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Abstract

In most of the world Toxoplasma gondii is comprised of archetypal types (Types I, II and III)
however, South America displays several non-archetypal strains. This study used an
experimental mouse model to characterize the immune response and parasite kinetics
following infection with different parasite genotypes. An oral inoculation of 50 oocysts per
mouse from 7. gondii M4 Type II (archetypal, avirulent), Brl or Brlll (non-archetypal,
virulent and intermediate virulent, respectively) for Group (G)2, G3 and G4, respectively was
used. Levels of mRNA expression of cytokines, immune compounds, cell surface markers
and receptor adapters (IFNy, IL-12, CD8, CD4, CD25, CXCR3 and MyD88) were quantified
by SYBR green RT-qPCR. Lesions were characterized by histology and detection by
immunohistochemistry established distribution of parasites. Infection in G2 mice was mild
and characterized by an early MyD88-dependent pathway. In G3 there were high levels of
expression of pro inflammatory cytokines IFNy and IL-12 in the mice showing severe clinical
symptoms at 8-11 days post infection (dpi), combined with the upregulation of CD25,
abundant tachyzoites and tissue lesions in livers, lungs and intestines. Significant longer
expression of IFNy and IL-12 genes, with other Thl balanced immune responses, like
increased levels of CXCR3 and MyDS88 in G4, resulted in survival of mice and chronic
toxoplasmosis, with occurrence of tissue cysts in brain and lungs, at 14 and 21 dpi. Different
immune responses and kinetics of gene expression appear to be elicited by the different

strains and non-archetypal parasites demonstrated higher virulence.
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Introduction
Toxoplasmosis is a zoonotic disease occurring worldwide with a very high prevalence of
infection in warm-blooded animals (Dubey, 2010) and is considered a parasitic cause of
congenital disease in humans, whilst in livestock the parasite is a major cause of ovine
abortion (Watson and Beverley, 1971; Dubey and Beattie, 1988; Hide et al., 2009;
Tzanidakis et al., 2012). Genetic studies have shown that Toxoplasma gondii comprises
mostly three archetypal (clonal) genotypes, Types I, II and III (Howe and Sibley, 1995),
although South America and Asia are dominated by genetically distinct non-archetypal
strains (Pena et al., 2008; Shwab et al., 2014). Type Il genotypes-of T gondii are largely
found in humans with congenital toxoplasmosis in Europe (Ajzenberg et al., 2002) whereas
the non-archetypal types Brl, Brll and BrllI represent the.most predominant genotypes found
within animal reservoirs in Brazil (Pena et al., 2006; Dubey et al., 2012). Previous research
has highlighted that non-archetypal genotypes of Toxoplasma may be related to a severe
syndrome associated with pulmonary-infection including in immunocompetent patients
(Elbez-Rubinstein et al., 2009). In mice, archetypal Type I genotypes are considered virulent
and lethal, whereas genotypes Il and III usually present with intermediate and low virulence
(Sibley et al., 1999). Most of the non-archetypal isolates experimentally studied in mice are
virulent, causing high levels of morbidity (Pena et al., 2008). Virulence of four Brazilian
isolates of 7. gondii, two Brl and two BrlIll genotypes, were studied in mice infected with
oocysts. The Brl isolates caused large levels of mortality indicating high virulence. Whereas
for the Brlll isolates low to medium levels of dose-dependent mortality was observed,
characterizing the virulence as intermediate (Chiebao et al., 2016).

From previous studies in mice it is known that a primary infection with 7. gondii
stimulates the innate immune system, in particular the Toll-like receptors (TLRs), associated

with adaptor proteins like myeloid differentiation primary response protein 88 (MyD88),
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(Kawai and Akira, 2005) to produce IL-12 and IFNy. These cytokines will help to elicit an
adaptive Thl type immune response mediated by the proliferation of the CD4" and CD8" T-
cells (Innes and Vermeulen, 2006; Miller et al., 2009). However, an uncontrolled
inflammatory response can lead to immune mediated pathology, so the host must balance the
immune response to minimize tissue damage (Shaw et al., 2006), by the activation of a
complex set of immune response components, among them the regulatory T cells (Tregs).
The aim of this study was to characterize inflammatory markers and their association
with virulence in mice infected with different isolates of 7. gondii: either M4 (type I variant,
archetypal), Brl or BrllIl (non-archetypal) oocysts. The study sheds light on the pathology
inflicted by these different genotypes and the role they play.in clinical manifestations and
parasite kinetics during toxoplasmosis. Novel results are.presented addressing the effects of
different field isolates of 7. gondii on the immune response of mice and it correlates this

difference with virulence.

Materials and methods

Toxoplasma gondii oocysts

Sporulated oocysts of/ 7. gondii South American non-archetypal genotypes Brl (ToxoDB
RFLP#6, isolate. TgCatBr71) and BrlIll (ToxoDB RFLP#8§, isolate TgCatBr60) were obtained
from the faeces of cats fed brains containing tissue cysts from experimentally infected mice
of a previous study (Chiebao et al., 2019), as previously described (Dubey, 2010). The Brl
and Brlll strains were originally obtained from naturally infected cats (Pena et al., 2006) and
the sporulated oocysts were characterized (Chiebao et al., 2016). The sporulated oocysts of
the archetypal M4 strain (type II variant — ToxoDB RFLP#3) were obtained as previously
described (Benavides et al., 2011). The concentration of oocysts in suspension was

determined using a Neubauer counting chamber and the inoculum was prepared one hour
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before use.

Animals and experimental design

One hundred and ten 8 weeks-old female Swiss Webster mice were randomly divided into
four groups, one control group (group G1, n = 5) and three inoculated groups (groups G2, G3
and G4, n = 35 each) with five mice per cage being provided with food and water ad libitum.
Animals were kept at a containment level 2 facility.

All mice from G2, G3 and G4 were orally infected with ~50 7." gondii oocysts in
100ul of PBS of either the M4, Brl or BrlllI strain, respectively. Animals were monitored
twice a day for signs of clinical disease (Table 1). As part of.a serial analysis, five animals
from groups G2, G3 and G4 were euthanized at 24, 48, 72, 96 hours (h), 7, 14- and 21-days
post infection (dpi) by CO; inhalation followed by cervical dislocation. The five mice from
the control group (G1) were euthanized at the end of the experiment, at 21 dpi. Mice were
scored twice daily for coat condition (A). and demeanor (B) and any mouse that reached a
morbidity predetermined humane endpoint (A + B > 3) was euthanized (Table 1).

