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cells, and proliferative response and cytokine release, �nally leading 
to GI in�ammation [13,14]. Enhanced density of dendritic T cells 
was observed in the colon of ASD children with GI tract disturbances 
compared to controls [6]. (Nb. it should be noted that the host-
endoplasmic reticulum-parasitophorus vacuole interaction provides a 
route of entry for antigen cross-presentation in T. gondii-infected DCs 
[15]). Chronic in�ammation in the gut can damage the epithelial cell 
layer, and D’Eufemia et al. [5] showed abnormally increased intestinal 
permeability in 9 out of 21 analyzed autistics (43%) but in none of the 
40 controls [8]. de Magistris et al. [16] also reported abnormally high 
intestinal permeability in their sample of patients with ASD and their 
�rst-degree relatives compared with controls (36.7% and 21.2% vs. 
4.8%, respectively). 

In several autistic patients Ashwood and Wake�eld [9] reported 
increased levels of proin�ammatory cytokines TNF-� and IFN-�, and 
reduced levels of regulatory IL-10 cytokine in peripheral blood and 
mucosal lymphocytes. PBMCs from ASD children stimulated with LPS 
produced higher levels of TNF-� than controls regardless of dietary 
interventions [17]. In PBMCs from ASD children with positive GI 
symptoms, Jyonouchi et al. [17] found a positive association between 
TNF-� levels produced by LPS and those with cow’s milk protein. In 
the unrestricted diet group, GI positive ASD PBMCs produced higher 
IL-12 than controls and less IL-10 than GI negative ASD PBMCs with 
LPS. Furthermore, some studies suggested an association between gut 
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1.	TH17 adaptive immune responses (IL-23, IL-6) peaked around 
birth and declined over the following 2 years only to increase 
again by adulthood; 

2.	antiviral defense (IFN-�) reached adult level function by 1 year 
of age; 

3.	TH1 type immunity (IL-12p70, IFN-�) slowly rose but remained 
far below adult responses at 2 years of age; 

4.	IL-10 production steadily declined from from a high around birth 
to adult levels by 1 or 2 years of age; and

5.	production of TNF-� or IL-1� varied by stimuli [198].

�ese changes support TH17- and TH2-type immunity promote 
defense against extracellular pathogens, and have a reduced capacity 
to reinforce TH1-type responses, which promote defense against 
intracellular pathogens [197]. In this context, it must be noted that TLR9 
expressed by a variety of cells, including epithelial cells, B cells, and 
dendritic cells, is required for the gut-associated e�ective development 
of lymphoid tissue TH1-type immune response following oral infection 
with T. gondii [199]. Murine mesenteric lymph node dendritic cells also 
showed protective mucosal TH2 immune response against the parasite, 
including a production of speci�c secretory IgA [200]. In addition, 
innate recognition by TLR4 was involved in protective mechanisms 
against peroral infection with T. gondii ME49 [201]. Furthermore, the 
parasite was able to block the response of macrophages to LPS antigens 
[202], and also actively down-regulated of MHC class II molecules and 
was unable to up-regulate class I molecules in murine macrophages. 
�ese properties may represent an important strategy for evasion from 
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lymphocytes demonstrated in mice orally infected with 40 cysts of the 
parasite strain 76 K (Table 20), as well as the variations in cytokine 
response pro�les to diverse T. gondii antigens in the three di�erent 
mouse strains studied (Tables 21-24) [233], may at least partly explain 
large variability of signs, symptomes and histopathologic changes 
observed during clinical course of IBD in humans. �is reasoning is 
supported by the �nding that TH1 and TH2 cytokines have opposing 
e�ects on gastrointestinal motility in gastrointestinal disorders via 
5-HT signaling, i.e. TH1 cytokines downregulate CPI-17 (C-kinase 
potentiated protein phosphatase-1 inhibitor, m.w. = 17 kDa) and 
L-type Ca2+ channels and upregulate regulators of G protein signaling 4, 
which contributes to hypocontractibility of in�amed intestinal smooth 
muscles, and conversely, TH2 cytokines cause hypercontractibility via 
signal transducer and activator of transcription 6 or mitogen-activated 
protein kinase signaling pathways [234].

