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Abstract 
Background: Toxoplasma gondii, an apicomplexan parasite, is capable of infecting a 
broad range of intermediate warm-blooded hosts including humans. The parasite 
seems to be capable of altering the natural behavior of the host to favor its trans-
mission in the environment. The aim of this study was to evaluate the course, alter-
ations in behavior along with normal kinetics of the abnormally induced experi-
mental acute toxoplasmosis in murine models. 
Methods: Ten Swiss albino mice were intraperitoneally inoculated with 100 viru-
lent RH strain tachyzoites and finally, the alterations in behavior were described 
and compared with other known alterations in humans and animals. 
Results: The behavior and the other symptoms of the acute toxoplasmosis were 
recorded. Such mice showed typical symptoms like normal coat, severe ascites with 
pendulous abdomen and tachypnoea exhibited by resting fore legs either on walls 
of the cage, or nozzle of water bottle or other resting mice and yielded a creamy 
colored cloudy natured peritoneal fluid on aspiration.  
Conclusions: Finally the alterations in behavior were described and compared with 
other known alterations in humans and animals. The study has generated some im-
portant data related to possible causes of behavioral alterations and generation of 
suitable strategies for control of these alterations in behavior vis-à-vis better under-
standing of the effect of acute infection of parasite on normal behavior of infected 
intermediate host. 
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Introduction 

 
he unique ability of Toxoplasma gondii 
to multiply in virtually all the nucle-
ated cells of the host body and its 

subsequent encystment in the various tissues, 
coupled with its wide host range consisting of 
all the warm blooded animals including hu-
mans, makes the parasite a matter of serious 
concern for both animal and human health in 
the modern times. In humans, the parasite is 
known to cause births with congenital anoma-
lies (1, 2) coupled with ocular involvement (3, 
4), acute encephalitis (5) particularly in 
immunocompromised individuals suffering 
from AIDS, transplant recipients and those 
under cancer therapy (6) while in animals 
particularly small ruminants, the parasite ac-
counts encephalitis (7), abortions (8), neonatal 
infections (1, 2) coupled with weight loss, 
hepatomegaly and enlarged kidneys (9). 

The human RH strain, originally isolated 
from a boy with his name initials RH (10), is 
considered as the referral virulent strain of the 
parasite. The inability of this strain to form 
either oocysts in definitive host or bradyzoites 
in intermediate hosts (11) due to its prolonged 
passage in the mice (12) further compels the 
researchers to opt for this as the referral strain 
for various immunological and molecular bio-
logical studies. Rats and mice are routinely 
used as biological models for isolation, pas-
sage and diagnosis of T. gondii across the globe 
(12).  

Therefore, an attempt was made to study the 
behavior, course of toxoplasmosis and its ac-
tual kinetics in mice using the standard RH 
strain. 
 

Materials and Methods 
 
Selection of the parent stock and experi-
mental model 

Ten Inbred Swiss albino mice of either sex, 
6-12 weeks of age and weighing about 25-30 

grams were obtained from the Laboratory of 
Animal Resource Section, Indian Veterinary 
Research Institute (IVRI), India. Animals were 
kept in polypropylene cages and acclimatized 
for a period of 15 days prior to experimenta-
tion under standard temperature, humidity 
and light cycle conditions. Animals were fed 
on a balanced diet ad libitum, consisting of 
crushed 62% wheat, 30% maize, 7% wheat 
bran and 1% common salt. Fresh potable wa-
ter was made available ad libitum. 
 
Preparation of parasitic strain 

 Tachyzoites of T. gondii (RH strain) were 
obtained from the cryopreserved stock main-
tained at the divisional laboratory, Indian Vet-
erinary Research Institute. The parasite strain 
had been maintained in the divisional labora-
tory in the cryopreserved form for over a dec-
ade by continuous serial passage in murine 
models since time over and over again. 
 
Inoculation of cryopreserved stock strain 
into mice 

The cryopreserved stock of the RH strain 
was firstly inoculated into the mice through 
intraperitoneal route. The infected mice were 
later euthanized by chloroform anaesthesia 
upon the development of symptoms of toxo-
plasmosis. After cutting the abdominal skin 
aseptically, 7-10 ml of Phosphate buffered sa-
line (pH 7.2) was inoculated slowly into the 
peritoneal cavity and the peritoneal lavage was 
aspirated without causing any damage to the 
other organs. The process was repeated till the 
lavage became clear. Enumeration was carried 
out as per the standard protocol (13).  
 