At post mortem examination samples of spleen and mesenteric lymph nodes (MLN)
were collected for RNA analysis; additionally, samples of small intestine (SI), heart, both
ocular globes (OG).and brain (cut along central line: 2 for DNA extraction and "2 for
pathology) were collected for DNA analysis. Brain, kidneys, lungs, liver, diaphragm and the
remaining gastrointestinal tract (stomach, SI and large intestine) were fixed in 10% buffered
formalin and paraffin-wax embedded for histological and immunohistochemical studies.
Samples for mRNA isolation were immediately placed in a CK28 Precellys tissue
homogenization tube (Stretton Scientific, Stretton, UK) containing 1mL of Trizol reagent
(Applied Biosystems, Foster City, USA). Samples for DNA extraction were placed into

sterile 1.5mL microcentrifuge tubes. All samples for RNA and DNA extraction were stored at
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-80°C prior to analysis.

RNA isolation and cDNA synthesis

The spleen and MLN samples were disrupted using a Precellys 24 tissue homogenizer
(Stretton Scientific, Stretton, UK) at 5000rpm for 60s. Thereafter, RNA isolation was carried
out according to manufacturer instructions for Direct-zol® RNA MiniPrep Kit (Zymo
Research Corporation, Irvine, USA). The concentration of the RNA was measured using the
Nanodrop ND1000 spectrophotometer (ThermoFisher Scientific, Winsford, UK), cDNA was
synthesised from 2ug of total RNA using the advised protocol. (MultiScribe® Life

Technologies, Waltham, USA) as previously described (Bartley et.al., 2013a).

Quantitative real-time RT-PCR

Primers were designed to evaluate mRNA ' expression of interferon gamma (IFNy),
interleukin 12 (IL-12), T-cells surface-markers CD8, CD4 and CD25 as well as receptor
adapters MyD88 and CXCR3. were 'studied (Table 2). Primers for the control gene
Hypoxanthine phosphoribosyltransferase (HPRT) were also generated. Amplification of
HPRT from cDNA was used as control for RNA integrity and cDNA synthesis. The
amplificationsof all analytes were normalized using HPRT. Each ¢cDNA (20ng/reaction)
sample was analyzed by RT-PCR in triplicate using standard amplification conditions
(Bartley et al., 2013b) using a Real-Time PCR instrument (ABI 7500, Applied Biosystems,
Foster City, USA). Each 20uL reaction contained 10uL of 2x fast SYBR green master mix
(Applied Biosystems, Foster City, USA), 1uL each forward and reverse primer (10mM), 4uL
distilled water (dH,O) and 4puL (20ng) cDNA with the resultant data being analyzed using the
SDS software.

To determine changes in the levels of transcription, we compared the AACt values
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created after normalization of data of the ACt of each analyte against the ACt value of the
HPRT, as a control reference (Bartley et al, 2019). Markers with higher levels of gene
expression result in lower Ct values. In some cases, results are displayed as negative values,
as the levels of transcription for their genes were greater than the levels of HPRT. Spleen
samples from G2 at 48h showed low levels of cDNA, probably due to technical problems
during sample homogenization and were therefore not included.

Standard curves were generated using known concentrations of each immunological
component to analyze the data using the SDS system software and statistically analyzed by
One Way ANOVA using Statistical Package for the Social Sciences (SPSS) software, version

16 (SPSS Inc., SPSS for Windows, Chicago, USA).

DNA extraction

DNA was extracted from approximately 1lg of homogenized brain tissue as described
previously (Bartley et al., 2013b). Briefly, thawed tissue was processed using the Wizard®
genomic DNA purification protocol (Promega Corporation, Madison, USA) and the final
DNA pellet was resuspended.in 200uL of RNase/DNase free water. For all of the other
tissues, samples were (finely chopped using sterile scalpel blades and 0.5g transferred into
2.0mL microtubes containing 0.8mL lysis buffer (50% KCI 1M, 20% Tris-HCL 500mM,
10% Gelatin A.R., 0.5% NP40 100% and 0.5% Tween 20, pH 8,3) and incubated overnight at
55°C with 20mg/mL proteinase K (Thermo Fisher Scientific, Waltham, USA). After this
incubation, the proteinase K was inactivated (98°C for 10 minutes) and the samples were
centrifuged, the resultant supernatant was then removed and processed through to DNA (as
above). The final DNA suspensions in 200uL RNase/DNase free water were stored at -20°C
prior to PCR analysis. Samples of water were processed along with each batch of samples;

these were used not only as additional negative controls but also acted as extraction controls
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to ensure no contamination occurred during the extraction process.

Diagnostic ITS-1 nested-PCR and host actin inhibition control PCR

The nested ITS1 PCR targets the multicopy 18S-5.8S rRNA internal transcribed spacer
(ITS1) region of the Toxoplasma parasite. Primers and methodology were previously
described by Burrells et al., (2013). To improve the sensitivity of the assay, each DNA
sample was analyzed in triplicate. A sample was considered positive if at least 1/3 replicates
returned a positive result.

First round reactions were conducted as described: standard 20ul PCR reactions
contained 2uL 10x PCR master mix (45mM Tris-HCL. 11mM (NHy4),SO4, 4.5mM MgCl,,
0.113mg/mL BSA, 4.4uM EDTA and 1.0mM dATP, dATC, dGTP, dTTP), 0.75 units
BioTaq (Bioline, London, UK), using 3.75uM of primers NN1-ext-F and NN1-ext-R (Buxton
et al., 2001), listed in Table 2 and 2uL. DNA. Positive control DNA was included with all
batches of samples and consisted of 7. gondii DNA derived from tachyzoites grown in tissue
culture, negative controls were also included these consisted of sterile DNase/RNase free
water and DNA extraction controls. All reactions were made to a final volume of 20uL with
sterile DNase/RNase free water. Reaction conditions were 5 min at 95°C, followed by 35
cycles of 1 minat 95°C, 1 min at 55°C, 1 min at 72°C and a final extension period of 5 min at
72°C. The reaction conditions for the second-round amplification were identical to the first,
with the following exceptions, the first round amplicon was diluted with 100uL of
DNase/RNase free water and 2pL. of this diluted amplicon was used as the template and
3.75uM of primers Toxo NP-1 _F and Toxo NP-2 R (Hurtado et al., 2001), were used. All
second round PCR products were visualized under UV light following electrophoresis in 2%
agarose gels incorporating Biotum Gel Red™ (1:10000 dilution) (Cambridge Bioscience Ltd,

Cambridge, UK).
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To ensure the integrity of the DNA in each sample and to ensure that any negative
result was not due to PCR inhibition, a PCR reaction which amplified host actin was carried
out using the diluted ITS1 first round products. The actin PCR used the same standard
master mix as previously described above for the ITS1 PCR, but with the following
differences: 2pL of diluted first round ITS1 PCR product was used as template and 4uM of
the primers Uni_Actin F3 and Uni_Actin R3 were used per reaction (Table 2). Cycling
conditions were as previously described for the nested ITS1 PCR. All PCR products were
visualized following electrophoresis in 2% agarose gels incorporating Gel Red "

To determine any statistical differences in the incidence of DNA detection in the
different groups a chi-square test was performed (for each day and organ separately)
(Massad, 2004; Minitab, 2019). The significance level of & =0.05 was adopted. In the case of
the pairwise comparisons between proportions (posthoe.test assuming an equal proportion of
positive results in each group), the Bonferroni correction significance level aponr = 0.016
(Hochberg, 1988) was applied. All statistical analyses were performed in R-Studio software,

Version 1.2.1335.

