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Abstract

Probiotics are live microorganisms that offer health benefits. This study evaluated the crypto-
sporidiosis parasitic burden in experimentally infected mice received probiotics and its poten-
tial link to cancer. A total of six groups were included: Four were cryptosporidiosis-infected
mice (30 mice each) and two control groups (10 mice each). The infected groups were immu-
nocompetent mice without probiotics (G1), or with probiotics (G2), and immunocompro-
omised mice without probiotics (G3) or with probiotics (G4). Cryptosporidiosis was diagnosed
weeks 2 to 14 post-infection.

The results showed that in G1, medium parasitic burden was 50% at week 2 and gradually
declined to 0% by week 10, but heavy burden started at 33.4% in week 2 and dropped to 0% by
week 4. In G2, medium burden decreased from 50% at week 4 to 33.4% by week 14, whereas
heavy burden, which began at 50% in week 2, peaked at 66.6% by week 14, with significant
difference between them. For G3, medium burden was 66.6% at week 2 and declined to 50%
by week 14, but heavy burden increased from 33.4% at week 2 to 50% at week 14. In G4, med-
ium burden fluctuated, decreased from 16.7% at week 2 to 33.4% at week 14, but heavy burden
declined from 83.3% at week 2 to 66.6% at week 14. However, the changes were insignificant.
Regarding dysplastic changes, no dysplasia was observed in G1. In G2, four out of five (80%)
dysplastic mice had a heavy parasitic burden. In G3, 66.6% (4/6) of dysplastic mice exhibited a
heavy burden, but in G4, 78.6% (11/14) of dysplastic mice had a heavy burden, without signifi-

cant differences
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Introduction

Cryptosporidiosis is a widespread protozo-
an disease caused by Cryptosporidium spe-
cies of Phylum Apicomplexa (Rayen et al,
2021). More than 47 species and over 100
genotypes have been classified, but only Cr-
yptosporidium hominis and C. parvum are
zoonotic ones (Jezkova et al, 2021). Crypto-
sporidiosis is a significant contributor to dia-
rrheal diseases worldwide, as the second ca-
uses of moderate to severe diarrhea and mal-
absorption mainly among children (Bones et
al, 2019). In Egypt, cryptosporidiosis preva-
lence ranged between 84% and 34% of imm-
unocompromised and immunocompetent di-
arrheic children, with 10% of asymptomatic
infections (Elsawey et al, 2020). Youssef et
al. (2008) reviewed 61 cryptosporidiosis pu-
blished Egyptian papers between 1985 and
2006, 19 of which reported diarrhea among
immunocompetent individuals ranged from
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0%-47% (median 9%, IQR 3-15%). Crypto-
sporidium spp. is primarily transmitted via
ingestion of oocyst-contaminated food, wat-
er, or surfaces by fecal-oral route (Bouzid et
al, 2013). Also, person-to-person transmissi-
on reported among household members, sex-
ual partners, healthcare workers, and childr-
en in daycare centers and their caretakers,
(Musher and Musher, 2004). Notably, Cryp-
tosporidium oocysts exhibit exceptional res-
istance to environmental extremes and conv-
entional water treatment methods, surviving
at temperatures as low as -20°C and under
high salinity conditions (Carey et al, 2004).

Beyond diarrhea, cryptosporidiosis was si-
gnificantly higher among cancer colon patie-
nts reinforcing risk factor for developing the
colorectal carcinogenesis cancer colon by its
chronic inflammation, dysbiosis, and DNA
damage (Abd El-Latif et al, 2023).

