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Abstract
There are various limitations on the efficacy of anticryptosporidal drugs with a critical need to
have better alternatives. This study evaluated the effect of Lactobacillus acidophilus (L. acidophilus), a probiotic and chitosan, a natural polysaccharide as compared to azithromycin (AZT), as
single therapy and in combination in treatment of cryptosporidiosis on infected neonatal mice.
The three therapeutics individually showed significant decrease in Cryptosporidium oocysts
shedding compared to control (P <0.001). However, L. acidophilus caused a higher reduction
(91.07%) compared to both AZT (83.19%) and chitosan (65.61%). Also, they reduced the oocysts
numbers detected in the intestine, resolved totally the neutrophilic activity, without affecting the
intestinal inflammation, but caused liver inflammation improvement. AZT/L. acidophilus combination caused highest reduction in oocysts shedding (93.44%), followed by chitosan/L. acidophilus
combination (92.76%). These results represented a significant improvement compared to AZT
single therapy (P-values 0.012 & 0.024 respectively) or chitosan single therapy (P <0.001 for both
combinations). Besides, all therapeutic combinations removed any apparent parasite in the intestine and halted acute neutrophilic activity. Intestinal inflammation totally disappeared with chitosan/L. acidophilus combination. Liver inflammations improved with drug combinations, but did
not resolve totally as mostly observed with single therapy.
Key words: Cryptosporidium, Neonatal mice, Lactobacillus acidophilus, Chitosan, Azithromycin.

2019). Reports of pediatric cryptosporidiosis
ranged from 10.9% (Sadek, 2014) to 49.1%
(Helmy et al, 2013) in children with diarrhea
and 19.5% - 22.4% in children with or without diarrhea (El-Badry et al, 2017; Fathy et
al, 2014 respectively).
The infection burden was significantly underestimated with a very low case reporting
(Sparks et al, 2015). Indian infants < 2 years
were the most susceptible up to 75% (Checkley et al, 2015). As clinical symptoms cannot
be an accurate method to assess tried therapeutics efficacy, assessment of oocyst shedding
reduction per gram was useful and helped to
estimate transmission risk (Dixit et al, 2022).
Cryptosporidium infects the microvillous
layer of small intestine epithelial cells. Villous atrophy, white blood cells increase in lamina propria and histopathological damage occurred with persistent infection (Fahmy et al,

Introduction
Cryptosporidium is an intracellular protozoon of phylum Apicomplexa, recognized as a
cause of pediatric diarrhea worldwide (Ashigbie et al, 2021). Cryptosporidium outbreaks
occurred in developing and developed countries due to its low infective dose, extended
range of reservoir hosts and chlorination resistance leading to chronic and severe symptoms in immunosuppressed patients (Diptyanusa and Sari, 2021). The Egyptian endemicity of cryptosporidiosis was reported in polluted water (El Shazly et al, 2007), farm animals
(Mahfouz et al, 2014), man (El-Bahnasawy et
al, 2018), particularly school children (Shalaby and Shalaby, 2015), and even nosocomial
transmission (el-Sibaei et al, 2003). In Egypt
and many African countries, depend on chlorine in water disinfection to which Cryptosporidium was highly tolerant (Ahmed et al,
183

2021), which led to cell damage by cytokines
and immune cells stimulation and recruitment
to infection site (Zakir et al, 2021). In immunosuppressed patients infection extended to
gastrointestinal tract, bile ducts and respiratory tract led to chronic liver inflammation or
even cirrhosis (Wolska-Kusnierz et al, 2007).
Its intracellular extracytoplasmic location limited the drug efficacy (Dixit et al, 2022).
Azithromycin is one of the most active macrolides against cryptosporidiosis (Rehg, 1994
b) that improved symptoms in immunocompromised children & chronic patients (Mead,
2002). Long-term AZT low dose caused stable remission of cryptosporidiosis in AIDS patients and eradicated infection, even with high
immune suppression (Dionisio et al, 1998).
Chitosan (chitin) is a water-soluble unbranched polymer chains of N-acetyl-D-glucosamine (Shepherd et al, 1997), found in exo-skeletons of arthropods, aquatic invertebrates &
fungi (Yong et al, 2015), as the most available natural polysaccharide after cellulose (Saber et al, 2017), used in drugs (Tozaki et al,
1997), against pathogens (Hayashi et al,
2007), and parasites (Silva et al, 2021) including cryptosporidiosis (Mammeri et al, 2018).
Lactobacillus is one of the widely used probiotics (Ajanya et al, 2018), as natural safe effective on intestinal microbial (Vemuri et al,
2018). L. acidophilus anticryptosporidial effect was due to releasing antimicrobial products
affected Cryptosporidium (Foster et al, 2003),
acting as immunomodulatory agents in intestinal and urogenital infections, cancer or liver
diseases (Patel et al, 2014) with pro-inflammatory responses reduction (Charania et al,
2020). Their products hindered survival and
physiology of many parasites (Berrilli et al,
2012). Lactobacilli inhibited the Cryptosporidium habitation and reproduction (Gupta and
Garg, 2009). Also, they counteracted Cryptosporidium damage caused by the D-amino acids product-ion promoting micro-biome-host
signaling by attaching to intestinal epithelium
and related immune cells (Karpe et al, 2021).