Histopathology and immunohistochemistry (IHC)

Formalin fixed paraffin embedded samples as described in the Animals and Experimental
Design section were processed as reported in Hamilton et al., (2019). Briefly, 5 um sections
were cut then processed immediately with haematoxylin and eosin (HE) for histological
examination. For immunohistochemistry (IHC), heat-induced epitopal retrieval (HIER) was
used by adding slides to citrate buffer (0.01M citric acid, pH6) and autoclaving them for ten
minutes at 121°C. Toxoplasma gondii rabbit polyclonal antibody (1:600 dilution, catalogue n°
PA5-16638, Thermo Fisher Scientific, Waltham, USA) and normal rabbit serum (HKVI;

1:500 dilution) for the negative control was applied to slides for 18-24 hours at 4°C. Next,
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goat anti-rabbit horseradish peroxidase (HRP) polymer from Dako Envision Kit K4001
(Dako North America Incorporation, Carpinteria, USA) was applied for 30 minutes at room
temperature then AEC (3-amino-9-ethylcarbazole) red chromogen solution (Vector SK-4200)
was applied for 30 minutes at room temperature (Benavides et al., 2011). All tissues were
then counterstained with hematoxylin and mounted with coverslips (Marienfeld Microscope
Cover Glasses, Lauda-Ko6nigshofen,
Germany) using Shandon Consul-Mount® Histology Formulation (Thermo Fisher Scientific,
Waltham, USA). Histology was carried out on all samples collected and the severity of
pathology was based on the number and size of lesions observed in the tissues examined. The

presence of T. gondii tachyzoites and cysts was assessed by IHC.

Results

Clinical observations

Clinical signs of acute toxoplasmosis were observed only in mice of G3 (stary stiff coat and
poor demeanor) and G4 (ruffled coat and hunched back). The scoring of the mice is
graphically summarized in Figure 1. In G3, eight mice were euthanized between 8 and 11 dpi
due to their clinical score; this was earlier than the scheduled time points of 14 and 21 dpi.
These samples were labeled as 8-11dpi for identification purposes and differentiation from
mice euthanized at their allocated time points as part of the serial analysis. Two mice in G3
recovered from acute disease, these mice were euthanized at 14 dpi as scheduled. Nine mice
in G4 displayed mild clinical signs of infection, five were symptomatic during the experiment
but were euthanized at their scheduled time point and four recovered to being asymptomatic

before being euthanized at their scheduled time point.

Post-mortem findings
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Enlargement of mesenteric lymph nodes and spleen was the main finding in mice from all
experimentally infected groups immediately after infection (24h). Organs were considered
enlarged when they were at least 1.5 times larger than in the control group. Mice from G2
showed splenomegaly and lymph adenomegaly until 7 dpi, after then only MLN enlargement
was observed at 14 dpi and nothing abnormal was noted at 21 dpi. Enlargement of the spleen
and MLN were consistently observed until 14 and 21 dpi in G3 and G4 mice, respectively.
The eight mice from G3 that were euthanized on welfare grounds at 8-10 dpi showed darker
lungs than the control mice; at 8-11 dpi, the livers, kidneys and spleens were either paler or
showed white spots in the surface. At 10 and 11 dpi the intestines were congested and empty
and all of the mice showed symptoms of dehydration (lethargic and skin tightened). G4 mice
presented with darker colored lungs at 14 and 21 dpi. The most severe splenomegaly was

present in G4 mice at 14 dpi, with spleens 3 times larger than those in G1 control mice.

Cell and marker phenotypes after Toxoplasma gondii infection

Mean levels of expression (cDNA) for immune markers from experimentally infected groups
(G2, G3 and G4) and uninfected G1 mice were plotted against time, which was established as
the horizontal axis for graphic representation (Figure 2). Results from mice euthanized at 8 to
11 dpi were shown separately in Figure 3. All expression comparisons were made to those of
Gl.

The marker for which most significant different expression profiles were seen in G2
mice was MyD88 in the MLN at 14 dpi and the spleen at 21 dpi (Table 3). For G3, altered
expression of the studied markers was demonstrated earlier at 48h after infection in the spleen
and continued until 8 to 11 dpi in both MLN and spleen, in which increased significant
results were observed (Table 3) most frequently for CD8, CD25 and IFNy. The increase in

expression of markers in G4 mice started at 96 hours after infection onwards and remained
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upregulated until the end of the experiment, the MLN was the tissue for which most
significant results were observed at 14 dpi (Table 3). Detailed results by specific markers and

organs are described below.

CD4

Alterations in the expression of this T cell marker were observed in the spleen of mice from
all experimental groups (Figure 2B). For G2 (Type II) there was a tendency for upregulation
of CD4 expression at 72h, 96h (Supplementary material) but significantly. decreased (P =
0.006) at 7 dpi compared to the control group. It was observed that the CD4 marker
expression was also significantly decreased (P=0.004) in G3 (Genotype Brl) mice that were
euthanized due severe toxoplasmosis at 8-11 dpi. «The G4 (Genotype Brlll) mice
demonstrated significant decreases in CD4 expression.in spleen samples at 14 and 21 dpi

(P=0.008 and P=0.049, respectively) compared to the control mice (Figure 3).

CDS8

Significant increases in mean levels of transcription of CDS8, a marker of cytotoxic T
lymphocytes, were seen in.mice from G3 in the spleen at 48h (P=0.032). However CD8 was
significantly downregulated in the spleen at 7 dpi (P=0.018) (Table 3, Figure 2F) and both in
the spleen and MLN at 8-11 dpi (P=0.045 and P<0.001, respectively) of G3 mice compared
to the G1 controls (Figure 3). The mice in G2 demonstrated increased expression of CDS8 in
the spleen during early timepoints 72h and 96h pi (Supplementary material) however, as
observed for G4, no statistical differences were demonstrated when comparing these results

with the data from G1.