Experimental set up of infection in mice 
   After adjusting the live cell count, ten 
healthy mice of were injected intrapertitone-
ally with 100 virulent tachyzoites. Behavior of 
mice along with their feeding pattern and gen-
eral body condition coupled with symptoms 

T 
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of acute toxoplasmosis were regularly moni-
tored and recorded. Similarly, ten mice were 
intraperitoneally injected with sterile PBS and 
served as uninfected negative control. 

The experiments to the laboratory animal 
were done as per the approval of University 
Ethical Committee. 

 

Results 
 
The infected mice appeared more or less 

same as before infection up to 36-48 hours. 
Thereafter, symptoms like dullness reduced 
feed and water intake suggestive of anorexia, 
disinclination to move on their own and 
moved only when excited through external 
stimuli and raising of hair coat started to ap-
pear by day 3 post infection (PI) (Fig. 1).  

They got hurdled at the centre of the cage 
with closed eyes, tucked-up abdomen and 
arched back. From day 3 PI ascities resulting 
from pendulous abdomen began to appear 
and by day 4 PI all the mice developed signs 
of ascities and were seen having large pendu-
lous abdomen resulting into respiratory dis-
tress as suggested by tachypnoea and gasping 
movement was seen (Fig. 1, 2).  Some of the 
mice with pendulous abdomen were found 
resting or hanging by keeping one or both the 
forelegs on the walls of animal cage or on the 
nozzle of the water bottle or on other lying 
mouse. By the end of day 4 PI few of the mice 
begin to die and by day 6 PI all the mice were 
dead because of acute toxoplasmosis. The per-
tioneal lavage collected from mice revealed 
creamy, cloudy, watery liquid which upon 
Giemsa staining revealed a large number of 
crescent shaped tachyzoites (Fig. 3). Few of 
the macrophages were also seen which were 
filled by tachyzoites from inside, in some of 
the peritoneal lavages.  

While the uninfected mice remained healthy 
and did not show any of these abnormal signs 
and remained fully alert and active throughout 
the experiment. None of the uninfected mice 
died during the study period. 

 
 

Fig. 1: Experimentally infected mice showing dull-
ness, closed eyes, timid behavior, raised hair coat 
and pendulous abdomen (Original) 

 

 
 

Fig. 2: Experimentally infected mice clubbed to-
gether at the periphery of cage showing altered 
behavior (Original) 
 

 
 

Fig. 3: Giemsa stained peritoneal lavage showing 
numerous tachyzoites (Original) 
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Discussion 
 

Toxoplasmosis is one of the most common 
zoonotic parasitic invasions worldwide, caused 
by the intracellular protozoan parasite T. gondii. 
The acute invasion of the parasite is a transi-
ent stage which is usually followed by chronic 
invasion when the parasites resides within tis-
sue cysts localized mainly in the central nerv-
ous system, muscle, and eye tissues (14). It has 
proven that T. gondii invasion may alter the in-
definite host natural defensive behavior in or-
der to increase the risk of rodent predation by 
cats, the definite parasite hosts (15, 16). This 
could be attributed to the presence of the para-
site in the specified regions of the brain in ro-
dents affects its physiological functions often 
results in such behavioral changes which are 
supposed to favor the spread of the parasite to 
the definite host (17). These behavioral changes 
are highly specific as parasite invasion blocks 
rodent aversion toward cat predator odor (18, 
19) but do not affect recognition of the non-
feline predator scent (20). RH strain of was iso-
lated in USA (21) and has since been passaged 
continuously in laboratories either in vitro or in 
vivo throughout the world. Researchers prefer 
to use it as a standard referral stain mainly due 
to its inability to form bradyzoite stage (11), 
lethal effects on mice and good yield of 
tachyzoites in short time intervals. 

In the present study as all the mice experi-
mentally infected with acute toxoplasmosis 
showed increased body size and pendulous 
abdomen. This could be explained because of 
significant increase in brain, spleen and body 
weight gain during acute phase of toxoplas-
mosis (22). The increase in brain mass can fur-
ther be explained on the grounds of induction 
of inflammatory processes, which is further 
driven by many pro-inflammatory cytokines 
like IL-1β and IL-6 produced in brain during 
acute infection (23) coupled with accumula-
tion of inflammatory cells into the brain tissue 
(24). Spleen is involved with the development 
of specific immunological response against the 
parasite antigens owing to its role as the pre-

dominant secondary lymphoid organ. This 
leads to intense accumulation of inflammatory 
cells, which is further reflected by pronounced 
increase in spleen weight (22).  

