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Toxoplasma gondii, the causative agent of toxoplasmosis, is an 
ubiquitous protozoan parasite that can infect wide range of 
host species including humans [1]. It is estimated that around 
30-50% of the world’s population have been infected with T. 

gondii [2]. T. gondii infections are typically asymptomatic in 
humans, however, these can be serious and occasionally fatal 
in the case of immunocompromised patients, fetus and con-
genitally infected neonates [3,4]. T. gondii can exist in three dif-
ferent forms, which are largely influenced by the host it inhab-
its. Within its definitive host (Felidae), T. gondii are found as 
oocysts whereas tachyzoite and bradyzoite are the predomi-
nant forms in other intermediate hosts. Oocysts in the feces of 
definitive host can be ingested by other intermediate hosts, 
which results in infection. Mice as intermediate hosts are ex-
tensively used for pathogenesis and vaccine study of toxoplas-

mosis, in which high numbers of tachyzoites of T. gondii (RH) 
(103, 104, 105) have been used [5-12]. T. gondii (RH) is highly 
virulent and its infection in mice causes death [13]. Mice in-
fected with 105 tachyzoites show no CD8+ T and germinal cen-
ter B cell responses from the spleen at day 16 post-infection, 
since these immune cells are largely damaged [12]. Low vac-
cine efficacies were reported upon challenge infection with T. 
gondii (RH) at high dosage (103, 104, 105), in which mice died 
at very early stage of infection and immune responses elicited 
by challenge infection cannot be detected [5-11]. Thus, finding 
correct infection dosage for challenge infection to evaluate vac-
cine efficacy and immune responses is extremely important.

Importantly, there are controversial reports on the possibili-
ty of infection of T. gondii tachyzoites in the spleen. It has been 
reported that T. gondii cannot be found in the spleen, whereas 
parasites can be detected in the lung, liver and brain upon 
tachyzoite infection [14]. In contrast, others have reported that 
tachyzoites of T. gondii can infect the spleen [15,16]. Thus, 
more studies are needed to clarify the controversy underlying 
splenic infectivity by T. gondii tachyzoites. Apoptosis is pro-
grammed cell death, which mediates the removal of pathogens 
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Abstract: Toxoplasma gondii infection induces parasite infiltration and apoptosis in the spleen. However, dose-dependent 
parasite infiltration, apoptosis, body weight alternations and survival in mice remain largely unknown. In this study, mice 
were intraperitoneally infected with 10, 30 or 100 tachyzoites of T. gondii, respectively. Parasite infiltration and apoptosis 
in the spleen were analyzed on days 3, 7, and 9 post-infection by immunohistochemistry and flow cytometry. Significantly 
higher levels of T. gondii infiltration and apoptosis in the spleen were found in 30 and 100 tachyzoites infected mice com-
pared to 10 tachyzoites infected mice on days 7 and 9 post-infection. Although 30 and 100 tachyzoites infected mice 
showed significant body weight loss compared to 10 tachyzoites infected mice, all of the 100, 30, and 10 tachyzoites in-
fected mice died by days 12, 15, and 17, each respectively. Interestingly, T. gondii infiltration in 10 tachyzoites infected 
mice were limited to capsule area of the spleen on day 9 post-infection. Several areas of parasite infiltrations were found 
in the 30 tachyzoites infected mice, where noticeable levels of splenic capsule de-adhesion occurred. These results indi-
cated that parasite infiltration and apoptosis in the spleen, as well as body weight loss (survival) are closely correlated 
with infection dosage. The level of T. gondii infiltration and apoptosis in the spleen and splenic de-adhesion were depen-
dent on the parasite dose.
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[17]. Recently, apoptotic response has been reported to be elicit-
ed in the spleen upon T. gondii tachyzoite infection in mice 
[10,11]. Thus, we believe that apoptotic responses occurred in 
the spleen after T. gondii infiltration into spleen. In this study, 
we investigated parasite infiltration and apoptosis induced by 
various dosage of tachyzoites of T. gondii in the spleen. We fo-
cused on clarifying the low dose of tachyzoite infection-induced 
pathogenesis. We found that much lower dose of T. gondii 
tachyzoite can enter the spleen and cause apoptosis.