This study aimed to assess the effects of L.
acidophilus, a probiotic, and chitosan, a natural polysaccharide, as compared to AZT in the
treatment of cryptosporidiosis, in experimentally infected neonatal mice, given as a single
therapy and combined. This was evaluated by
analyzing parasitic burden (oocysts shedding)
and histo-pathological changes in duodenum
and liver.
Materials and Methods
Experimental animals: The current study
was carried out on 80 baby male Swiss albino
mice, 2-3 weeks of age, weighing about 1015gm, bred in Theodor Bilharz Research Institute (TBRI) in Giza. The mice were free
from any parasitic infection as determined by
the inspection of their stools for three successive days. All animal handling and experimental procedures were carried out according
to national and institutional rules and ethics
for laboratory
care and use. They
were housed in a twelve-hour light/dark cycle
and were given conventional pelleted feed
with unlimited water.
Cryptosporidium oocysts: Oocysts were obtained from the laboratory of the Parasitology
Department, TBRI, Giza. Using an oesophageal tube, 103 oocysts were given orally to each
mouse on day one (Mostafa et al, 2018). After
a week, fecal pellets were collected from the
inoculated mice (Rehg, 1991) for parasitologically examined using Modified Zeihl-Neelssen stain (Garcia, 2007), to confirm infection.
Therapeutics: AZT (Epizithro) 500mg, manufactured by the Egyptian International Pharmaceutical Industries Company (E.I.P.I.C.O.)
was given at a dose of 200mg/kg/day for five
consecutive days (Rehg, 1991). The chitosan
(500mg), manufactured by DBK Pharmaceuticals was given at a dose of 1mg/mouse/day
for five consecutive days (Mammeri et al,
2018). L. acidophilus in capsule form, manufactured by Natrol LLC, United States, was
given orally for 5 consecutive days at a dose
of 108 CFU in 0.2 ml/day (Alak et al, 1997).
Experimental design: Mice were randomly
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divided into eight groups of ten mice each.
GI: negative control mice (neither infected,
nor treated), GII: positive control mice (infected, non-treated); GIII: infected mice treated
with AZT; GIV: infected mice treated with
chitosan; GV: infected mice treated with L.
acidophilus; GVI: infected mice treated with
AZT combined with chitosan; GVII: infected
mice treated with AZT combined with L. acidophilus and GVIII: infected mice treated
with L. acidophilus combined with chitosan.
All groups were compared to control group
and one another. Treatment started simultane

ously on day 8 post-infection (PI), continued
for 5 days and all were sacrificed on the 20th
day PI (Mostafa et al, 2018).
Parasitological examination: At scarification, fresh fecal pellets were collected from each mouse and labeled individually for assessment of oocysts count per gram. To detect Cryptosporidium oocysts, Modified Ziehl-Neelsen stain was employed followed by microscopical examination using the oil immersion
lens (x100) according to Garcia (2007) with
modifications. The reduction percentage of
parasitic count was calculated as follows