IFNy
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The mean expression levels of this cytokine were significantly increased in the MLN of mice
from G4, at 96h, 7 and 14 dpi (P=0.009, P=0.009 and P=0.003, respectively), compared with
control group (Table 3, Figure 2C). In mice from G3 with symptoms of acute toxoplasmosis,
euthanized between 8-11 dpi, IFNy showed significantly higher expression levels in both
MLN and spleen (P=0.004 and P=0.046) (Figure 3). Except at 72h pi (Supplementary
material), in mice from G2 the IFNy expression level observed was comparable with control

group and no significance was observed for this group.

IL-12

Significantly increased expression of IL-12 was only observed in MLN samples from the
groups of mice infected with the non-archetypal strains of 7. gondii. For G3 mice at 8-11 dpi
(P=0.004) and for G4 mice, at 7 and 14 dpi (P=0.018 and P=0.009, respectively) (Figure 21).
In the spleen, the mean levels of expression of TL-12 were comparable with G1 (control),

except at 96h for G2, but this difference was not significant.

MyD88

MLN and spleen samples from mice from G2 exhibited higher levels of MyD88 expression,
an adapter molecule. for receptors of antigen presenting cells, compared with the control
group at 72h (Supplementary material). However, at 14 and 21 dpi levels of MyDS88
expression from the G2 mice were significant lower (P=0.047 and P=0.042, respectively)
than G1. For G3 in the spleen at 96h pi significantly less MyD88 expression was observed
(P=0.05) compared to G1. Only G4 showed significant upregulation at 7 dpi, and only for the
spleen (P=0.046). From 24 to 72h, MyD88 expression levels were comparable to control in
the non-archetypal groups (Supplementary material). In G3 mice that survived acute

toxoplasmosis and were analyzed at 14 dpi, decreased expression levels of MyD88 was
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observed (Figure 2L) but without significance and it is noteworthy that, compared with G1,

this marker was the least altered in mice with severe disease, euthanized between 8-11 dpi

(Figure 3).

CXCR3

Mean levels of the neutrophil surface activator marker CXCR3 were significantly increased
only once in the studied time points, this was seen in the MLN of mice from G4 (BrlIll) at 14
dpi (P=0.047) (Figure 2G). Apart from this, expression was comparable to the control group

profile in the tissues of the other groups.

CD25

For CD25, a marker present on Tregs and early phase lymphocytes, significant higher levels
of gene expression were observed in G3mice (Brl) already showing clinical symptoms of
toxoplasmosis (Figure 1) at 7dpi (P=0.044) (Figure 2N) and in animals euthanized at 8-11
dpi, in both MLN and spleen (P<0:0001 and P=0.022, respectively) (Table 3, Figure 3).
Expression levels in G2 mice (archetypal Type II variant) were comparable with G1 (control)
at all time points studied. In"G4, significantly reduced levels of CD25 expression were seen

in the spleen at 14 dpi (P=0.023) (Figure 2N) compared to the G1 controls.

Detection of parasite DNA in mouse tissues

Results obtained from brain, heart, SI and OG samples collected from all experimental
groups of mice at all time points between 24-96h were negative for the detection of parasite
DNA. Positive results are shown in Table 4. A more widespread dissemination of parasite
DNA was observed in G3 compared to the other experimental groups. The G2 mice infected

with the archetypal strain M4 (Type II variant, RFLP#3) demonstrated only three PCR
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positive results (brain), two at 7 dpi and one at 14 dpi. Parasite DNA was detected initially
(7-14 dpi) in the brains of the G4 mice infected with the intermediate virulent genotype
(BrIlIl) only being found in heart (1/5) and OG (1/5) on 21 dpi. For the G3 mice infected with
the virulent isolate (Brl) OG samples from 4/5 mice tested PCR positive on 7 dpi and a
further 8 out of 15 mice that tested positive between 7-14 dpi for at least one OG sample.
Although the chi-square test for proportions (Table 5) pointed towards statistical
association between the samples considering the OG at 7 dpi (P=0.004) and the brain at 14

dpi (P=0.015), none posthoc test indicated association.

Histopathology and Immunohistochemistry
No lesions or parasites were identified in any section examined from any of the G1 or G2
mice throughout the course of the experiment.

The G3 mice euthanized at 7 dpi and-between 8 to 11 dpi showed moderate to severe
lesions in most tissues examined. The most severe lesions were seen in the liver (Figure 4A),
intestine, and in lungs of mice ~euthanized between 9 and 11 dpi. In the brain,
meningoencephalitis was observed at 9 and 10 dpi and it was characterized by few small
perivascular cuffs, glial foei and in one brain with central necrosis. In the other organs
examined variable degrees of mononuclear inflammatory infiltrate was present at 7 dpi and
from 8 to 11 dpi. At 7 and 11 dpi, parasites were found in high numbers in the majority of
tissues, often in, predominantly in the form of tachyzoites (Figure 4F). Mild lesions and few
parasites were occasionally found in the G3 mice euthanized at 14 dpi.

In G4 mice, moderate to severe lesions were usually seen at 14 and 21 dpi in most
tissues examined. The brain and lungs were the most severely affected organs. In the brain,
the main finding was meningoencephalitis (Figure 4D), characterized by numerous small

perivascular cuffs and few glial foci. In the lungs, all mice euthanized at 14 dpi and three of
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the five mice euthanized at 21 dpi had moderate to severe mononuclear inflammation and
necrosis (Figure 4G). In the liver, mild to severe lesions were present from 7 dpi until 21 dpi.
Low to moderate numbers of 7. gondii parasites were first identified in the lung, liver and
intestine of G4 mice at 7 dpi. At 14 and 21 dpi, parasites were most abundant in the brain and
lung. Presence of parasites in other tissues was sporadic and low. Tissue cysts were the
predominant form of the parasite found in this group and they were often not associated with

lesions (Figure 4H).