Clinical evidence has showed the presence
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of Cryptosporidium DNA in colonic biopsi-
es from patients newly diagnosed with aden-
ocarcinoma, but only 7% of patients suffered
from persistent gastrointestinal symptoms,
but without neoplastic disease evidence of
infection (Osman et al, 2017). Animal imm-
unodeficient model demonstrated that C. pa-
rvum infection caused intraepithelial neopla-
sia, and invasive adenocarcinoma, with mul-
tiple parasite life stages identified in the aff-
ected intestinal tissues (Certad et al, 2010).
Moreover, a significant statistical correlation
was identified be-tween the parasitic burden
in Cryptosporidium infection and the severi-
ty score of dysplastic lesions (Benamrouz et
al, 2014).

Probiotics was defined as live microorgani-
sms that confer health benefits when consu-
med in adequate amounts, play a pivotal role
in modulating gut microbiota (Macfarlane et
al, 2004). They have been widely investigat-
ed as a potential strategy for managing gast-
rointestinal infections, either as standalone
interventions or as adjuncts to conventional
antimicrobial treatment (Guitard et al, 2006;
Goyal et al, 2011; Lantier et al, 2014). Des-
pite probiotics are widely explored as adju-
nct therapies for gastrointestinal infections,
their role in cryptosporidiosis was controver-
sial, with both beneficial and adverse effec-
ts (Pickerd et al, 2004; Goyal et al, 2013).
However, conflicting findings suggested that
probiotics could exacerbate the cryptospori-
diosis infection by demonstrating increased
oocyst shedding in probiotic-treated animals
(Oliveira et al, 2016; Robertson et al, 2019).
Moreover, certain studies on humans report-
ed adverse outcomes in cryptosporidiosis pa-
tients after probiotic administration (Salazar-
Lindo et al, 2004; Sindhu et al, 2014). Effor-
ts to develop cryptosporidiosis vaccine were
limited by insufficient understanding of the
immune responses mediating protection
(Helmy and Hafez, 2022). While probiotics
have also, been extensively studied for their
potential role in modulating cancer cell pro-
liferation and apoptosis, their precise impact
on tumor development remains an area of
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the active research (Slizewska et al, 2020).

This study aimed to evaluate the impact of
prolonged probiotic administration on Cryp-
tosporidium burden of infection in experim-
entally infected mice and to explore its pote-
ntial role in colorectal cancer development.

Materials and Methods

This study utilized 140 male Swiss Albino
mice, each four weeks old and weighing bet-
ween 15 and 20 grams. The mice were sour-
ced from the National Research Center, Cai-
ro, Egypt, and housed in the Animal Facility
of the Faculty of Medicine, Suez Canal Uni-
versity, where all experiments were done.

The mice were kept in well-ventilated ins-
ect-proof cages and fed a standard hard-pell-
et diet (Benamrouz et al, 2014). Prior to the
experiment study, intestinal parasites were
ruled out through three consecutive stool an-
alyses over three days (Garcia and Hyman,
2016). The Institutional Review Board has
approved the experiments according to its
animal ethical guidelines with ethical appro-
val number 5103.

Cryptosporidium parvum oocyst source
and preparation: C. parvum oocysts were pr-
ocured from Theodor Bilharz Research Insti-
tute (TBRI), Giza, Egypt. Oocysts were ori-
ginally isolated from Holstein-Friesian calv-
es infected naturally, with Cryptosporidium
being the only identified pathogen. Subtype
lla A15G2R1 was selected because it is con-
sidered the prevailing subtype in many cou-
ntries (Abdou et al, 2013; Imam et al, 2022).
Oocysts were maintained in phosphate-buff-
ered saline (PBS, pH 7.2) containing antibi-
otics (penicillin, streptomycin, gentamicin,
and amphotericin B) and 0.01% Tween 20,
and then stored at 4°C until use (Sayed et al,
2016).

Experimental design: Mice were randomly
assigned to six groups: G1: Infected immun-
ocompetent without probiotics treatment.
G2: Infected immunocompetent treated with
probiotics. G3: Infected immunocompromis-
ed, without probiotics treatment. G4: Infect-
ed immunocompromised, and probiotics tre-
ated. G5: Non-infected immunocompetent,



and probiotics treated. G6: Non-infected co-
ntrol (negative control). Each cage contained
up to six mice. They were closely monitored
for significant weight loss, severe diarrhea,
or disruptions to daily activities, which were
considered clinical endpoints (Immam et al,
2022).