In rats infected with T. gondii genotype III (M7741 strain), 
morphometric analysis showed increased cell body and cytoplasm 
areas, and decreased nuclear area of the myenteric neurons [208]. �e 
high degrees of the correlation value (Table 25) found between the 
subcellular structures of the jejunum neurons suggest that the observed 
hypertrophy of metabolically active neurons were related to the 
augmentation of the cytosol and/or organelles in the cytoplasm [208]. 
One cannot exclude that these cellular changes may be associated with 
the intracellular proliferation and metabolism of T. gondii tachyzoites/
bradyzoites/parasitophorus vacuole). Otherwise it was found that in 
the small intestine, the lymphoid tissues were represented by Peyer’s 

patches, which formed dome-like anatomic structures consisting of 
lymphocytes and dendritic cells [235]. �e early Toxoplasma sonicate-
induced mucosal T-cell proliferation occurred in the mesenteric 
lymph nodes and Payer’s patches with a peak responsivenes on day 6 
post inoculation and rapidly reached background levels on day 7 post 
infection in Peyer’s patches and on day 8 post inoculation in mesenteric 
lymph nodes [233]. Subsequently, splenic cellular blastogenesis was 
observed from day 28 a�er infection and persisted throughout the 
experiment (day 91) [233]. 

A�er T. gondii infection, the host cells release a plethora of 
neuroimmune mediators that can seriously a�ect enteric nerves, 
including many cytokines and NO, to provide and regulate proper 
immune defense against the invading intracellular parasite [202]. 
Peroral T. gondii infection induced a signi�cant decrease in the relative 
percentage of the T-cell population and the CD4/CD8 ratio, wheather 
it was on day 6 post inoculation with MLN cells (P < 0.01) or on days 
28 and 56 post inoculation with splenic cells (P < 0.01 and P < 0.05, 
respectively) (Table 20) [233]. In the high responder CBA/J model, 
the mesenteric T-lymphocyte blastogenesis induced by Toxoplasma 
sonicate was associated with signi�cant IFN-�, IL-4, IL-5 and IL-6 
production and little IL-2 secretion, whereas Toxoplasma sonicate-
speci�c splenic T cells only generated IFN-�, IL-6 and a higher level of 
IL-2. �ese �ndings suggested that mice orally infected with T. gondii 
induced a predominant mesenteric TH2-type cytokine response and a 
major spleen TH1-type response [233].

Finally, Bonapaz et al. [229] showed that chicken from the 
experimental group infected with oocysts of T. gondii type III (M7741 
strain) and examined a�er 60 days had diarrhea, in�ammatory 
in�ltrates in the tunica mucosa, and duodenum layers atrophy 
(decreased thickness of all the studied bioparameters) (Table 26), as well 
as a marked increase in the number of caliciform cells. �ere was also 
about 70% loss of myenteric neurons, and the remaining cells presented 
a reduction of about 2.4% of the pericarion and 40.5% of the nucleus 
(P < 0.05) (Table 10). It was found that the intestinal mucosa goblet 
cells marked with PAS, which estimates glycoconjugates components 
of mucins and indicates a neutral mucus, increased 29.66% (P < 0.05) 
and the cells marked by AB, which estimates acid mucus, increased 

Antigen Immunogen Mouse strain

concentration C57BL/6 BALB/c CBA/J

BSA 40.00 g/ml 0.18 ± 0.03 0.48 ± 0.12 0.49 ± 0.04

TSo 40.00 µg/ml 6.60 ± 1.29 12.22 ± 1.90 24.04 ± 0.86

SAG1 3.12 µg/ml 0.32 ± 0.01 0.99 ± 0.04 3.97 ± 0.01

0.78 g/ml 0.27 ± 0.02 1.15 ± 0.71 2.16 ± 017

0.19 µg/ml 0.17 ± 0.03 0.77 ± 0.26 1.68 ± 0.38

GRA4 1: 50 0.61 ± 0.03 2.40 ± 0.70 2.91 ± 0.34

1: 200 0.36 ± 0.05 1.17 ± 0.47 2.49 ± 0.20

1: 800 0.19 ± 0.01 0.34 ± 0.09 0.72 ± 0.05

229-242 peptide 12.50 µg/ml 0.23 ± 0.05 0.57 ± 0.15 2.21 ± 1.42

3.12 g/ml 0.18 ± 0.01 0.72 ± 0.06 1.90 ± 1.05

0.78 µg/ml 0.11 ± 0.01 0.59 ± 0.02 0.46 ± 0.01
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only 12.8% (P < 0.5). �ese changes suggested that the duodenal mucus 
became denser, thus providing protection intestinal epithelium from 
potential damage due to recurrent diarrhea [229] (Table 27). It must 
be noted that T. gondii sporozoites cross the intestinal mucosa either 
through the enterocytes or the caliciform cells [236], and the parasite 
was found in caliciform cells of the guinea pig conjunctiva minutes a�er 
inoculation [236,237]. 