Histopathological examination: A part of duodenum and liver were collected from each
mouse, fixed with 10% neutral buffered-formalin, processed for paraffin block, sectioned at
5µm thickness, and stained in hematoxylin
and eosin (Cardiff et al, 2014).
Duodenal samples were evaluated for the recognized criteria of duodenitis; neutrophil infiltrate (activity), mononuclear infiltrate in form of lymphocytes and plasma cells (inflammation), villous atrophy and gastric metaplasia (Dixon et al, 1996). Inflammatory cells
were assessed in epithelial layer and lamina
propria according to the Sydney classification, while gastric metaplasia and villous atrophy were evaluated (Wyatt et al, 1987; Blomquist et al, 1994) respectively. Each feature
received a score ranged from zero to three: 0=
normal, 1= mildly abnormal, 2= moderately
abnormal and 3= severely abnormal.
Grading of inflammation of liver samples
was done in accordance with ISHAK scoring
system that assigns numbers to indicate the
severity level of the necro-inflammatory features (interface, lobular & portal inflammations). Scores of the interface inflammation
were assessed as follows: (0) if absent, (1) if
mild (focal, few portal areas), (2) if mild/
moderate (focal, most portal areas), (3) if
moderate (continuous around < 50% of tracts
or septa) and (4) if severe (continuous around

> 50% of tracts or septa); lobular inflammation: (0) if not present, (1) one focus (2) presence of two to four foci, (3) presence of five
to ten foci and (4) if >10 foci were seen. Portal inflammation: (0) indicated absence, (1)
mild in some or all portal tracts, (2) moderate
in some or all portal tracts, (3) moderate/marked in all portal tracts and (4) marked
inflammation in all portal tracts (Westin et al,
1999).
Statistical methods: Statistical package for
the social sciences (SPSS) version 28 was used to code and data entry (IBM Corp., Armonk, NY, USA). The mean and standard deviation were used to summarize data. Analysis
of variance (ANOVA) with multiple comparisons post hoc test was used to compare
groups (Chan, 2003). If the P-values were less
than 0.05 considered statistically significant.
Results
Oocysts count: A week post-treatment, the
three single therapy groups (AZT, chitosan &
L. acidophilus), showed a significant reduction in shedding compared to the control group
(P <0.001). But, L. acidophilus caused a higher reduction (91.07%) compared to the regular
therapy AZT (83.19%) and chitosan; which
showed the least reduction (65.61%).
All combination therapy groups resulted in
significant decrease in Cryptosporidium oocysts in examined samples compared to the
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control mice. AZT/L. acidophilus combined
resulted in the highest reduction in oocysts
shedding (93.44%), followed by chitosan/L.
acidophilus combination (92.76%). This represented a significant improvement compared
to AZT single therapy (P-values 0.012 &
0.024 respectively) or chitosan single therapy
(P-value <0.001 for both combinations). This
combination was comparable to L. acidophilus single therapy (91.07%). Combined chitosan and AZT was not significant (86.03%)
compared to AZT single therapy (83.19%).
Histopathologically small intestine: In positive control, marked oocysts were detected.
Mild intestinal inflammation in form of lymphocytic and plasma cells infiltration and acute immune cells activity in form of neutrophil infiltrates were seen.
Three therapeutics given individually reduced the oocysts numbers in intestine and totally resolved neutrophilic activity
t affect intestinal inflammation. All therapeutic
combinations wiped away any parasitic infection in intestine and halted any acute neutro-

philic activity. Intestinal inflammation totally
disappeared with chitosan/L. acidophilus, but
increased on combined chitosan with AZT.
Liver samples of positive control showed
moderate grades of widely spread liver inflammation, portal, lobular and interface, associated with mild degeneration. Three therapeutics caused in marked improvement in liver
inflammation when given individually, without interface or portal inflammation (except a
mild form of portal inflammation with chitosan). Also, lobular inflammation decreased to
a mild form, but hepatocytes degenerative
changes remained. Three therapies combined
improved all forms of liver inflammation, as
compared to p
resolve them totally as seen with single therapy;
still, mostly mild portal, interface and lobular
inflammations could be detected in liver tissues. Strikingly, Chitosan/L. acidophilus combined caused marked lobular inflammation,
also, degeneration did not improve.
Details were given in table (1, 2 & 3) and
figures (1, 2 & 3).