Experimental infection and probiotic admi-
nistration: C. parvum oocysts were administ-
ered orally using a sterile tuberculin syringe
equipped with a polyethylene tube (Abdou
et al, 2013). Mice in Gs 1, 2, 3, & 4 received
0.3ml of PBS containing 9%10% C. parvum
oocysts via intra-esophageal inoculation (OlI-
iveria and Widmer, 2018). Probiotics were
administered to Gs 2, 4, & 5 using Kyo-Do-
philus Multi 9 Probiotic tablets, which cont-
ained Lactobacillus species (L. gasseri KS-
13, L. rhamnosus) and Bifidobacterium spec
ies (B. bifidum G9-1, B. longum MM-2, B.
infantis, and B. breve), along with other co-
mpatible bacterial species. This probiotic su-
pplement was purchased from Wakunaga of
America Company, USA. Probiotics were
given in drinking water at a concentration of
one tablet per 500ml, beginning one day pri-
or to infection and continuing throughout the
experiment (Guerin-Danan et al, 2021).

Induction of Immunosuppression: To indu-
ce immunosuppression, the DEXA (Dexam-
ethasone®) was given as 8mg/2ml ampoules
purchased from Amriya Pharmaceuticals Co.
Mice received an initial dose of 125ug/day
for seven days starting one day before infec-
tion, and achieved immunosuppression with-
in five days. A maintenance dose of 100 pg
was given every other day to the end of ex-
perimental study (Al-khaliq et al, 2021).
Confirmation of infection: Mice underwent
clinical assessment at 7 days post-infection
(P.1.), with stool samples analyzed using
Sheather’s cover-slip flotation method and
modified Ziehl-Neelsen staining to confirm
infection (Guitard et al, 2006).

To monitor disease progression, six mice
were sacrificed at five time points: 2™ week
(early acute infection), 4™ week (late acute
infection), 8" week (chronic infection), 10"

week (early complicated infection), and 14"
week (late complicated infection). Infection
was confirmed by the senior author's evalua-
tion, but absence of infection was establish-
ed based on three consecutive negative sam-
ples collected over three successive days.

Assessment of Endogenous Parasitic Stag-
es and Dysplasia via Histopathology: lleoce-
cal tissues were harvested from six sacri-
ficed mice per infected group at each time
point to evaluate parasitic burden and dys-
plastic changes in the epithelial cells. Eutha-
nasia was performed using ether before tis-
sue collection. Two control mice were eu-
thanized at each corresponding time point.
The cecum was excised, sectioned into 1.0-
1.5 cm segments, and fixed in 10% neutral-
buffered formalin for 24 hours before pro-
cessing for histopathological examination
(Sheehan and Harpchiak, 1973).

Parasitic burden analysis: Hematoxylin-
eosin-stained slides were microscopically
examined. Since Cryptosporidium coloniza-
tion was often patchy, the average of 10 mi-
croscope high-power fields (HPF) was asse-
ssed/mouse (Fayer et al, 1990). Slides were
inspected for infection intensity and tissue
pathology.

Cryptosporidium colonization scores (Ras-
mussen and Healey, 1992): 0: no parasite,
1+: moderate parasite in up to 50% of tissue,
& 2+: extensive parasite in more than 50%
of tissue.

Endogenous parasitic intensity was deter-
mined by counting parasites within 10 villus
crypt units (Haeley et al, 1995), and parasite
density per single villous crypt unit was rec-
orded for each mouse and group (Abdou et
al, 2013). A medium parasitic burden was
defined as <50 parasites, while a heavy bur-
den was >50%.