Humans: In immunosupressed individuals, gastric abnormalities 
caused by T. gondii infection included ulcerations, thickening of gastric 
wall and folds, thickening and necrosis of tunica mucosa, as well as 
in�ammatory in�ltrates, were reported [238-240]. 

In patients with AIDS, T. gondii infection has been identi�ed in 
the stomach, small intestine, colon, and esophagus in both biopsy 
specimens and during postmortem examinations [238,241,242]. �ose 
patients, both men and women 22 to 39-yrs-old, presented with mild-
to-severe abdominal pain, nausea, vomiting, anorexia, weight loss, 
fever, and diarrhea. Endoscopic �ndings included ulcerated lesions 
and thickening of gastric folds and gastric wall, edema (the histologic 
correspondent of thickened gastric folds), focal necrosis, and sometimes 
narrowing of the antrum. �e antrum and fundus appeared to be the 
main sites of involvement. �e pathologic �ndings were variable acute 
and chronic cell in�ltrates and the presence of tachyzoites, bradyzoites, 
and pseudocysts [242,243] identi�ed in the lamina propria, endothelial 
cells, cytoplasm of the epithelial cells, and smooth muscle cells [243]. 

In AIDS patients with diarrhea and sometimes with lower GI tract 
bleeding [244-246] biopsy specimens of colonic/small intestine mucosa 
showed the presence of T. gondii tachyzoites, and endoscopy revealed 
multiple ulcers with raised margins [246,247]. 

Animals: T. gondii infection caused gastric lesions in several 
animal species [108], and in�ammatory changes, necrosis of the gastric 
wall, as well as eosinophilic �brosing gastritis [105,209,248-251]. 
Histopathologic, immunohistochemical and ultrastructural studies 
showed the parasite inside the epithelial, muscle, endothelial cells and 
macrophages [238], and in intracellular vacuoles in glandular cells on 
gastric wall [240]. Alves et al. [209] found that in rats T. gondii type III, 
tachyzoites were capable of resisting the gastric juice and crossed the GI 

tract barrier, reaching systemic circulation, because they documented 
the presence of anti-T. gondii antibodies in serum of the animals despite 
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with control animals. However, the comparison of the neurons in the 
30 DPI with those in the 90 DPI demonstrated hypertrophy in the latter 
(8.6%), which perhaps indicated a recovery phase of the cellular area 
(Table 28). At 30 DPI, an increase in the population of smaller (101-150 
µm2) neurons (new young cells?) and a decrease in the population of 
the larger (201 to > 301 µm2) neurons (old, infected with the parasite 
and undergoing apoptosis cells?) were observed [270]. 

�e high degree of the correlation between the area of the cell 
body and cytoplasm in these cells subpopulation suggested that 
the morphological changes resulted mainly from the changes in 
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with the parasite, are in agreement with the above-presented reasoning. 
It must be noted that in mice infected by the VEG strain of T. gondii, 
great amounts of parasites were found in the mesenteric lymph node, 48 
hrs post infection [303]. In this context, the ileo-colonic LNH observed 
in some autistic children may therefore re�ect an enhanced immune 
response [26] to chronic phase of oral T. gondii infection. �is may be 
supported by the fact that lactoferrin administered orally improved 
gastrointestinal morphology in growing calves because it enhanced 
size of Peyer’s patches in the ileum and decreased villous size in the 
jejunum [304]. Moreover, these changes are in line with the intestinal 
morphometric abnormalities reported in animals orally infected with 
oocysts of T. gondii type II or type III strains [205,206,208,211,270]. 
In the experimental animals, PCR analysis showed the presence of T. 
gondii only in the mucosa and submucosa, which may indicate that 
the �nding in the myenteric plexus occurred as a result of an indirect 
action of the parasite via cytokines and other immune biomediators 
released [305,306]. Myenteric neurons are target cells for paracrine 
secretions from the immunocytes at the intestinal wall [307] or even 
the myenteric ganglions themselves [173] because neurons within this 
plexus are closely associated with the immune system [308]. It must 
be added that mast cell-nerve interactions play a key role in intestinal 
in�ammation because mast cells secrete chemotactic factors able to 
recruite neutrophils, macrophages and lymphocytes when the parasite 
reaches the lamina propria [309], �nally reducing survival of myenteric 
neurons [310]. 