Discussion

In the acute phase of infection caused by non-virulent strains of 7. gondii the sporozoites
penetrate the intestinal lamina propria, stage differentiates into tachyzoites and disseminates
systemically. Once the parasite is controlled by thesimmune system, a persistent infection is
established with tissue cysts forming in the central.nervous system (Dubey, 2010). However,
infection with virulent isolates in mice may lead to death (Hill et al, 2012) due to
uncontrolled proliferation of the ‘parasite or leading to immune imbalance of the Thl
response, as reported for European laboratory strains of 7. gondii (Ajioka and Soldati, 2007).
Previous information ¢oncerning host-pathogen immune response interactions examined by
intraperitoneal “inoculations of tachyzoites in mice have been obtained using archetypal
strains Type III (Tuladar et al., 2019), Type II (Fox et al., 2016) and Type I (Torres et al.,
2013), but less data are available regarding oral infection (Detavernier et al., 2019).
Currently, only a few studies have shown results of the responses between the host immune
system with non-archetypal parasites (Lu et al., 2018; Meireles et al., 2015; Jin et al., 2019).
To help understand differences in virulence between non-archetypal 7. gondii strains, we
report here novel information about tissue trophism, morbidity, mortality and the concomitant

development of early immune responses of mice following an oral challenge with oocysts of
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genetically distinct 7. gondii genotypes, including two field strains. The morbidity/mortality
results of mouse infections with non-archetypal genotypes Brl (G3) and Brlll (G4) are
comparable with clinical observations from a previous study in which 9 of 10 mice inoculated
with 50 oocysts from isolate TgCatBr71 (Brl) died of acute toxoplasmosis and all mice that
were infected with TgCatBr60 (Brlll) survived (Chiebao et al., 2016). This high and
intermediate virulence for Brl and Brlll 7. gondii, respectively, was also observed in our
results. The present study also included more observations of lesions and the reactive spleens
and MLN in experimental infected groups, which were more evident in G3 and G4; a high
number of pro-inflammatory immune response markers significantly altered in G3 and
seconded by G4; and more varied tissue distribution for the Brazilian strains.

During this current study the lack of statistical significance of the qRT-PCR for the
immunological marker expression levels for mice from G2 in comparison to uninfected (G1)
control mice may be due to variations in résponses. observed among the outbred individuals.
Despite increased levels of expression for.CD8 and MyD88 were observed in G2 at 48h and
for CD4 and IL-12 at 96h pi:(though these were not statistically significant), the only
significant result for T cells markers was the splenic CD4 downregulation at 7 dpi. An
important common finding for the infected mice (G2, G3 and G4) was the observation of
lymph adenomegaly and splenomegaly at necropsy which is an indication of infection by the
parasite. This isin agreement with a separate study in which spleen enlargement was also
observed in BALB/c mice after 7 dp1 with tachyzoites with different 7. gondii laboratory
strains (Zhang et al., 2018). The absence of any pathological lesions or demonstrable
parasites from G2 (M4) shows that this isolate demonstrated lower virulence than the non-
archetypal strains and it seems that oocyst infection with this Type Il parasite tends to be
milder than tachyzoite infection (Sanchez-Sanchez et al., 2019). Signs of parasite

dissemination (DNA) were evidenced by the PCR results of the brain samples at 7 and 14
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dpi. Infection of outbred mice with 7. gondii Type II isolates does not usually lead to the
development of severe disease and this was confirmed in the current study, in G2 mice. This
could be further evidenced, since G2 mice did not show any pathological lesions or parasites
when examined histologically. Similar results were observed by Bezerra et al., (2019),
showing that mice infected with the ME49 strain (Type II) had lower number of parasites in
the central nervous system samples compared to the VEG strain (Type III).

The lack of significant expression of activated T cells markers from G2 and G4,
compared to G3 may be related to the low levels of pathogen-associated molecular pattern
(PAMP) presentation after phagocytosis of sporozoites, which has been previously described
in gut cells of mice (Guiton et al., 2017). Discrepancies with T.cell expressions in this study,
compared to previous results (Saeij et al., 2005) could be related to the infective stage, since
oocysts were used in this study while others performed infection with cysts or tachyzoites,
which could lead to differences in the<timing.and magnitude of the immune system
stimulation.

There were significantly. higher'levels of pro-inflammatory cytokines for the spleen
samples from the non-archetypal genotype G3 (Brl) mice euthanized at 8 to 11 dpi
comparison to the control mice. In contrast, in the MLN at 7 dpi for G4 (Brlll) there was
already upregulation._of the pro-inflammatory cytokine marker IFNy (P=0.009), which
remained significantly increased at 14 dpi (P=0.003). The increase in IFNy expression
coincided with the significant activation of the IL-12 gene (P=0.009) and increased
expression levels of the neutrophil surface activator marker CXCR3 (P=0.047). These
observations suggest that a longer and controlled immune response at the initial site of
infection balanced with an adequate expression of pro-inflammatory components at other
lymphoid organs was helping to diminish clinical symptoms and in the establishment of

chronic toxoplasmosis. Increased expression of IFNy and IL-12 markers was also observed a
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little later in G3, at 8-11 dpi in the MLN (P=0.004 and P=0.001, respectively), while IFNy
expression was also shown to be significantly higher (P=0.046) in the spleen. Previous
studies using tachyzoites from archetypal strains of 7. gondii (Types I and II) observed
differences in the expression levels of IL-12. These differences were observed at around 3 to
5 days post infection, with higher levels of expression observed for the Type II strain instead
(Zhang et al., 2018). The Type I genotypes induced a lethal infection in mice, which was
combined with the production of high serum levels of IFNy and IL-12 (Mordue ef al., 2001).
These results are in agreement with the findings of the present study for G3 (Brl). It would be
interesting to examine the interplay between IL-12 and IFNy further in determining clinical
outcomes as it may offer a basis to evaluate if parasites from the Brlll non-archetypal
genotype may have developed a mechanism to control excessive IFNy production and
thereby, avoiding the deleterious consequences of a'strong Thl response.

At 48h to 96h pi, lower expression levels of CXCR3 in G3 mice were observed in the
MLN, compared to G1 (control) and this combination of results may suggest a predominance
of a Th2 type immune response.tAs previously described, the lack of induction of cell surface
receptors like CXCR3 of Thl cells can lead to increased susceptibility to disease and is
observed when neutrophils.are depleted early after infection (Miller et al., 2009).

The TLLR-MyD88 signaling cascade was identified as essential to parasite detection by
the innate immune response of mice infected with archetypal strains such as RH and ME49
(Gazzinelli et al., 2014). In the current study, this dependence was corroborated in mice from
G4 (Brlll), with high levels of expression observed at 7 dpi (P=0.046). A MyD88-dependent
pathway required for mice survival was demonstrated previously, which occurred earlier than
the present study (4 dpi) and when tachyzoites of the archetypal Type II strain were used
(Sukhumavasi et al., 2008).