Dysplastic changes assessment: Dysplastic
alterations within the epithelial surface were
identified and reported for the presence or
absence of dysplasia (Zhang YingDi et al,
2018).

Statistical analysis: Data were collected,
computerized, and statistically analyzed by



using the statistical program (SPSS) Statisti-
cal Package for Social Science Version 23.0
(SPSS Inc., Chicago, Illinois, USA). The de-
scriptive and analytical data included the fre-
quencies and percentage. The P-value was

considered significant at 0.05 or less and
highly below 0.001.
Results
The data were given in tables (1, 2 & 3)
and figures (1, 2, 3 & 4).

Table 1: Cryptosporidium burden in ileocecal tissue duration among probiotics-untreated (G1) and probiotics-treated (G4) immunocompetent

mice
ration 2 weeks 4 weeks 8 weeks 10 weeks 14 weeks P value

Groups No. | % No. % No. % No. | % No. | % 0.0355.

Medium (<50%) 4 66.6 | 3 50 1 16.7 0 0 0 0 Significant
O | Heavy (>50%) 2 334 | 0 0 0 0 0 0 0 0 p <.05.

Total 6 100 3+3* | 50+50* | 1+5* | 16.7+83.3* | 0 0 0 0

Medium (<50%) 3 50 4 66.6 2 33.4 3 50 2 33.4
O | Heavy (>50%) 3 50 2 33.4 4 66.6 3 50 4 66.6

Total 6 100 6 100 6 100 6 100 6 100

*Negative

Table 2: Cryptosporidium burden in ileocecal tissue duration among probiotics-untreated (G3) & probiotics-treated (G4) im-

munocompromised mice

uration 2 weeks 4 weeks 8 weeks 10 weeks 14 weeks P value

Groups No. | % No. | % No. | % No. | % No. % 3.9543.
Medium (<50%) | 4 66.6 | 2 334 | 4 666 |4 66.6 |3 50 .26644.

&3 | Heavy (>50%) |2 344 |4 66.6 | 2 334 |2 334 |3 50 Insignificant
Total 6 100 |6 100 | 6 100 6 100 6 100 p<.05
Medium (<50%) | 1 16.7 | 4 66.6 | 2 334 3 50 2 334

& | Heavy (>50%) |5 833 |2 334 | 4 666 |3 50 4 66.6
Total 6 100 |6 100 | 6 100 6 100 6 100

Table 3: Cryptosporidium burden degree to dysplastic changes infection among G2, G3 &G4 mice.
Degree of burden G2 G3 G4 P value
No. | % | No. % No. | %
Medium 1 20 2 334 3 21.4 0.826479,
Heavy 4 80 4 66.6 11 78.6 Insignificant
Total 5 100 6 100 14 100 p > 0.05.
Discussion extra-intestinal cryptosporidiosis to the bilia-

Generally, cryptosporidiosis opportunistic
high risk and/or prolonged infection in-
creased in patients with cellular and humoral
immune deficiencies, such as HIVV/AIDS, or-
gan transplants, IgA deficiency, immunosu-
ppressive drugs, and/or hypogammaglobuli-
nemia (El-Bahnasawy et al, 2018). Besides,
biotics-treated, and untreated immunocomp-
etent mice. Those received probiotics exhbi-
ed a consistently higher parasitic load com-
pared to untreated ones. This agreed with
Guitard et al. (2006), they found that admin-
isteration of two different probiotic mixtures
orally didn't significantly affect the intestinal
cryptosporidiosis. Besides, Salazar-Lindo et
al. (2004) in a clinical trial by didn't find
marked effect of supplementing infant form-
ula with Lactobacillus GG in cryptosporidi-
osis-associated diarrhea. But, others (Alak et
al, 1999; Sanad et al, 2015; Gaber et al,
2022) reported a reduction in parasitic burd-

ry tract cause complications in sever HIV/
AIDS patients, such as acalculous cholecyst-
itis, pancreatitis, cholangitis, and/or stricture
formations with a poor prognosis (Shirley et
al, 2012).