�e genotype II strains of T. gondii have low virulence in mice and 
high cystogenic capacity and the positive serologic anti-T. gondii titers 
found by Hermes-Uliana et al. [270] ensured that the animals have 
been successfully infected with the parasite. However, the authors did 
not �nd tissue cysts of the parasite in the myenteric neuron samples 
evaluated and this is in agreement with the observation of Dubey et al. 
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segment (Table 29). In the neurons of control animals jejunum, the 
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Serum Antineutrophil Cytoplasmic Autoantibodies 
(ANCA) in Patients with In�ammatory Bowel Disease 
(IBD) may be Generated by Chronic Oral T. Gondii 
Infection

Lidar et al. [358] demonstrated that titers of anti-IgM (7.5 vs. 1%) 
and anti-IgG (33 vs. 26.9%) antibodies toward T. gondii, hepatitis C 
virus (HCV) and Saccharomyces cerevisiae were markedly higher in 
sera of IBD patients (80 with CD, 39 with UC) than in controls (98 
healthy individuals). �e higher prevalence of IgM antibodies resulted 
from a signi�cantly increased frequency in CD patients (13.5 vs. 1%, 
P < 0.001). �ey suggested that whereas an excess of anti-HCV may 
be the result of immunosuppression from the in�ammatory disease, 
the parasite has an initiating role in the etiopathogenesis of human 
IBD, especially CD, thus corroborating the murine model [276,358]. 
Although Lidar et al [358] did not cite or discuss this �nding in their 
later publications, they believed that certain infections via for example 
molecular mimicry could generate an immunological environment that 
confers protection from certain autoimmune conditions, such as CD 
[358,359]. Most recently, Egan et al. [360] also proposed that T. gondii 
acts as a trigger setting into motion a series of events culminating in 
loss of tolerance in the intestine and emergence of pathogenic T cell 
e�ectors. �is suggestion was based on the �nding that oral infection 
of certain inbred mouse strains with the parasite caused in�ammatory 
pathology resembling lesions seen during human IBD, in particular CD 
[360]. 

Perinuclear ANCA has been found consistently in serum of 
children and adults with IBD, and occurs signi�cantly more o�en in 
UC than in CD [361-365]. �e presence of ANCA may be associated 
with peroral 
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signi�cant defective ability to recruit PMNs during early infection by 
T. gondii, which suggested that these cells served as a major e�ector 
cell type involved in neutrophil recruitment, and CXCR2 was required 
for this process [368]. Finally, recently Prandota [210] suggested that 
the increased generation of antibodies directed against brain proteins 
in patients with autism and their families may be caused by T. gondii 
infection and emphasized possible important role of maternal and fetal 
microchimerisms in these processes.

Prenatal and Postnatal Oral T. Gondii Infection May 
Cause Development of Necrotizing Enterocolitis and 
In�ammatory Bowel Disease in Newborns, Children 
and Adults

Necrotizing enterocolitis (NEC)

NEC, an in�ammatory disease of the terminal ileum, cecum, 
and ascending colon, is the most common gastrointestinal disease 
of infancy, a�icting 5-15% of all infants born at less than 30 weeks 
gestational age or < 1500 gm birth weight. However, up to 10% of all 
neonates who develop NEC are born at term [369,370]. NEC occurs 
principally in premature infants a�er the introduction of arti�cial 
oral feeding [371]. Pathophysiology of NEC in term infants is o�en 
associated with congenital heart disease, a recent “bypass” operation, 
hypoxemic-ischemic events, polycythemia [115,372]. �ere is also 
strong evidence that the initial bacterial colonization of the newborn 
intestine plays a pivotal role in the development of NEC [114,373,374]. 
Pathologic microorganisms, particularly Gram-negative bacteria, 

such as, Enterobacter, Enterococcus Clostridia, and Staphylococcus, 
are predominant fecal bacterial species with very little colonization 
with Bi�dobacteria [115,375]. LPS interaction with enterocytes via 
TLR-4 involves activation of NF-�B to stimulate generation of various 
proin�ammatory cytokines, such as TNF-�, IL-1, IL-6, IL-8, IL-10, IL-
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and su�ering from migraine with (n = 21) or without (n = 10) aura 
demonstrated that 41.9% of them had esophagitis, 51.6% - gastritis of 
corpus, 38.7% - antral gastritis, and 87.1% had duodenitis [432]. 