Mice from G2 (Type II) and G3 (Brlll) with acute toxoplasmosis showed a
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completely different result from G4. In mice from G3 a MyD88-independent pathway: with
significantly lower expression of MyD88 was observed in spleen samples at 96h pi
(P=0.050).

In G2 however, MyD88 expression was initially upregulated at 72h pi and then
decreased levels of expression were seen in the MLN at 14 dpi (P=0.047) and in the spleen at
21 dpi (P=0.042). This early MyD88 dependent pathway, followed by the decrease in
expression, could explain the better control of the infection of the M4 strain. As suggested
before, gene expression of proinflammatory response is different according with the virulence
of the strain of Toxoplasma (Hill et al., 2012). Previously, it was also demonstrated that IFNy
production is delayed in the absence of MyD88 (Sukhumavasi et al., 2008), therefore the
correlation between downregulation of MyD88 and lack«of IENy expression observed in G2
could also be a mechanism related with the low virulence of this parasite genotype.

Another important difference between. groups was noted. Compared to GI, a
significant increase in expression of the T cell marker CD25 was observed in mice from G3
infected with the virulent strain Brl'on days 7 (P=0.044) and 8 to 11 in the spleen (P = 0.022)
and at 8-11 dpi in the MLN (P < 0.001). This upregulation appeared to occur in severely ill
mice just before they were euthanized in the acute phase of disease, but not in the G3 mice
that recoveredfrom acute toxoplasmosis. This may mean that the immune system of the mice
showing severe  clinical symptoms is trying to suppress the intense activation and
proliferation of Thl cells and the subsequent cascade of proinflammatory products.
Alternatively, it could also reflect differences in parasite dissemination. In the groups with
the more virulent parasites, more samples were positive for parasite DNA by PCR, indicating
that the virulent parasites are disseminating more effectively. The increased immune
responses represented by T cell markers CD8 (P < 0.001 at the spleen) and CD25 higher

expression may be reflecting an increased parasite exposure. Previous in vitro studies (Saeij
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et al., 2005; Dardé¢, 2008) with an archetypal virulent type I strain showed that higher growth
rates in cell culture may either be due to a higher reinvasion rate or to a shorter doubling
time, both of which increase the number of parasites. Both facts could explain the increased
incidence of parasite DNA positive tissues seen in mice from G3 in the current study. The
invasion ability of 7. gondii types I, Il and III were compared in vitro before and cellular
parasite penetration was enhanced in type I strains, compared to type II (Barragan and Sibley,
2002).

Histopathological data from the non-archetypal genotypes supports.the significantly
higher expression levels of IL-12 and IFNy, since the great majority of lesions and parasites
in the tissues and the significant expressions of the proinflammatory cytokines were observed
between 7 and 14 dpi. The G3 mice had no pathology or«Z7oxeplasma DNA in tissues up to a
week (24-96h) after infection. In this group from 7.dpi to 11 dpi, parasites were found in high
numbers in all organs but especially in the.liver, .lungs and intestine. Pathology was most
consistently severe in the liver and intestine between 7 and 11 dpi and in the lungs from 9 to
11 dpi. Lesions and parasites were frequently found in the kidney, an organ not extensively
studied in toxoplasmosis research. Most kidney samples with at least moderate lesions were
also pale in appearance at postmortem. At 14 dpi, only mild lesions and infrequent parasites
were found in the lung and liver, respectively, by IHC. However, PCR analysis gave different
results, identifying DNA parasite in the brains of most mice from the Brl (14/15) and Brlll
(13/15) at 7 and 14 dpi. This difference may have occurred due to low numbers of parasites
and their heterogeneous distribution resulting in the parasites being missed when sections
were cut for IHC. The changes described in the most severely affected organs may explain
some of the clinical signs observed in euthanized mice in this group, however, it is possible
that the parasitaemia and immune response (also indicated by splenomegaly and

lymphadenopathy detected at post mortem) were also significant contributing factors to the
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mouse morbidity and mortality. In a previous study on 7Toxoplasma burden in tissue samples
of mice infected with tachyzoites of the virulent RH strain using qPCR, it was reported that
significantly higher parasite loads were observed earlier than in our study, at 24 and 48h pi.
The parasites were also mainly located in the liver and kidney, although the lungs were not
analyzed in their study (Dadimoghaddam et al., 2014). Tachyzoites appear to be the most
frequent form of the parasite identified in Brl infected G3 mice, compared with G4 mice
infected with BrlIll in which bradyzoite (tissue cysts) were found more often. From our
current results, it could be speculated that the virulent strain remains in the acute phase for
longer. Therefore, the timing at which tachyzoites and bradyzoites begin to-be found could be
an indicator for strain virulence.

In this current mouse study, an important observation is that OG (eyes) appear to be a
site of predilection for the virulent Brl strain (G3). This tropism is in accordance with a
previous study in which 7. gondii was quantified in high loads in eyes from mice after three
days of infection with an archetypal Type. I strain (Dadimoghaddam et al., 2014). This early
finding may be related to the intraperitoneal injection method and the use of tachyzoites
(Dadimoghaddam et al., 2014) rather than using oocysts as described in this study. Collection
of the OG may represent a viable sampling tissue for detection studies (saving the brain for
isolation purposes) and indicate that ocular infection could be a virulence related trait, as
observed in human toxoplasmosis in Brazil (Lopes et al., 2009; Herrmann et al., 2014;
Mendes et al., 2014). Although no statistical significance was observed, the biological
significance of the many PCR positive results in G3, at earlier timepoints, in specific organs,
is clear. This positivity suggests that the virulent isolate (Brl) is driving a proinflammatory
response that could lead to parasite evasion by dissemination to immune privileged organs,
such as OG and brain.

Mice from G4 (BrllI) did not show severe pathology or high parasite dissemination in
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the majority of organs during the acute stage of infection, before 14 dpi. No parasites were
detected with IHC in the brain before 14 dpi but parasite DNA was detected by PCR in all
animals at 7 dpi. Again, it is possible that there were low numbers of parasites and they were
not detected, or they were not present in the histological section. At 14 and 21 dpi, brains and
lungs were the most affected organs. At 21 dpi, lesions were less severe and parasite invasion
was reduced in organs compared to 14 dpi which may suggest a resolving infection as a result
of an adequate immune response and may be further supported by the reduced incidence of
splenomegaly and lymphadenopathy. This reduction in pathology ~was in lambs
experimentally infected with oocysts of 7. gondii (M4 Type II variant), with a reduction in
lesions in the central nervous system from 14 dpi (Katzer.et al, 2014). Large genetic
variability of 7. gondii in Brazil has been shown both in animal and human reservoirs, which
could be implicated in the clinical disease outcome: Recent studies in Brazil predominantly
reported diverse new non-archetypal genotypes; the most common single genotype found was
BrllI and it was identified in chickens, horses and wild mammals (Fournier et al., 2014; Pena
et al., 2018a; Silva et al., 2018) in" addition a type I genotype, although rare, was also
described (Pena et al., 2018b). Finding such diverse strains supports the need for further
studies comparing specific and cross protection immune responses raised against them by the
hosts.