In the present study, there was a significant
difference in parasitic burden between pro-
en after probiotic treatment of cryptosporid-
iosis infected immunocompetent mice. Ashr-
af and Shah (2014) reported that there was
discrepancy in the probiotics enhances in the
nonspecific cellular immune responses in the
immunocompetent hosts by mechanisms, su-
ch as macrophage activation, stimulation of
natural killer (NK) cells, antigen-specific cy-
totoxic T lymphocytes, and cytokine release
in a strain-specific and dose-dependent way.

In the present study, probiotics treated im-
munocompromised mice exacerbated the pa-
rasitic burden. This agreed with Toro-Lond-
ono et al. (2019); Carey et al. (2021), and



Piazzesi et al. (2023), they found that chron-
ic C. parvum infection in immunocomprom-
ised individuals played marked alterations in
gut microbiota composition with persistent
infection. In the immunodeficient mice, Lact
obacillus reuteri caused the intestinal resist-
ance to cryptosporidiosis (Alak et al, 1997),
and reduced parasites in intestinal epitheli-
um (Waters et al, 1999). Alak et al. (1999)
provided more insight into this contradiction
that Lactobacillus supplementation reduced
C. parvum shedding in feces, but didn't sup-
press Th2 cytokine production linked to im-
munosuppression. Also, it didn't restore Thl
cytokines or IFN-y, essential for parasites re-
covery. Besides, Bifidobacterium infantis in-
hibited chemokine CCL20 secretion in a do-
se-dependent manner (Sibartie et al, 2009),
impairing the antimicrobial activity against
C. parvum sporozoites (Guesdon et al, 2015;
Laurent and Lacroix-Lamandé, 2017), as in
the present study.

In the present study, probiotic didn't show
dysplasia in G1, but 80% of G2 mice with
dysplastic changes exhibited a heavy parasit-
ic burden. In G3, 66.6% of dysplastic mice
had a heavy burden, but G4 showed 78.6% a
heavy parasitic burden, without significant
differences. This agreed with Certad et al.
(2010) who, reported that Cryptosporidium-
induced cellular transformation in SCID mi-
ce treated with dexamethasone with high do-
ses (10°-107oocysts) resulted in more severe
neoplastic development compared to lower
doses infected mice., with dysplasia and in-
traepithelial neoplasia high-grade in cecum
as early as 46 days post-infection in imm-
unohistochemical cellular proliferation three
weeks post-infection (Lowe and Lin, 2000.
C. parvum infection contributed to dyspla-
stic changes by modulating apoptosis, a crit-
ical process in carcinogenesis (Meleet et al,
2004). Also, this agreed with Altounsy et al.
(2010), who reported that C. parvum alter-
nated the gut microbiome. Ras et al. (2015)
found that in monkeys probiotics (Lactoba-
cillus rhamnosus, linked Bifidobacterium
lactis) induced mild apoptotic effects. Cryp-
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tosporidiosis was associated with microbial
shifts linked to dysbiosis and inflammation
(McKenney et al, 2017). Also, fungal micro-
biome was changed in horses post-infection
(Wang et al, 2022). Besides, Lactobacillus
GG promoted intestinal epithelial icell activ-
ity by pro- and anti-apoptotic pathways (Yan
and Bolk, 2002).

Probiotics anticarcinogenic actions includ-
ed modulation of the intestinal microbiota,
suppression of cell proliferation and indu-
ction of apoptosis (Naeem et al, 2024). But,
excess probiotic altered mechanisms (Zhao
et al, 2016). Variations in microbiome com-
position influenced susceptibility to cryptos-
poridiosis pathology (Chappell et al, 2016).

Colorectal cancer development is a com-
plex process with 70% of patients from the
premalignant adenomas (Park et al, 2018).