In one neurologic study, functional gastrointestinal disorders were 
reported in 69% of patients with migraine in periods between the 
attacks (eg. diarrhea in 16-20%), and speci�cally IBS in 43% of them 
[443]. Watson et al. [430] found that frequent headaches were noted by 
50% of 90 patients with IBS and only 18% of controls (447) (P < 0.001). 
In the IBS group, the headaches were age-related, the prevalence being 
greatest (65%) in women 16 to 30 years of age and diminishing with 
advancing age. Investigations based on a questionnaire performed in 
general population (1620 persons) showed that migraine was present in 
32% (112 questioned individuals) of patients with IBS compared with 
18% (229) (P < 0.01) of those without the syndrome [431]. 

Finally, it must be noted that the recurrent headache/migraine 
attacks have been reported in several infants, children, adolescents, 
and adults with markedly increased serum anti-T. gondii IgG antibody 
levels, and pharmacological treatment directed against the parasite 
was successful in those individuals [444-446]. �ese �ndings may be 
indirectly supported by the fact that intravenous valproic acid, a drug 
used for migraine prophylaxis, has been on occasion administered with 
apparent success in cases of abdominal migraine [447-449], and in vitro 
studies showed its high activity against T. gondii (Table 42) [450]. 

Development of Metabolic Syndrome in Patients With 
IBD may be due to T. Gondii Infection

Metabolic syndrome (MetS) is a chronic inflammatory disease 
characterized by abdominal obesity, impaired glucose metabolism, 
dyslipidemia with elevated triglycerides, low high density 
lipoproteins, and hypertension [451]. Nagahori et al. [452] showed 
that in their cohort of 107 quiescent IBD patients (76 with UC, 31 
with CD; 21.1% of males, 12.9% females) the prevalence of MetS was 
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well as actively scavenge speci�c lipids and sterols from the extracellular 
milieu, lipid bodies, and mitochondria [464,470-473]. It appeared 
that T. gondii employs host low-density lipoprotein receptor (LDLr) 
to acquire cholesterol and favor its growth, and in the presence of 
hypercholesterolemia the parasites are able to acquire cholesterol-rich 
lipoproteins through an alternative host receptor, and overcome LDLr 
de�ciency, favoring host parasitism and impairing lipid loading of foam 
cells [465]. It must be also noted that mast cells, like macrophages and T 
lymphocytes, are in�ammatory cells that participate in the pathogenesis 
of in�ammatory diseases such as cardiovascular complications and 
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thus NO has a pathophysiological role in development of gut motility 
disorders [486].

Disturbances in the carbohydrate metabolism due to T. gondii 
invasion might be at least in part responsible for the reported link 
between the increased sugar intake and development/worsening of IBD 
clinical course, especially in Crohn’s disease [475,487] (Table 43). Studies 
on the modulation of the host cell proteome by the parasite showed 
that six proteins were involved in carbohydrate metabolism (aldose 
reductase, aldehyde dehydrogenase 1A3, aldehyde dehydrogenase 
X, hexoaminidase B, phosphoenoylpyruvate carboxykinase, and 
6-phosphogluconolactonase) [488]. �e glycolytic pathway also 
exhibited considerable modi�cation during such infection with six 
enzymes showing either an increase or modulation (aldolase A and B, 
enolase, glyceraldehyde 3 phosphate dehydrogenase, phosphoglycerate 
kinase, and pyruvate kinase) and only one of which showed a decrease 
in expression (triose phosphate isomerase) [488] Table 44 presented 
some changes in the proteomes of human foreskin �broblasts proteins 
caused by infection with the parasite and proteomic expression of 
some similar biomarkers reported also in the rat model of IBS due to 
mothball odor. 

In individuals with UC oral contraceptives may enhance 
intensity of clinical course [475]. Deleterious e�ects of estrogen and 
progesterone derivatives contained in contraceptive preparations may 
be associated with modulation of the innate and acquired immunity 
of the host resulting in disturbances of immune balance between the 
immunocompetent host and latent T. gondii infection [477]. Estrogen 

signi�cantly increased IFN-� and IL-2 mRNA in concavalin-A activated 
thymocytes, splenic lymphocytes, and in enriched splenic T cells [493], 
regulated transcription factors STAT-1 and NF-�B to promote inducible 
NO synthase and in�ammatory responses [494], and dysregulated T- 
and B-cell balance by inducing selective T-cell hypoactivity and B-cell 
hyperactivity [495]. Moreover, progesterone-induced blocking factor 
(PIBF), a molecule with inhibitory e�ects on cell-mediated immune 
reactions, by acting on the phospholipase A2 enzymes interfered with 
arachidonic acid metabolism, induced a type 1 to type 2 cytokine shi� 
by upregulating the production of type 2 cytokines, and controlled NK 
activity modulated cytokine production by lymphocytes [496-499]. 

