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1. Introduction

   Toxoplasma gondii (T. gondii) is one of the most common 
protozoan parasites in humans and warm-blooded animals 
worldwide, so that, at least 20% of world populations are 
seropositive for this infection in most of developing[1-3] and 
developed countries[4-6]. 
   Tissue cystogenesis is a part of developmental process 
of T. gondii occurring in both definitive and intermediate 
hosts. Tissue cysts are formed in many organs of the hosts, 
however, the frequency and distribution of cysts are partly 
controlled by the host and the strain of T. gondii involved[7]. 
In rats, higher number of tissue cysts is found in brain 

rather than in other organs[8], and therefore, the brain is 
considered as a selective organ for the in vivo cystogenesis 
of this parasite[9,10].
   It has been shown that the tissue cysts form as early as 
six days post-infection in mice brain. They grow regularly 
and their size is stopped within less than 4 months. Young 
brain cysts may be measured as small as 5 µm in diameter 
containing only 2 bradyzoites, and older cysts reach up to 
50-70 µm in diameter containing hundreds of bradyzoites[7]. 
The size of cysts may exceed 100 µm, as described in a 
report by Hooshyar et al. in which a cyst of about 125 µm 
was observed in the brain of a mouse, experimentally 
infected with local isolates of T. gondii[11].
   Brain cystogenesis capacity as a biological characteristic 
shows significant diversities among avirulent strains of T. 
gondii[12]. Awareness of this capability of T. gondii strains 
will be helpful in using this parasite in chronic infections 
studies in mice. The Tehran strain of T. gondii is an 
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avirulent strain isolated by Ghorbani et al. from a patient 
with lymphadenitis in Tehran, the capital of Iran, in 1973[13]. 
Since the initial isolation, it is maintained at the Department 
of Parasitology, Tehran University of Medical Sciences 
through intraperitoneal passages of brain homogenate 
containing the tissue cysts of this strain in mice. This strain 
has been used in a molecular study[14], however, this is the 
first report concerning the cystogenesis capacity of this 
strain in the brain of mice. 

2. Materials and methods

2.1. Experiment

   Brain suspension in saline was prepared from the mice 
infected with tissue cysts of T. gondii, Tehran strain three 
months earlier. A volume of 0.5 mL brain suspension 
containing 20 tissue cysts of Tehran strain was inoculated 
intraperitoneally to each of 25 male BALB/c mice (animals 
were seronegative for anti-T. gondii antibodies by Sabin-
Feldman dye test)[15]. Mice were purchased from Razi 
Vaccine and Serum Research Institute and housed in plastic 
cages with food and water available ad libitum. Ten mice 
at weeks 7-9 and fifteen mice at weeks 13-14 were deeply 
anesthetized by intraperitoneal injection of ketamine (150 
mg/kg) and xylazine (15 mg/kg), followed by removal of 
their brains from the skulls. Each brain was divided into 3 
sections including, right cerebral hemisphere, left cerebral 
hemisphere, and the cerebellum+brain stem. Unstained 
squash-smears were prepared from the whole brains and the 
numbers of tissue cysts were counted at two magnifications 
of 100× and 400× using light microscopy.

2.2 Ethical considerations

   The study protocol was approved by the Ethical Review 
Board of Qazvin University of Medical Sciences, Qazvin, 
Iran.

2.3. Statistical analysis

   The data were analyzed by SPSS version 13. Nonparametric 
test of Mann-Whitney was used to demonstrate means 
differences. A P-value less than 0.05 was considered as 
significant.

3. Results

   The number of tissue cysts in the brain of mice showed 
remarkable variations. The minimum and maximum number 
of cysts were 70 and 1 531 at weeks 7-9 post-infection, and 

12 and 5170 at weeks 13-14 post-infection, respectively. 
The frequency distribution of brain cysts in mice with 
experimental infection to T. gondii, Tehran strain is shown 
in Table 1.
Table 1
Frequency of tissue cysts in brain of 25 BALB/c mice inoculated 
intraperitoneally with 20 tissue cysts of T. gondii, Tehran strain at 
weeks 7-9 and 13-14 post-infection.
Weeks 7-9 (Group 1) Weeks 13-14 (Group 2) 
Mice 
number 

Number of 
tissue cysts

Mice 
number

Number of 
tissue cysts

Mice 
number

Number of 
tissue cysts

1 1 531 1 112 11 476
2 117 2 208 12 153
3 72 3 312 13 59
4 87 4 302 14 12
5 89 5 2 749 15 5 170
6 70 6 549
7 86 7 660
8 95 8 2 992
9 55 9 4 089
10 81 10 754