Some of the mice, particularly those with 
huge pendulous abdomen, were found resting 
or hanging by keeping one or both the fore-
legs on the walls of animal cage or on the noz-
zle of the water bottle or on other lying mouse. 
Initially all the infected mice showed explora-
tory behavior but as the symptoms of acute 
toxoplasmosis developed infected animals ex-
hibited decreased climbing and rearing espe-
cially in the central part of the arena and usu-
ally remained confined to the periphery of 
cage in the later stages.  It is a matter of com-
mon observation that in unfamiliar surround-
ings mice first explore the peripheral parts and 
then they move to the central, open part of 
the arena (25) as this is the most basic means 
of gathering information about the environ-
ment used by nocturnal species with poor vi-
sion (26). The change in behavior might be 
attributed to T. gondii infection that inhibited 
the natural course of exploration (22, 27). This 
further strengthens the manipulation theory 
stating that the parasite alters the behavior of 
the intermediate host to increase a chance of 
predation by the definitive host. Noteworthy, 
most of these behavioral changes were mostly 
pronounced during acute invasion (22, 27). 
Nevertheless the exact mechanism involved in 
behavior changes is yet to be fully understand; 
nevertheless factors like disturbance in the 
level of neurotransmitters in the brain (28, 29) 
can prove to be vital plot in this regard. Like-
wise behavioral changes are also observed in 
humans like differences personality features 
between Toxoplasma infected (30), associations 
with schizophrenia (31), Parkinson disease 
(32), epilepsy (33), or psychosis (34). 
 

Conclusions 
 

The study has generated some important 
data related to behavioral alterations because 
of the effect of acute infection of parasite on 
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normal behavior of infected intermediate host. 
A lot of research is still warranted to be done 
regarding behavioral alterations and to investi-
gate through well planned studies the extent 
and true nature of behavioral alterations in 
toxoplasmosis and hence fortifying the re-
search to adopt suitable strategies for coping 
up these alterations in infected individual at 
the behavioral level for animals in general and 
humans in particular.  
 

Acknowledgements 
 

The authors are thankful to the Director, 
IVRI for providing the facilities and to the 
ICAR for the fellowship awarded to the first 
author during the perusal of his master’s pro-
gramme. The authors declare that there is no 
conflict of interest. 
  

References 
 

1. Rorman E, Zamir CS, Rilkis I, Ben-David 
H. Congenital toxoplasmosis—prenatal 
aspects of Toxoplasma gondii infection. Re-
prod Toxicol. 2006, 21: 458–472. 

2. Zhou P, Chen Z, Li H, Zheng H, He S, 
Lin R, Zhu X. Toxoplasma gondii infection 
in humans in China. Parasit Vectors. 2011, 
4:165. 

3. Grigg ME, Ganatra J, Boothroyd JC, 
Margolis TP. Unusual abundance of atyp-
ical strains associated with human ocular 
toxoplasmosis. J Infec Dis. 2000, 184: 
633-639. 

4. Balasundaram MB, Andavar R, Pal-
aniswamy M, Venkatapathy N. Outbreak 
of acquired ocular toxoplasmosis involv-
ing 248 patients. Archives Ophthalmol. 
2010, 128(1): 28-32. 

5. Alapatt JP, Kutty RK, Jose B, Gopi P. A 
case of cerebral toxoplasmosis in a preg-
nant non-immunocompromised pa-
tient.  Neurol Neurochir Pol. 2009, 43(4): 
391–395. 

6. Angel SO, Matrajt M, Margarit J, Nigro M, 
Illescas E, Pszenny V, Amendoeiva MRR, 
Guavnera E,  Garberi JC. Screening of ac-
tive Toxoplasma in patients by DNA hy-

bridization with ABGTg7 probe in blood 
samples. J Clin Microbiol. 1997, 35: 591-
595. 

7. Fatzer R. Diffuse Toxoplasmose-
Encephalitis in der rechten Grosshirn-
halfteeiner Ziege. Schweiz Arch Tierheilkd. 
1974, 116: 219. 

8. Dubey JP. Prevention of abortion and 
neonatal death due to toxoplasmosis by 
vaccination of goats with the nonpatho-
genic coccidium Hammonida hammondi. 
Am J Vet Res. 1981, 42: 2155. 

9. Hartley WJ, Seaman JT. Suspected Toxo-
plasma infection in an adult goat. Vet 
Pathol. 1981, 19: 210. 

10. Sabin AB. Toxoplasmic encephalitis in 
children. J Am Med Assoc. 1941, 
116:801–807. 

11. Frenkel JK, Dubey JP, Hoff RL. Loss of 
stages after continuous passage of Toxo-
plasma gondii and Besnoitia jellisoni. J Proto-
zool. 1976, 23: 421-424. 