Finally, possible bene�cial e�ects of breastfeeding on clinical course 
of UC summarized by Hibi & Ogata [475] may be associated with 
strong anti-T. gondii activities of Lf contained in the breast milk.

T. Gondii Transmission in Eukaryotic Cells Acting as a 
“Trojan Horse”

T. gondii transmission may occur by eating uncooked or 
undercooked meat, contaminated vegetables, cat feces [500], blood 
transfusion [501-503], materno-fetal transmission [504] during 
transplacental passage of blood cells [505], via various solid organs 
allogra�s [506], bone marrow transplantation [507], allogeneic stem 
cell transplantation [508], sputum [509], breast milk [510,511], and 
semen [512]. T. gondii can invade and multiply inside any nucleated 
cell type including epithelial cells and blood leukocytes [513,514]. A 
preference to infect and multiply inside myeloid cells in vitro has been 
reported [336] and several studies indicate that dendritic cells and 
monocyte/macrophages function as systemic parasite transporters 
(Trojan horses) during infection in mice [514-519]. �e parasite can 
be transmitted from infected dendritic cells to NK cells [520]. NK-cells 
and T-cells have been suggested to contribute to parasite dissemination 
via a sequestering mechanism [520-522].

Maternal-Fetal Microchimerisms and Transmission of 
T. Gondii

�e risk of infection with T. gondii is 0.1% to 1% of all pregnancies 
[523], and the risk of intrauterine infection of the fetus increases during 
pregnancy from 10-20% a�er primary maternal infection in the �rst 
trimester to about 59-90% in the third trimester [387,524-526] (Table 
37). Tachyzoites can invade and multiply within placental trophoblastic 
cells [527], and are located directly at the interface between maternal 
and fetal compartments. �erefore, cytotrophoblasts play a key role in 
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354 placentas and in 98.7% of the cases, in�ammation was classi�ed as 
maternal in�ammatory response and in 49.8% as fetal in�ammatory 
response analyzed [533]. Microchimerism of maternal origin persists 
well into adult life [534]. �is may also provide a possible route for 
the prenatal transmission of infectious agents, such as the intracellular 
parasite T. gondii, from the mother to the fetus [530]. It must be 
emphasized that fetal-maternal and maternal-fetal microchimerisms 
involve the colonization of di�erent organs and tissues, and therefore 
may play an important role in T. gondii
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the levels of Lactobacilli, Bi�dobacterium, Bacteroides sp, Clostridium 
perfringens, enterococci, and coliforms were similar in both pouch 
groups, i.e. UC and familial adenomatous polyposis [612]. �e authors 
suggested that since sulfate-reducing bacteria are speci�c to UC 
pouches, they play a role in the pathogenesis of pouchitis. Further studies 
of Ohge et al. [613] showed that in active pouchitis, sulfate-reducing 
bacterial counts were found to be signi�cantly higher than in those who 
never experienced pouchitis. It was reported that pouch contents of the 
patients with ileoanal pouches and ongoing pouchitis or an episode 
within the previous year, released signi�cantly more hydrogen sul�de (a 
highly toxic gas produced by certain fecal bacteria, which causes tissue 
injury in experimental animals) than did the contents of patients who 
never had an attack of pouchitis and those with longstanding inactive 
disease [613]. In addition, pouch contents from familial adenomatous 
polyposis patients produced markedly less hydrogen sul�de than did 
any group of nonantibiotic treated UC patients [613]. �ese �ndings 
may suggest that the colonization of pouches formed for ulcerative 
colitis by sulfate-reducing bacteria is associated with a defense reaction 
of the intestine against T. gondii infection. �is motion may be supported 
by the fact that electric charges on cell surface play an important role 
in some cellular processes, including cell-cell interaction, cellular 
di�erentiation and endocytosis [614-616]. It was demonstrated that 
the parasite invaded nearly all types of mammalian cells and it seems 
that recognition of cell surface sulfated proteoglycans may contribute 
to such invasion [617]. Cell surface heparan sulfate (HS) and glycans, 
containing sialic acid have been shown to act as potential receptors 
for the parasite [617-619]. HS consists of alternating units of N-acetyl 
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interfere with the immune state of the host and T. gondii in the brain 
�nally causing reactivation of latent cerebral toxoplasmosis. �e rapid 
and concentration-dependent changes in CYP-450 enzyme activities 
in isolated perfused rat livers due to administration of exogenous NO 
donors [646], may at least in part, support this suggestion. 