   There was a significant difference in the means observed 
for the number of brain cysts between Group 1 and 2 
(P<0.05). The mean依SEM numbers of brain cysts in Group 1 
and 2 were 228.3依144.8 and 1 239.8依429.3, respectively.
   Overall, the mean number of brain cysts in the right 
cerebral hemisphere was higher than the left cerebral 
hemisphere; however the difference was not significant, 
statistically. On the other hand, the number of tissue cysts in 
the cerebellum+brain stem was significantly lower than that 
observed in the right and left cerebral hemispheres (P<0.05) 
(Table 2).
Table 2
Frequency of tissue cysts in the right cerebral hemisphere, left 
cerebral hemisphere, and cerebellum+brain stem of 25 BALB/c mice 
inoculated intraperitoneally with 20 tissue cysts of T. gondii Tehran 
strain at weeks 7-9 and 13-14 post-infection (mean依SEM).
Mice brain Weeks 7-9 

(Group 1)
Weeks 13-14 

(Group 2)

Right cerebral hemisphere  78.30依40.79  625.60依221.34
left cerebral hemisphere 123.10依88.73  427.40依144.83
cerebellum+brain stem  26.90依15.37 186.80依68.59
Total  228.30依144.80 1239.80依429.30

Figure 1. Tissue cysts in a brain squashed smear of BALB/c mouse inoculated 
intraperitoneally with tissue cysts of T. gondii at week 14 post-infection. 
Note the larger size (3-4 folds) of brain cysts at magnification 200×.
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   The tissue cysts observed microscopically showed 
different dimensions; so that a difference of 3-4 folds in 
the diameter of cysts was obvious at weeks 13-14 post-
infection (Figure 1).

4. Discussion

   In the present study, the tissue cysts were observed 
in the brain of all mice experimentally infected with T. 
gondii, Tehran strain, however, there was a significant 
difference in the brain cystogenesis capacity of this strain 
in mice; despite the similarity in the inoculum size and 
the number of cysts introduced. The number of tissue 
cysts in the brain of mice showed differences of 22 and 
430 folds between the minimum and maximum number 
of cysts at weeks 7-9 and at weeks 13-14 post-infection, 
respectively. The variation in number of brain cysts of T. 
gondii in mice were also shown by Di Cristina et al., who 
reported between 150 to 21000 cysts at around day 18 post 
infection[16].
   The frequency of cysts in mice brain varies depending 
on the strain of mouse, the strain of T. gondii, the route 
of inoculation, and the number of organisms inoculated[7]. 
Moreover, there is some evidence to suggest that host 
genetic determinants play a major role in the production 
of tissue cysts in mice[17,18]. In a study by Brown et al. it 
was demonstrated that the Ld gene located on chromosome 
17 has a role in resistance against Toxoplasma cysts 
burden, so that the load of tissue cysts in mice brain 
with Ld gene was lower than those without Ld gene[18]. 
Metabolic needs of this parasite also affect the stability of 
tissue cysts in the brain of hosts. For example, the CD73-
generated adenosine is involved in the differentiation of 
T. gondii to lifelong cysts in the central nervous system[9]. 
The remarkable differences in the frequency of the brain 
cysts of T. gondii, Tehran strain are probably related to 
variations observed in the immunity responses of the 
BALB/c mice against this strain of T. gondii. Our results 
would suggest that further studies are needed to focus on 
the immunity response to the Tehran strain of T. gondii 
and its brain cystogenesis. 
   In our study, the frequency of tissue cysts in the brain 
of mice at weeks 13-14 was higher than in 7-9 weeks 
post-infection. The difference may be related to the new 
generations of cysts at weeks 13-14 post-infection in some 
mice. A difference of 3-4 folds in the size of tissue cysts 
observed in this study could support our opinion. However, 
the mechanism of regeneration of tissue cysts in mice 
brain has not been clearly identified. It may occur due to 
the leak of bradyzoites from intact cysts or the rupture of 
primary cysts and subsequent generation of tissue cysts[7].
   There are several reports wherein the total number 
of tissue cysts have been counted in the brain of mice 