Table 1: Mean, standard deviation & reduction % of Cryptosporidium oocysts fecal shedding (per gram) in positive control and
treated ones received single or combined regimens.
Oocysts fecal shedding Positive
L. acidophi- AZT &
AZT &
Chitosan &
AZT
Chitosan
P-value
3
) /1
control
lus
Chitosan L. acidophilus L. acidophilus
Mean
253.40 42.60 * 87.14 *
22.63 *
35.39 *
16.63 *
18.35 *
<0.001
SD
42.60
4.21
4.55
1.29
2.30
2.02
2.14
Percent reduction
83.19 % 65.61 %
91.07 %
86.03 %
93,44 %
92.76 %
AZT= Azithromycin, *Significance at P < 0.05 compared to positive control.
Table 2: Intestinal tissue examination in positive control and treated ones received single or combined regimens.
Intestinal tissue
Positive
AZT &
AZT &
Chitosan &
AZT Chitosan L. acidophilus
(duodenitis score)
control
Chitosan L. acidophilus L. acidophilus
Parasite
3
1
1
1
0
0
0
Neutrophilic activity
1
0
0
0
0
0
0
Inflammation
1
1
1
1
2
1
0
Villous atrophy
NAD
NAD
NAD
NAD
NAD
NAD
NAD
NAD = No abnormality detected. Each feature received a score as follows: 0 if normal, 1 if mildly abnormal, 2 if moderately
abnormal and 3 if severely abnormal.
Table 3: Liver inflammation in positive control and treated ones receiving single or combined regimens.
Liver inflammation Positive
AZT &
AZT &
Chitosan &
AZT
Chitosan L. acidophilus
score
control
Chitosan
L. acidophilus L. acidophilus
Portal
2
0
1
0
1
2
1
Interface
2
0
0
0
1
1
1
Lobular
2
1
1
1
1
1
3
Grading according to ISHAK scoring system; lobular inflammation absent=0 , one focus or less =1, 2-4 foci=2, 5-10 foci=3 and
>10 foci=4; interface hepatitis absent = 0, mild = 1, mild/moderate = 2, moderate = 3 and severe = 4; and portal inflammation
absent =0, mild some or all portal tracts=1, moderate in some or all portal tracts=2, moderate/marked in all portal tracts =3 and
marked in all portal tracts =4.
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ministered to children with cryptosporidiosis
(Sindhu et al, 2014). Guitard et al, (2006) reported that Lactobacillus didn t eradicate the
Cryptosporidium parvum in the neonatal rats.
In the current study, L. acidophilus decreased the intense parasitic infection, observed
in the small intestine of the control group, to
just a mild grade. This was in agreement with
a study done on immunosuppressed mice
which related the use of probiotics (including
L. acidophilus) to a decrease in Cryptosporidium load in intestinal epithelium (Al-Khaliq et
al, 2021). Similarly, Lactobacillus casei decreased Cryptosporidium in intestine starting
the 3rd day PI (Khalifa, 2016).
In this study, L. acidophilus administration
was accompanied with disappearance of the
acute neutrophilic activity in intestinal tissues
but not the inflammatory infiltration. Also,
Lactobacillus reuteri (Fahmy et al, 2021) and
Lactobacillus brevis (Ueno et al, 2011) helped cure intestinal inflammation. On the contrary, Al-Khaliq et al. (2021)
change in intestinal cellular infiltration in L. acidophilus treated mice in comparison to positive
control. Also, Rotkiewicz et al. (2001) detected numerous epithelial lymphocytes, lamina
propria mononuclear cells and enlargement of
mucosal lymph nodes (with large numbers of
lymphocytes in their periphery) after L. acidophilus administration to Cryptosporidium infected piglets.
In the present study, chitosan resulted in a
significant decrease in oocyst production; a
65.61% reduction compared to positive controls. This agreed with Mammeri et al. (2018)
who reported a 95.7% to 98.9% reduction in
oocysts in vitro, but disagreed with Moawad
et al. (2021), who reported a 14.3% and
7.68% in immunocompetent and immunocompromised mice respectively.
In this study, chitosan single therapy was associated with a decrease in parasitic load in
intestinal sections, from a marked to a mild state. Also, Kayser (2001) related the decrease
in parasitic stages in intestinal tissues to add-