Unregulated inflammatory cytokines prod-
uction of TNF-a and IFN-y enhanced apopt-
osis (Fan and Pedersen, 2021). C. parvum
infection induced DNA damage in leucocyt-
es (Atwa et al, 2020), which suppressed the
IFN-y secretion by NK cells, macrophages,
T cells, and intestinal intraepithelial lym-
phocytes (Leav et al, 2005).

Besides, probiotic bacteria in vitro produce
short-chain fatty acids (SCFAs), including
butyrate and propionate direct inhibited the
C. parvum growth (Keelaghan et al, 2022).
But, cryptosporidiosis in goat kids and neo-
natal mice showed deplete butyrate-produc-
ed bacteria by increasing Bacteroidetes rates
(Mammeri et al, 2020). Carey et al. (2021)
found that infants with diarrhea exhibited lo-
wer Megasphaera levels of a SCFA-produ-
cing bacterium in evaluating cryptosporidio-
sis. Apoptotic changes induced by C. parv-
um infection as early as 24 hours P.I. in non-
infected adjacent cells, potentially as a host
strategy limiting its expansion (Chen et al,
2001; Liu et al, 2008). But, apoptosis in later
infection facilitated parasite escaping from
the host (McCole et al, 2000; Buret et al,
2003). While the apoptosis can help elimin-
ating infected cells, excessive or uncontroll-
ed apoptosis may promote dysplastic chang-



es, contributing to colorectal cancer develo-
pment (Park et al, 2018).
Conclusion

The probiotic administration influences
the Cryptosporidium burden and progression
in infected mice, with potential implications
for dysplasia and colorectal cancer devel-
opment.

More study is ongoing to evaluate the pro-
biotics strain-specific effects and interac-
tions with host immune responses in cryp-
tosporidiosis and will be published in due
time elsewnhere.
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Explanation of figures
Fig. 1: Ocysts in stool samples obtained from severely infected mice stained with kinyoun (x1000).
Fig.2A: Histopathology ileocecal tissues of Cryptosporidium-infected developmental stages mouse: arrows: (a) meront type Il, (b) microga-
mont B: arrows: (a) trophozoite, (b) macrogamont (H&E, 1000 x), 7 C: arrows: (a) meront type I, (b) oocyst, (c)sporozoite (H&E, 1000 x).
Fig. 3: Different inflammatory changes inside intestinal cecal tissues of probiotics-treated Cryptosporidium-infected mice. Colonic mucosal
damage with irregularity of surface epithelium and degenerated epithelial cells falling in lumen (Black arrows) and increase in chronic lym-
pho-palsmacytic infiltrate in lamina propria (Arrowheads), Areas of complete drop out glands (Blue arrows). Some inflammatory cells at-
tacked crypts (Red arrows), Inflammation (2), Inflamed area/extent (2), Crypt damage (1) Involvement % (3). Score= 8
Fig.4: Dysplastic changes in ileocecal tissues of Cryptosporidium-infected mice. Papillary proliferation of mucosal epithelium forming ade-
noma-like configuration (Black arrows), with fibro-vascular cores (Red arrowheads), with epithelial dysplastic changes (Black arrowheads);
enlarged hyperchromatic nuclei, nuclear stratification and dysplastic goblet cells. An increase in chronic lymphopalsmacytic infiltrate in
lamina propria (Blue arrows). Some inflammatory cells attacked crypts (Red arrows) (H&E, 100x).
Fig.4: Dysplastic changes in ileocecal tissues of Cryptosporidium-infected mice. Papillary proliferation of mucosal epithelium forming ade-
noma-like configuration (Black arrows), with fibro-vascular cores (Red arrowheads), with epithelial dysplastic changes (Black arrowheads);
enlarged hyperchromatic nuclei, nuclear stratification and dysplastic goblet cells. An increase in chronic lympho-palsmacytic infiltrate in
lamina propria (Blue arrows). Some inflammatory cells are attacking crypts (Red arrows)
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