�e MRI �ndings in the brain of those subjects, including cerebral 
calci�cations considered as vascular calci�ed malformations [641], 
may therefore be a result of chronic subclinical cerebral vasculitis due 
to T. gondii infection/in�ammation. �e improvement of neurologic 
symptoms in some patients a�er introduction of gluten free diet 
[629,632,633,641,645] (in few children, even hypodense areas in the 
white matter around calci�cations decreased or disappeared a�er such 
a diet [631]) may be explained by amelioration of immune irregularities 
caused by this triggering factor and therefore diminished pathologic 
interference in the immune state of the host and the parasite in the 
brain. �e above-presented reasoning may be supported by the opinion 
of Nejad et al. [647] that celiac disease increases the risk of T. gondii 
infection in pregnant women. However, this conception may also be 
alternatively interpreted that the parasite plays an important role in 
development of celiac disease. Although Plot et al. [359] reported that 
the rate of positive anti-T. gondii IgG antibodies in their cohort of 90 
celiac patients and 297 healthy individuals was similar (23.3% vs. 25.9%, 
P = 0.36), genetic predisposition should be taken into consideration, 
because the celiac patients also had markedly increased antibodies 
against other infectious agents, antirubella IgG (P < 0.05), anti-CMV 
IgG (P < 0.01), and anti-EBV capsid antigen IgG (P < 0.01). 

Finally, it was reported that some children with celiac disease 
su�er with eosinophilic esophagitis concomitantly, and the coexistance 
of both these clinical entities is more frequent than anticipated [648-
650]. It was believed that based on di�erences in pathophysiology and 
a�ected gastrointestinal compartments, a causal relationship between 
these two clinical entities seems unlikely [650], but one cannot exclude 
that development of eosinophilic esophagitis in children with celiac 
disease may be associated with T. gondii infection.

Clear Cell Colitis with Presence of Foamy Macrophages 
May Be Caused by Oral T. Gondii Infection

Presence of characteristic foamy macrophages observed in 
histopathological hematoxylin and eosin-stained specimens is a crucial 
diagnostic factor in foamy colitis, excludes Crohn’s disease and UC, and 
con�rms mild and moderate course of that type of in�ammation in 
children [651-654]. �e induction of foamy macrophages packed with 
lipid bodies have been reported in several clinical pathologic states 
associated with chronic proin�ammatory stimuli, including T. gondii 
[465] and human Mycobacterium tuberculosis infections [655].

Foamy colitis (microscopic colitis) [651,654] may be caused by oral 
prenatal and/or postnatal infection with T. gondii. It was reported that 
bradyzoites are resistant to gastric digestion and remain orally infective 
whereas tachyzoites are destroyed by gastric juice within 1 hr [656-658]. 
However, Dubey [659] showed that tachyzoites occasionally survived 
at acid peptic digestion for 2 hrs, and the strain of T. gondii did not 
a�ect the susceptibility of tachyzoites to acid pepsin solution. In orally 
inoculated animals extracellular tachyzoites were infective, although 
the infectivity was dose-dependent [659]. One cannot therefore exclude 
oral infection with T. gondii in breastfed infants of infected mothers 
because it is known that the parasite is disseminated in breast milk 
[507,508], and postnatally gastric acid secretion displays a biphasic 
pattern with the lowest gastric acid concentrations between 10 and 30 
days of life approaching the lower limit of adult values by 3 months of 

age [660]. �e parasite is disseminating in the body as a Trojan horse 
in various eukaryotic cells, including macrophages, and division rate of 
intracellular unprimed T. gondii tachyzoites in alveolar, peritoneal or 
monocyte-derived macrophages is rapid [335]. Successful intracellular 
replication of tachyzoites and a substantial increase in membrane mass 
of PV is dependent on diversion and use of lipid resources from its 
host, especially long-chain fatty acids and cholesterol [468]. T. gondii 
employs host low-density lipoproteins (LDL) receptor to acquire 
cholesterol [465] and diverts it for cholesteryl ester synthesis and 
storage in lipid bodies [468,661,662], leading to formation of foam cells 
[465]. Macrophages convert into foam cells through a dysregulation in 
the balance between the in�ux and e�ux of LDL particles (containing 
cholesterol, triacylglycerides and phospholipids) from the serum. It 
must be emphasized that foamy macrophages are not only the product 
of an in�ammatory response but amplify that response through 
production of PGE2 and leukotrienes [663,664], and appear to be a 
key player in both sustaining persistent bacteria and contributing to 
development of human tuberculosis granuloma and cavitation [655]. 
Foam macrophages characteristic for microscopic colitis probably play 
a similar role. 
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1� and IFN-� in blood decreased over 10-week treatment with Lf [304]. 