Mice infected with Brl (G3) failed to generate a sufficiently robust protective immune
response to overcome the disease caused by the virulent Brl genotype. Two hypotheses are
given as to why this may have happened. Firstly, the virulent parasites induce an internal
mechanism to suppress immunomodulation, as reported in the CTLA-4 blockage by
Trypanosoma cruzi (Martins et al., 2004) and the excessive levels of resultant cytokines were
lethal. Secondly, since the severely ill mice had higher expression levels of IFNy than

surviving mice and we demonstrated that its balanced production is important to overcome
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disease, then the virulent parasite could be stimulating its pathway. The mucosal immunity
balanced with a controlled Th1 response in other tissues from the intermediate virulent strain
(G4, BrlIl) could be the optimal pathway stimulated to disease chronification and parasite
propagation. The whole mechanism of action involved in the infection by different genotypes
of T. gondii must be elucidated and future studies should also consider the role of the
differences in growth rates of the parasite.

Overall, the results showed an overview of key molecules involved in the initial
immune response against non-archetypal and archetypal strains of the parasite in mice and
that virulence differs between strains, not only due to immune response stimuli variation but
it is also due to different kinetics of gene expression. The present study has provided a basis
for more evaluations of other possible pathways, for example host related regulatory
compounds, like Foxp3 and ocular cytokinomes,-or alternatively parasite virulence genes

such as polymorphic rhoptry protein kinases: ROP18 and ROPS.

Supplementary material

Available on the Cambridge University Press platform alongside the article.
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Table 1. Mice scoring system listing the criteria to euthanize an animal after experimental
infection (total score = A+B)

Category Description Score
Sleek/glossy coat 0
A=Coat Condition Ruffled coat 1
Stary stiff coat 2
Bright and active 0
B Hunched 1
B=Demeanor A reluctance to move 1
Tottering gait 1
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Table 2. Marker name, primer sequence, identification and references of the primers used for qRT-

PCR 1in mice tissues

Marker

Sequence

GenBank accession

Reference

HPRT

CD4

CDS8

CD25

IFN-y

IL-12

CXCR3

MyD88

5’- TGCTGACCTGCTGGATTACA-3’
5’- TATGTCCCCCGTTGACTGAT-3’

5’- AGGAAGTGAACCTGGTGGTG-3’
5’-CTCCTGCTTCAGGGTCAGTC-3’

5’- CCGTGAGGGACACGAATAAT-3’
5’- GACTGGCACGACAGAACTGA-¥’

5’- AGAACACCACCGATTTCTGG-3
5’- CTGTGGGTTGTGGGAAGTCT-3’

5’- GCGTCATTGAATCACACCTG-3’
5’- TGAGCTCATTGAATGCTTGG-3’

5’- AAGCCACCAGTCCCAGTATG-3’
5’- GAACAGGCCACAGTTCCATT-3

5’- GCAAGTTCCCAACCACAAGT-3’
5’- CAAAGTCCGAGGCATCTAGC-3’

5’- ACTGGCCTGAGCAACTAGGA-3’
5’- TGTCCCAAAGGAAACACACA-3’

J00423

NMO013488

MMU34881

BC114437

NMO008337

NMO008354

NMO009910

NMO010851

(Konecki et al.,
1982)

(Ganesan et al.,
2013)

(Johnson-Tardieu
et al., 1996)

(Strausberg et al.,
2002)

(Shibata et al.,
2014)

(Hoeman et al.,
2013)

(Chiu et al., 2013)

(Wang et al.,
2014)
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Table 3. One Way ANOVA significant results obtained after gRT-PCR analysis of markers from
immunological components expressed by tissues of mice experimentally infected with
different strains of Toxoplasma gondii against the ACt value of HPRT from non-infected
mice. Up and down arrows represent up and downregulation, respectively

Groups compared with G1 (control)

G2 (Type II) G3 (Brl) G4 (BrlII)
4 dpi
8-11 dpi LIFNy (P =0.009)
_ 7 dpi
% i |CD8 (P=0.045) bt
R vy _ HIFNy (P =0.009)
= TIL-12 (P =0.001) /
= IMyDS8 (P=0.047) o0 s pog.ooory  L4doi
HFNy (P=0004)  CXCR3(P=0047)
e HL-12P=0.009)
TIENY. (P= 0.003)
2 dpi
i%Dis (P=0032) ..
pi IMyD88 (P=0.050) 1 MYD88 (£=0.046)
s 7 dpi
Z  |cD4(p=0006) Ldpi 4o
= LCD8 (P =0.018) _
> 1CD25 (P = 0.044) LCD4 (P = 0.008)
R Ve ' LCD25 (P =0.023)

_ 8-11 dpi
IMyD88 (P=0.042) /o1y p = 0.004)

21 dpi

1CD8 (P<0.0001) =
1CD25 (P=0022)  1CD4(P=0.049)
AIENy (P = 0.046)
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Table 4. Toxoplasma gondii DNA detection by ITS1 nested-PCR in tissues from
mice orally infected with oocysts from different genotypes

Tissue
T. gondii genotype DPI SI Heart Brain oG
7 0(5 0(5) 2(5) 0(5)
G2 - M4 (type 1I) 14 0 (5) 0 (5) 1(5) 0(5)
21 0(5 0(5 0(5 0(5
7 0(5 2(5) 4(5) 4(5)
G3 - Brl 8-11 0(8) 1(8) 8(8) 3(8)
14 0(2) 0() 2(2) 1(2)
7 0(5 0(5) 5(5) 0(5)

G4 - BrllI 14 0(5) 0 (5) 5() 05

21 0(5) 1(5) 3(5) 1(5)

DPI = days post infection
SI = small intestine

OG = ocular globe

() = number of mice tested
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Table 5: P-value obtained from proportion chi-square test for each evaluated organ, considering the
three genotypes of Toxoplasma gondii. Each statistical test was specifically performed for 7,
14 and 21 days. The significance level was assumed as o = 0.05 and oinr = 0.016 for
posthoc test.