12. Dubey JP. The History of Toxoplasma 
gondii—The First 100 Years. J Eukaryotic 
Microbiol. 2008, 55(6), 467–475. 

13. Dubey JP. Duration of immunity to 
shedding to Toxoplasma gondii oocysts by 
cats. J Parasitol. 1995, 81: 410- 415. 

14. Innes EA. A brief history and overview 
of Toxoplasma gondii. Zoon Pub Hlth. 2010, 
57:1–7. 

15. da Silva RC, Langoni H. Toxoplasma gondii: 
host–parasite interaction and behavior 
manipulation. Parasitol Res. 2009, 105: 
893–898. 

16. Holliman RE. Toxoplasmosis, behavior 
and personality. J Inf. 1997, 35:105–110. 

17. Webster JP Rats, cats, people and para-
sites: the impact of latent toxoplasmosis 
on behavior. Microbes Inf. 2001, 3:1037–
1045. 

18. Vyas A, Kim SK, Giacomini N, Booth-
royd JC, Sapolsky RM. Behavioral chang-
es induced by Toxoplasma infection of ro-
dents are highly specific to aversion of cat 
odors. Proc Nat Acad Sci.  2007, 
104:6442–6447. 

19. Berdoy M, Webster JP, Macdonald DW 
Fatal attraction in rats infected with Toxo-
plasma gondii. Proc Biol Sci. 2000, 
267:1591–1594. 



Sudan et al.: An Insight into the Behavior, Course … 

Available at: http://ijpa.tums.ac.ir                                                                                                119 

20. Lamberton PH, Donnelly CA, Webster 
JP. Specificity of the Toxoplasma gondii-
altered behavior to definitive versus non 
definitive host predation risk. Parasitol. 
2008, 135:1143–1150. 

21. Sabin AB. Toxoplasmosis. A recently 
recognized disease of human beings. Adv 
Pediatr. 1942, 1:1–53. 

22. Gatkowska J,  Wieczorek M, Dziadek B, 
Dzitko K, Dlugonska H. Behavioral 
changes in mice caused by Toxoplasma 
gondii invasion of brain. Parasitol Res. 2011, 
DOI 10.1007/s00436-011-2800-y 

23. Carruthers VB, Suzuki Y. Effects of Toxo-
plasma gondii infection on the brain. Schiz-
ophrenia Bull. 2007, 33:745–751. 

24. Ferguson DJ, Hutchison WM. An ultra-
structural study of the early development 
and tissue cyst formation of Toxoplasma 
gondii in the brains of mice. Parasitol Res. 
1987, 73:483–491. 

25. Holliman RE. Toxoplasmosis, behavior 
and personality. J Infect. 1997, 35:105–
110. 

26. Gulinello M, Acquarone M, Kim JH, 
Spray DC, Barbosa HS, Sellers R, Tan-
owitz HB, Weiss LM. Acquired infection 
with Toxoplasma gondii in adult mice results 
in sensorimotor deficits but normal cogni-
tive behavior despite widespread brain pa-
thology. Microbes Inf. 2010, 12:528–537. 

27. Hay J, Aitken PP, Graham DI. Toxo-
plasma infection and response to novelty 
in mice. Parasitol Res. 1984, 70:575–588. 

28. Prandovszky E, Gaskell E, Martin H, 
Dubey JP, Webster JP, McConkey GA. 
The neurotropic parasite Toxoplasma gondii 
increases dopamine metabolism. PLoS 
One. 2011, 6:e23866. 

29. Stibbs HH. Changes in brain concentra-
tions of catecholamines and indoleamines 
in Toxoplasma gondii infected mice. Ann 
Trop Med Parasitol. 1985, 79:153–157. 

30. Flegr J. Effects of toxoplasma on human 
behavior. Schizophrenia Bull. 2007, 33: 
757–760. 

31. Yolken RH, Dickerson FB, Fuller Torrey 
E. Toxoplasma and schizophrenia. Parasit 
Imm. 2009, 31:706–715. 

32. Miman O, Kusbeci OY, Aktepe OC, 
Cetinkaya Z. The probable relation be-
tween Toxoplasma gondii and Parkinson’s 
disease. Neurosci Let. 2010, 475:129–131. 

33. Stommel EW, Seguin R, Thadani VM, 
Schwartzman JD, Gilbert K, Ryan KA, 
Tosteson TD, Kasper LH. Cryptogenic 
epilepsy: an infectious etiology? Epi-
lep.2001, 42:436–438. 

34. Zhu S. Psychosis may be associated with 
toxoplasmosis. Med Hyp. 2009, 73:799–
801. 

 
 
 
 
 
 
 

 

 
 
 


