
study of cataract in murine congenital toxoplasmosis.
Ann. Trop. Med. Parasitol., 76, 53 - 70.

LAUGIER, M. (1969). Etude du placenta dans la toxoplas-
mose congenitale du cobaye. In Colloque sur la toxoplas-
mose de lafemme enceinte et la prevention de la toxoplas-
mose congnitale. Monographie du Lyon Medical. ed.
Specia, pp. 21-25. Chatelain: Lyon.

LUFT, B.J. & REMINGTON, J.S. (1982). Effect of pregnancy
on resistance to Listeria monocytogenes and Toxoplasma
gondii infections in mice. Infect. Immun., 38, 1164-1171.

MODLIN, J.F. & CRUMPACKER, C.S. (1982). Coxsackievirus
B infection in pregnant mice and transplancental infec-
tion of the fetus. Infect. Immun., 37, 222-226.

NGUYEN, B.T. & STADTSBAEDER, S. (1975). In vitro activity
of cotrimoxazole on the intracellular multiplication of
Toxoplasma gondii. Path. Europ., 10, 307-3 15.

NGUYEN, B.T. & STADTSBAEDER, S. (1978). In vitro effects
of trimethoprim ± sulfamethoxazole upon Toxoplasma
gondii RH within human monocytes. Drugs exp. Clin.
Res., 4, 43-48.

NGUYEN, B.T., STADTSBAEDER, S. & HORVAT, F. (1978).
Comparative effects of trimethoprim and pyrimeth-
amine, alone and in combination with a sulphonamide,
on Toxoplasma gondii: in vitro and in vivo studies. In
Current Chemotherapy. ed. Siegenthaler, W. & Liithy, R.,
pp. 137-140. Washington, D.C.: Am. Soc. Microbiol.

NGUYEN, B.T. & STADTSBAEDER, S. (1983a). Avenir
therapeutique du trim6thoprime-sulfamethoxazole dans
la toxoplasmose. La Nouv. Presse MMd., 12, 331-333.

NGUYEN, B.T. & STADTSBAEDER, S. (1983b). Comparative
effects of cotrimoxazole (trimethoprim-sulphamethox-
azole), pyrimethamine-sulfadiazine and spiramycin dur-
ing a virulent infection with Toxoplasma gondii (Beverley
strain) in mice. Br. J. Pharmac., 79, 923-928.

STADTSBAEDER, S. & CALVIN-PREVAL, M-C. (1973). L'as-
sociation trimethoprime + sulfamethoxazole au cours de
la toxoplasmose experimentale chez la souris. Acta Clin.
Belg., 28, 34-39.

STADTSBAEDER, S., NGUYEN, B.T. & CALVIN-PREVAL, M-
C. (1975). Respective role of antibodies and immune
macrophages during acquired immunity against toxo-
plasmosis in mice. Ann. Immunol. (Inst. Pasteur)., 126C,
461-474.

VAN ZON ADRIAAN, AJ.C., ELING, J. & WIJNAND, M.C.
(1980). Depressed maternal immunity in pregnant mice.
Infect. Immun., 28, 630-632.

(Received January 18, 1985.
Revised March 8, 1985.

Accepted March 14, 1985.)