Specific-pathogen-free female BALB/c mice (7 weeks old) 
were obtained from NARA Biotech (Seoul, Korea). All animal 
experiments and husbandry involved in the present study were 
conducted under the guidelines of Kyung Hee University IA-
CUC (permit number: KHUASP [SE]-16-012). T. gondii RH 
strain was maintained by serial intraperitoneal passage in mice 
as described previously [12,18,19]. T. gondii ME49 strain was 

maintained by oral passage in mice to produce polyclonal an-
ti-T. gondii antibodies as described previously [12]. Horserad-
ish peroxidase (HRP)-conjugated goat anti-mouse immuno-
globulin IgG was purchased from Southern Biotech (Birming-
ham, Alabama, USA). BALB/c mice were randomly divided 
into 4 groups (n = 24 per group): naïve control group, 10 
tachyzoites infected group (10), 30 tachyzoites infected group 
(30) and 100 tachyzoites infected group (100). Mice were in-
fected intraperitoneally (IP) with 10, 30 or 100 tachyzoites of T. 
gondii RH strain and sacrificed (6 from each group) on days 3, 
7, and 9 post-infections to collect spleen samples. The remain-
ing 6 mice were observed daily to monitor changes in body 
weight and survival. Mice that displayed over 20% loss in body 
weight were considered dead and humanely euthanized. To 
determine apoptotic response in splenocytes, Annexin V and 
propidium iodide (PI) staining were performed using BD 

Fig. 1. Apoptotic responses upon T. gondii tachyzoite infection. (A) Flow cytometry plots showing the gating strategy to identify apoptotic 
responses in the spleen (10, 10 tachyzoites infected mice; 30, 30 tachyzoites infected mice; 100, 100 tachyzoites infected mice). (B-D) 
The apoptotic response was determined by flow cytometry at days 3, 7, and 9 after T. gondii infection. Significantly higher levels of apop-
totic effects were found from both 30 and 100 mice on days 7 and day 9, each respectively compared to naïve control mice on day 7.
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Apoptosis Detection Kit I (BD Biosciences, San Jose, Califor-
nia, USA). Splenocytes were collected on days 3, 7, and 9 post-
infections and 1× 105 cells were stained with 5 µl Annexin V-
FITC and PI at room temperature for 15 min in the dark. The 
percentages of apoptotic response were determined using BD 
Accuri C6 Flow Cytometer (BD Biosciences) and analyzed 
with C6 Analysis Software (BD Biosciences). Mice spleen were 
collected at day 9 post-infection and fixed in 10% formalin. 
The formalin-fixed paraffin-embedded (FFPE) spleens were 
prepared and cut into micro-sections as previously indicated 
[20]. Immunostaining procedures were performed after re-
moving paraffin with xylene and rehydrating with decreasing 
concentrations of ethanol in distilled water. After antigen re-
trieval in 10 mM citrate buffer (pH 6.0), endogenous peroxi-
dase activity blockage was obtained by 3% peroxide hydrogen 
solution treatment. The FFPE sections were blocked with 
blocking solution (1% BSA in 0.1 M PBS) and stained with a 
mouse polyclonal anti-T. gondii ME49 antibodies (1:2,000) di-
luted with 1% bovine serum albumin (BSA) in tris-buffered 
saline with tween 20 (TBST) for 1 hr at RT. An amplification 
signal was obtained by horseradish peroxidase (HRP)-conju-
gated goat anti-mouse immunoglobulin IgG, in 30 min incu-
bation step at RT. The reaction was visualized by using 0.2% of 
3,3-diaminobenzidine tetrahydrochloride (DAB). Finally, the 
sections were counterstained with hematoxylin for back-

ground stain after DAB stain. Statistical analyses were per-
formed using PC-SAS 9.3 software (SAS Institute, Cary, North 
Carolina, USA). Data sets were expressed as mean± SEM and 
compared using 1-way ANOVA with Duncan’s post hoc analy-
sis. A P-value< 0.01 was considered statistically significant.

To determine apoptotic response induced by T. gondii infec-
tion, splenocytes were collected from mice and analyzed by 
FACS (Fig. 1A). Mice infected with T. gondii showed various 
apoptotic effects by infectious doses at different time points. 
Mice showed no apoptotic responses at early stage of infection 
at day 3 (Fig. 1B). However, mice infected with 100 tachyzoites 
(100) showed 37.4% and 45.2% of apoptotic responses on 
days 7 and 9, respectively (Fig. 1C, D). Thirty tachyzoites in-
fected mice (30) showed 34.8% and 35.9% of apoptotic re-
sponses on days 7 and 9, respectively (Fig. 1C, D). On day 9 
post-infection, 100 tachyzoites infected (100) mice showed 
significantly higher level of apoptotic effects compared to 30 
tachyzoites infected (45.2% vs 35.9%, *P < 0.01). These results 
indicated that apoptosis in the spleen occurs at day 7 post-in-
fection with a high dosage of infection, whereas negligible 
apoptotic response from low dose of infection (10) were ob-
served by day 9 post-infection.