experimentally inoculated with the avirulent cyst-forming 
strains of T. gondii. In study by Berenreiterová et al., the 
number of cysts associated with T. gondii, a virulent HIF 
strain in the brain homogenates of outbred CD1 mice was 
reported to be between 140 and 2 900 (mean依SD=883依938) 
at week 18 post-infection, a finding lower than the means 
obtained for tissue cysts observed in our study (mean依
SEM=1 239.8依429.3) at weeks 13-14 post-infection[19]. The 
difference may be related to the strain of T. gondii or 
time course elapsed following the onset of infection in 
mice. However, the frequency of brain cysts in the study 
by Ferguson et al.[12] also mentioned in a review article 
by Dubey et al.[7], showed a different patterns following 4 
weeks intervals. The number of tissue cysts in the brain of 
CBA/Ca mice inoculated with ME-49 strain, as reported by 
these researchers, was 3 720, 2 158, 3 133, and 1 538 at weeks 
4, 8, 12, and 16 post-infection, respectively[7]. 
   We used squash-smear method for microscopic counting 
of tissue cysts in the whole brain, which can be considered 
as a more precise method in comparison with counting of 
cysts in the samples prepared from brain homogenates[19]. 
In the latter method, smears are prepared from the brains 
squished with mortar and pestle, a technique which may 
lead to disruption of some cysts. Moreover, in this method 
the number of cysts is enumerated in a small volume of 
homogenate but is reported as the total number of cysts 
in the whole brain through calculation, a method which is 
prone to produce false results due to error source.  
   Conversely, by the squash-smear method used in our 
study, the cysts remained intact and the number of cysts 
was counted in smears prepared from the whole brains, 
although the method is more time-consuming.
   Considering the significant differences found in the 
number of tissue cysts in mice brain, it seems that the 
Tehran strain of T. gondii could be considered as a suitable 
model for demonstrating the behavioral manipulation 
hypothesis of T. gondii in latent phase of infection. There 
is a body of recent evidence to suggest that the chronic 
infections to this parasite may be associated with brain 
deficiencies such as, behavioral alterations[20], deficits 
in learning and memory[21], personality changes[22] and 
as a probable cause of schizophrenia which is a chronic, 
severe, and disabling brain disorder with uncertain 
etiology[23]. In addition, as the studies on T. gondii show a 
growing trend within the recent years in Iran, our results 
would be helpful for Iranian researchers interested in 
working in the field of Toxoplasma and toxoplasmosis. 
   Based on our findings, it is concluded that the brain 
cystogenesis capacity of T. gondii, Tehran strain could 
demonstrate huge variations among mice with higher 
activity at weeks 13-14, compared to weeks 7-9, following 
the onset of infection. In addition, the cystogenesis 
capacity in cerebellum+brain stem is lower than the right 
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and left cerebral hemispheres. 
  

Conflict of interest statement

   We declare that we have no conflict of interest.

Acknowledgements

   We thank the Cellular and Molecular Research Center of 
Qazvin University of Medical Sciences for their financial 
support (Project No. 536). We also thank our colleagues Dr. 
Hassan Jahani-Hashemi for the statistical analysis of data, 
and Dr. Ali-Asghar Pahlevan for editing the final version of 
the English manuscript. 

References

[1]    Hajsoleimani F, Ataeian A, Nourian AA, Mazloomzadeh S. 
Seroprevalence of Toxoplasma gondii in pregnant women and 
bioassay of IgM positive cases in Zanjan, Northwest of Iran. Iran J 
Parasitol 2012; 7(2): 82-86.

[2]    Moura FL, Amendoeira MR, Bastos OM, Mattos DP, Fonseca AB, 
Nicolau JL, et al. Prevalence and risk factors for Toxoplasma 
gondii infection among pregnant and postpartum women attended 
at public healthcare facilities in the City of Niterói, State of Rio 
de Janeiro, Brazil. Rev Soc Bras Med Trop 2013; 46(2): 200-207.

[3]    Almushait MA, Dajem SM, Elsherbiny NM, Eskandar MA, Al 
Azraqi TA, Makhlouf LM. Seroprevalence and risk factors of 
Toxoplasma gondii infection among pregnant women in south 
western, Saudi Arabia. J Parasit Dis 2014; 38(1): 4-10.

[4]    Goyette S, Cao Z, Libman M, Ndao M, Ward BJ. Seroprevalence 
of parasitic zoonoses and their relationship with social factors 
among the Canadian Inuit in Arctic regions. Diagn Microbiol 
Infect Dis 2014; 78(4): 404-410.

[5]    Jones JL, Kruszon-Moran D, Rivera HN, Price C, Wilkins PP. 
Toxoplasma gondii seroprevalence in the United States 2009-2010 
and comparison with the past two decades. Am J Trop Med Hyg 
2014; 90(6): 1135-1139.