It was suggested that immunomodulatory e�ects of Lf are due, in part, to 
LPS binding [714] (Table 7). Moreover, orally administered Lf restored 
humoral immune response in immunocompromised mice [714]. �us, 
the immune regulatory properties of Lf may exert bene�cial e�ects in 
the patients with in�ammatory processes of the gastrointestinal tract 
caused by various microbial pathogens, including T. gondii.

Bene�cial e�ects of Lf in in�ammatory diseases 

Lf is a potent molecule in the treatment of in�ammatory diseases 
and its major activity is related to the scavenging of free iron, which 
accumulates in in�amed tissues and catalyzing the production of tissue-
toxic hydroxyl radicals. Ambruso et al. [715] found that Lf enhances 
hydroxyl radical production by human neutrophils, neutrophil 
particulate fractions, and an enzymatic generating system. 

Free radical is thought to play a signi�cant role in the pathogenesis 
of several disease processes in low birth weight preterm infants 
including NEC [716], partly because iron is a known catalyst in free 
radical-mediated oxidation reactions. Raghuveer et al. [716] found that 
before adding medicinal iron to formula or human milk, signi�cantly 
more ascorbate and alpha-hydroxyethyl radical production and more 
lipid peroxidation products (i.e. thiobarbituric acid reactive substances, 
malondialdehyde, and halothane) were detected in formula. A�er 
addition of medicinal iron to either formula or human milk, further 
increases were observed in free radical and lipid peroxidation products. 
�e authors believed that the presence of greater concentration of iron 
and the absence of Lf in formula compared with human milk resulted 
in greater in vitro generation of free radicals and lipid peroxidation 
products [716]. 

Davidsson et al. [717] found that fractional iron absorption was 
markedly lower from breast milk (11.8%; range 3.4-37.4%) than from 
Lf free breast milk (19.8%; 8.4-72.8%) (P < 0.05). It must be added that 
iron absorption was higher from human milk than from infant formula 
or bovine milk [718]. Human fetal small intestinal brush-border 
membrane receptor for Lf may be responsible for high iron absorption 
from human milk. �e molecular weight of the receptor was 110 kD 
under nonreducing conditions and 37 kD a�er reducing circumstances. 
�e binding was pH dependent, with an optimum between pH 6.5 and 
7.5. Little binding of bovine Lf or human transferrin to human brush-
border membrane vesicles was found [718].

In neurodegenerative diseases where iron deposits contribute to 
oxidative stress and neuronal death, an upregulated by TNF-� synthesis 
of Lf by activated microglia in human substantia nigra [719], together 
with transcytosis of plasma Lf through the blood-brain barrier to 
limit in�ammation processes in the brain, were reported [720]. Lf was 
found to display antiviral activity against both DNA- and RNA-viruses, 
including herpes simplex type 1 and 2 viruses (�-herpes virus family), 
by preventing entry of virus to the host cell, either by blocking cellular 
receptors, or by direct binding to the virus particles [696]. It appeared 
that lactoferricin (Lfcin), a residue of 24 aminoacids derived from the 
N-terminal region of the N-lobe of Lf, also displayed antiviral activity 
against HSV, but the native protein (Lf) was more potent [721].

Important role of Lf in IBD

During the course of IBD activated leukocytes in�ltrate the 
intestinal mucosa and are detected in feces as they shed into the 
intestinal lumen. Lf can re�ect the activity of neutrophil leukocytes and 
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with T. gondii, its genotype, virulence/antigenicity, numbers of oocysts/
sporozoites/bradyzoites/tachyzoites, part of GI tract infected, and the 
host innate prenatal and postnatal immune state. On the other hand, 
it must be noted that lactoferrin (Lf) contained in the breast milk have 
protective e�ects against LPS-mediated intestinal mucosal damage and 
impairment of barrier function in the intestinal epithelial cells observed 
a�er oral T. gondii infection. Lf has the capacity to enter the nuclei of 
leukocytes and block the transcription factor NF-�B, which otherwise 
induces production of IL-1�, TNF-�, IL-6 and IL-8. Lf administered 
orally improved gastrointestinal morphology in growing calves because 
it enhanced size of Peyer’s patches in the ileum and decreased villous 
sizes in the jejunum. �is e�ect of Lf and the hypertrophy of intestinal 
myenteric neurons demonstrated in rats inoculated with 
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