Splenic T. gondii infiltration was determined by immunohis-
tochemistry. As shown in Fig. 2, T. gondii infiltration was found 
in all mice infected with 10, 30 or 100 tachyzoites of T. gondii 

Fig. 2. Parasite infiltration detection by immunohistochemistry in spleen. Immunohistochemistry of the spleen section, showing T. gondii 
RH stained in brown. (A) There was no brown color in the spleen section of naïve group. However, the other groups showed increased 
DAB reactions in an infection dose-dependent manner. (B) 10 tachyzoites infected mice. (C) 30 tachyzoites infected mice. (D) 100: 
tachyzoites infected mice. (E-H) T. gondii infiltration (arrow) in capsule area of spleen at day 9 post–infection. (E) The Naive control mice, 
capsule tissue remained perfectly intact and there was no parasite invasion. (F) 10 tachyzoites infected mice showed capsule area infec-
tion. (G) 30 tachyzoites infected mice showed capsule and spleen tissue infection. (H) 100 tachyzoites infected mice showed infected 
capsule and several areas inside of the spleen. Photos are representative from 5 tissue sections.
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(RH) at day 9 post-infection. Ten tachyzoites infected mice 
showed lower parasite infiltration compared to 30 and 100 
tachyzoites infected mice (Fig. 2B-D). One hundred tachyzo-
ites infected mice showed the highest parasite infiltration as 
expected. As seen in Fig. 2, varying degrees of splenic capsule 
in mice infected by 10, 30 or 100 tachyzoites of T. gondii were 
found as well as T. gondii infectivity in the spleen. Splenic infil-
tration in 10 tachyzoites infected mice were mainly limited to 
splenic capsule area (Fig. 2F), whereas capsules from 30 
tachyzoites infected mice appeared to be detached from the 
surface of spleens (Fig. 2G). Splenic capsule from 100 tachyzo-
ites infected mice were completely detached and several infect-
ed areas of the spleen tissues were observed (Fig. 2H). These 
results indicated that low dose (10 tachyzoites infected mice) 
of infection induces T. gondii infection limited to the capsule 
area, whereas higher infection doses (30 and 100 tachyzoites 
infected mice) induce removal of T. gondii-infected capsules 
and enables infiltration of spleen tissues as well.

Mice were infected with 10, 30 or 100 T. gondii (RH), and 
mouse survival was recorded daily. As seen in Fig. 3, 10 tachyzo-
ites infected mice (10) survived significantly longer compared to 
100 tachyzoites infected mice (100), although 100, 30, and 10 
tachyzoites infected mice died at day 12, 15, and 17 post-infec-
tion, each respectively. These results indicated that 10 or 30 
tachyzoites dosage could be used as challenge infection dosage 
in vaccine study, in which T or B cell immune responses could 
be detected at early stage of challenge infection.

In this study, we demonstrated that low dosage of T. gondii 
tachyzoite infection can cause tachyzoite infiltration and 
apoptosis at days 7 or 9 post-infection which has not been re-
ported. We found that even very low dose of T. gondii tachyzo-

ites (10 tachyzoites) infection could induce parasite infiltration 
(infection) in the spleen and cause mouse death. Immunohis-
tochemistry (IHC) is known to precisely label the location of 
the target antigen in cells and tissues [21]. In this study, we 
found tachyzoite infiltrations of T. gondii in the spleen at day 9 
post-infection from 10, 30 and 100 tachyzoites doses by IHC. 
Higher dosage of infection (100 tachyzoites) caused higher 
levels of infiltration and apoptosis (Figs. 2, 3). As such, splenic 
infections were strictly limited to capsular areas of the spleen 
in 10 tachyzoites infected mice, while spleens of mice infected 
with higher doses were subjected to parasitic infiltration 
through the splenic capsule. Poor vaccine efficacies were ob-
served from previous studies using high doses of tachyzoites 
for vaccine challenge experiment [5-12], indicating different 
vaccine efficacies might be concluded if low dosage of tachyzo-
ites were used. Since all mice died from 10, 30, and 100 
tachyzoites infections after spleen infiltration and apoptosis 
from 30 and 100 tachyzoites infected mice post-infection, we 
conclude that 30 tachyzoites dosage can be used for vaccine or 
apoptosis study.

Apoptosis can eliminate infected cells during virus, bacteria 
or parasite infections [17]. In the current study, low dose of 
tachyzoites (10 tachyzoites infected mice) infection was un-
able to induce apoptosis in spleen at day 9 post-infection 
whereas 30 or 100 tachyzoites infections induced significantly 
higher levels of apoptosis compared to naïve or 10 tachyzoites 
infection. However, since 10 tachyzoites infected mice died at 
day 17 post-infection, parasites infiltrated into the spleen and 
apoptosis in the spleen occurred and progressed after day 9. 
These results demonstrated that spleen is a very important or-
gan that can be infected by tachyzoites of T. gondii, and para-
sitic infiltration and apoptosis induction can occur even with 
very low infection dose.
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