[6]    Sakikawa M, Noda S, Hanaoka M, Nakayama H, Hojo S, Kakinoki 
S, et al. Anti-Toxoplasma antibody prevalence, primary infection 
rate, and risk factors in a study of toxoplasmosis in 4,466 pregnant 
women in Japan. Clin Vaccine Immunol 2012; 19(3): 365-367. 

[7]    Dubey JP, Lindsay DS, Speer CA. Structures of Toxoplasma 
gondii tachyzoites, bradyzoites, and sporozoites and biology and 
development of tissue cysts. Clin Microbiol Rev 1998; 11(2): 267-
299.

[8]    Dubey JP. Tissue cyst tropism in Toxoplasma gondii: a 
comparison of tissue cyst formation in organs of cats, and rodents 
fed oocysts. Parasitol 1997; 115 (Pt 1): 15-20.

[9]    Mahamed DA, Mills JH, Egan CE, Denkers EY, Bynoe MS. CD73-

generated adenosine facilitates Toxoplasma gondii differentiation 
to long-lived tissue cysts in the central nervous system. Proc 
Natl Acad Sci U S A 2012; 109(40): 16312-16317.

[10]  Lachenmaier SM, Deli MA, Meissner M, Liesenfeld O. Intracellular 
transport of Toxoplasma gondii through the blood-brain barrier. 
J Neuroimmunol 2011; 232(1-2): 119-130.

[11]  Hooshyar H, Rostamkhani P, Arbabi M. Study on growth of 
Toxoplasma gondii tissue cyst in laboratory mouse. Jundishapur 
J Microbiol 2009; 2(4): 140-143.

[12]  Ferguson DJ, Huskinson-Mark J, Araujo FG, Remington JS. A 
morphological study of chronic cerebral toxoplasmosis in mice: 
comparison of four different strains of Toxoplasma gondii. 
Parasitol Res 1994; 80(6): 493-501.

[13]  Ghorbani M, Samii AH. Toxoplasmic lymphadenitis in Iran. J Trop 
Med Hyg 1973; 76(7): 158-160.  

[14]  Selseleh M, Modarressi MH, Mohebali M, Shojaee S, Eshragian 
MR, Selseleh M, et al. Real-time RT-PCR on SAG1 and BAG1 
gene expression during stage conversion in immunosuppressed 
mice infected with Toxoplasma gondii Tehran strain. Korean J 
Parasitol 2012; 50(3): 199-205. 

[15]  Johnson JD, Holliman RE. Toxoplasmosis. In: Gillespie SH, 
Hawkey PM, editors. Medical parasitology: a practical approach. 
Oxford: Oxford University Press; 1995, p. 33-59.

[16]  Di Cristina M, Marocco D, Galizi R, Proietti C, Spaccapelo R, 
Crisanti A. Temporal and spatial distribution of Toxoplasma 
gondii differentiation into Bradyzoites and tissue cyst formation 
in vivo. Infect Immun 2008; 76(8): 3491-3501.

[17]  Brown CR, McLeod R. Class I MHC genes and CD8+ T cells 
determine cyst number in Toxoplasma gondii infection. J 
Immunol 1990; 145(10): 3438-3441.

[18]  Brown CR, Hunter CA, Estes RG, Beckmann E, Forman J, David 
C, et al. Definitive identification of a gene that confers resistance 
against Toxoplasma cyst burden and encephalitis. Immunology 
1995; 85(3): 419-428.

[19]  Berenreiterová M, Flegr J, Kuběna AA, Němec P. The distribution 
of Toxoplasma gondii cysts in the brain of a mouse with latent 
toxoplasmosis: implications for the behavioral manipulation 
hypothesis. PLoS One 2011; doi: 10.1371/journal.pone.0028925

[20]  Webster JP, McConkey GA. Toxoplasma gondii-altered host 
behaviour: clues as to mechanism of action. Folia Parasitol 
(Praha) 2010; 57(2): 95-104.

[21]  Jung BK, Pyo KH, Shin KY, Hwang YS, Lim H, Lee SJ, et al. 
Toxoplasma gondii infection in the brain inhibits neuronal 
degeneration and learning and memory impairments in a murine 
model of Alzheimer’s disease. PLoS One 2012; doi: 10.1371/journal.
pone.0033312.

[22]  Flegr J. Influence of latent Toxoplasma infection on human 
personality, physiology and morphology: pros and cons of 
the Toxoplasma-human model in studying the manipulation 
hypothesis. J Exp Biol 2013; 216(Pt 1): 127-133.

[23]  Torrey EF, Bartko JJ, Yolken RH. Toxoplasma gondii and other 
risk factors for schizophrenia: an update. Schizophr Bull 2012; 
38(3): 642-647.