SI Heart Brain oG

Proportion chi-square test
(0=0.05)
NA 0.100 0.092  0.004
Pairwise comparisons between
proportions (tpenr = 0.016)

07 Days G3 (Brl) — G2 (Typell) NA 0.86 1.00 0.11
G4 (BrllI) — G2 (Typell) NA NA 0.50 NA
G4 (BrlIlI) — G3 (BrD) NA 0.86 1.00 0.11
Proportion chi-square test
(a=10.05)

NA NA 0.015 + 0.065
Pairwise comparisons between
proportions (penr = 0.016)

14 Days G3 (Brl) — G2 (Typell) NA NA 0.28 1.00
G4 (Brlll) — G2 (Typell) NA NA 0.11 NA
G4 (BrlIl) — G3 (Brl) NA NA NA 1.00
Proportion chi-square test
(0=0.05)

NA 1.000 0.168  1.000
Pairwise comparisons between
proportions (penr = 0.016)

21 Days  G3 (Brl) — G2 (Typell) NA  NA NA  NA
G4 (BrlIl) — G2/(Typell) NA 100 0.17  1.00
G4 (BrlIT) < G3/(Brl) NA  NA NA  NA

NA: Not available
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Figure 1. Variation of mean value of scoring (M) and standard deviation according to the
clinical findings in mice experimentally infected with Type II, genotypes Brl and BrlllI (G2,
G3 and G4, respectively) of Toxoplasma gondii. Vertical axys stands for the sum of daily
scoring in each mouse according to the following criteria: 1= ruffled coat or hunched back; 2
= ruffled coat and hunched back or.reluctance to move; 3 = stary stiff coat and hunched back;

4 = stary stiff coat, hunched back, reluctance to move and dehydration

Downloaded from https://www.cambridge.org/core. University of Glasgow Library, on 07 Jan 2021 at 16:27:51, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/50031182020002346


https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0031182020002346
https://www.cambridge.org/core

15

0.5

CD4

-0.5

-1.5

-2.5

IFNy
N

-1

1.5

0.5

cbs
S

-0.5

-1.5

4.5

3.5

2.5

1.5

CXCR3

0.5

-0.5

uG4
Gl

MESENTERIC LYMPH NODES

o

il

14dpi

———

0. ITi .
L S—"

21dpi

*

G2
mG3

Infected with Type Il T. gondii

Not infected control group

Infected with Genotype Brl T. gondii
Infected with Genotype Brlll T. gondii

cD4
o

IFNy

1.5

0.5

cD8

-0.5

-1.5

CXCR3

SPLEEN

[ WDII
1

dpi ! I 21dpi

14dpi l

-

——

7dpi

|
Ilﬁ

[
14dpi 21dgi ‘

cont.

Downloaded from https://www.cambridge.org/core. University of Glasgow Library, on 07 Jan 2021 at 16:27:51, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/50031182020002346



https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0031182020002346
https://www.cambridge.org/core

cont.

MESENTERIC LYMPH NODES SPLEEN
5 4
4 3
3 } I 2 I |I
o 2 ~ 1 [ ‘ ' I
: MR I |
5 i T N/D 7dpi 14dpi 21dpi
;d, 14dpi 21dpi .
-1 % -2
|
22 3 J
25 35
2 i 3
1.5 [ 2.5
1 ] 2 =
® 05 ® 15
SR B W i g ] I l
= | = et 2
05 Tﬁ% 14 21dpi 0.5 i L i
-1 0 I ﬁ ! N/D ]’
45 ‘ BE . Td;; 14dpi 21dpi
2 1
3 3
25 :
2 2
15
' [
1
5 }[ [LT"L WD+1 & os [ fﬁ
a 3 : i a o _ - . T N/D
. de 14dT l 21dpi o 3e 1 l’g | dpi T l 21dpi T
1 .
2 1.5
M -2
3 25 N

G2 Infected with Type Il T. gondii
mG3
mG4
BG1

Infected with Genotype Brl T. gondii
Infected with Genotype Brlll 7. gondii

Not infected control group

Figure 2. Mean levels and standard deviation of AACt values for mRNA expression of
immune response genes normalized against HPRT from samples of spleen and mesenteric
lymph nodes (MLN) of mice at different timepoints (hours = h, and days post infection = dpi,
not determined = N/D) after challenge with M4, Brl and BrllIl oocysts (G2, G3 and G4,

respectively) of Toxoplasma gondii. Results are compared with negative control (G1). P
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value was determined using the one-way analysis of variance (*P<0.05, **P<0.01,
**%P<0.001). (A, B) CD4; (C, D) IFNy; (E, F) CD8; (G, H) CXCR3; (I, J) IL-12; (K, L)

MyD88; (M, N) CD25
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Figure 3. Mean levels and standard deviation of mRNA expression of CD4;.IFNy, CD8, CXCR3, IL-12, MyD88 and CD25 markers in the spleen and
mesenteric lymph nodes (MLN) of mice euthanized due to severity of symptoms at 8-11 days post infection after challenge with Brl oocysts (G3) of
Toxoplasma gondii. Results are compared with negative control.(G1). P value was determined using the one-way analysis of variance (*P<0.05,

**P<0.01, ***P<0.001)
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0 pm - . : 100 um - Opm. _ 50 pm

Figure 4. Lesions and parasite detection in haematoxilyn and eosin (HE) staining and specific labeling by immunohistochemistry (IHC) from tissues of
mice infected with different strains of Toxoplasma gondii. (A) and (E): Liver from a G3 (genotype Brl) mouse euthanized at 9dpi. Focus of necrotizing
mononuclear hepatitis (A, circle, HE, bar100 pm), large number of immunolabed tachyzoites and a moderately large cyst (arrow) within lesions (E,
IHC, bar 100um); (B) and (F): Kidney from a G3 mouse euthanized at 9 dpi, small mononuclear focus of nephritis (B, circle, HE, bar 100 um), and
large number of immunolabed 7. gondii tachyzoites and cysts associated or not (arrow) with lesions (F, IHC, bar 100 um); (C) and (G): Lungs from

mice from G4 (genotype Brlll) euthanized at 14dpi. Large focus of necrotising interstitial pneumonia with mild central necrosis (C, HE, bar 100pum),
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immunolabelled 7. gondii cysts (arrow) not associated with lesions (G, IHC, bar 50um); (D) and (H) Brains from G4 mice euthanized at 14 dpi. Small
mononuclear perivascular cuffs (D, circle, HE, bar100 um), immunolabelled 7. gondii cysts and single tachyzoite not associated with lesions (H, IHC,

bar 50 um)
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