Discussion
In the present study, AZT administration resulted in a significant decrease in Cryptosporidium oocysts shedding (83.19%). Similar studies using AZT, reported oocysts shedding reduction of 68% in experimental animals (Obiad et al, 2012) and parasitic clearance in 83%
of the treated human immunodeficiency virus
(HIV) patients (Diptyanusa and Sari, 2021).
On the other hand, Bitsue et al. (2017) reported a 33.33% reduction in mice on using AZT.
Also, Wolska-Kusnierz et al. (2007) reported
that AZT was ineffectiveness in treating cryptosporidiosis in children with primary immunodeficiencies.
A single therapy, histopathologically, AZT
caused decrease of the intense parasitic load
and elimination of the acute neutrophilic activity but it was not able to resolve the inflammatory activity. In liver tissues, a decrease in
inflammation was observed except for a mild
grade of lobular inflammation. Also, significant decrease of cryptosporidial stages in intestinal epithelium was reported by Fayer and
Ellis (1993). Besides, Al-Jarjary et al. (2010)
reported milder degenerative and inflammatory effects in examined liver tissues with AZT.
Dong and Yuanyuan (2013) reported a decrease in cellular infiltration, but without intestinal histopathological damage. Nevertheless, a
higher dose of AZT (400mg/kg/day) in immunosuppressed rats was the best results in treating biliary duct infection (Regh, 1994a).
In the present study, L. acidophilus resulted
in a significant decrease in Cryptosporidium
oocysts shedding (91.07%). Similarly, Gaber
et al. (2022) reported an oocyst reduction rate
of 95.77% on using L. acidophilus in infected
mice. Also, Rotkiewicz et al. (2001) reported
its ability to hinder oocyst excretion by the
15th day of infection in piglets. In an in vitro
study, L. acidophilus caused significant decrease (81%) in oocysts viability & (95%) infectivity (Foster et al, 2003; Glass et al, 2004
respectively). But, others
beneficial effects when Lactobacillus was orally ad187

ing chitosan in treatment combinations. This
anticryptosporidial potential of chitosan was
related to its direct effect on oocysts viability
and development (Mammeri et al, 2018), its
ability to inhibit Cryptosporidium attached to
enterocytes and creating a physical barrier
(Blanco-Garcia et al, 2016).
In this study, chitosan alone caused disappearance of the acute neutrophilic activity, but
not intestinal inflammation. This agreed with
Ahmed et al. (2022) reported that using chitosan nanoparticles partially reversed colitis in
rats and decreased but not resolved inflammatory infiltrate. But, Moawad et al. (2021) reported marked intestinal histopathological changes when treating Cryptosporidium-infected
mice with chitosan nanoparticles.
In the current work, chitosan resulted in disappearance of interface form of liver inflammation and the decrease of lobular and portal
inflammations to a mild grade. The liver enzymes; AST, ALT, ALP decreased and liver
histology improved with chitosan treatment in
hepatic fibrosis rat model, suggesting that chitosan has a hepato-protective effect (Wang et
al., 2018). But, Moawad et al. (2021) reported
marked inflammation in liver tissue similar to
that observed in the control group with chitosan nanoparticles.
Combining AZT/ L. acidophilus resulted in
the highest percent reduction of oocysts shedding perceived in this work (93.44%) which
varied significantly compared to control and
AZT single therapy. L. acidophilus added to
AZT, helped restoring gut flora acting as a
natural barrier against Cryptosporidium proliferation, which was altered by using the AZT
(Rehg, 1994a). Also, Gargala (2008) reported
that the most often used medications, such as
paromomycin, AZT, & NTZ were more successful when administered in conjunction with
immune-boosting therapeutics (including probiotics).
In the current work, histopathological examination revealed that chitosan improved drastically the effectiveness of AZT, when given

together. Complete disappearance of the parasites and neutrophilic activity from intestinal
tissues were reported. In the same context,
other protozoa; Entamoeba histolytica, benefited most from combined chitosan (nanoparticles) with paromomycin (Hamad, 2021).
In this study, using AZT combined with L.
acidophilus or chitosan for 5 days caused the
disappearance of infection from intestinal tissues which were maintained till scarification,
a week after treatment. This agreed with Rehg
(1991) who found disappearance of Cryptosporidium from intestinal tissues using AZT
alone for 9 days.
In the present study, chitosan combined with L. acidophilus was the first trial to assess
the synergistic effect of the natural therapies.
This caused a significant decrease in oocysts
shedding compared to control and AZT alone,
with a reduction of 92.76%. This was a comparable to combined synthetic AZT with L. acidophilus (93.44%), which caused remarkable
histopathological improvement as compared
to Lactobacillus alone. Chitosan/L. acidophilus was the only group that gave total re-solution of intestinal inflammation, and complete
disappearance of parasitic infection.
On examining liver specimens, all drug combinations were capable to decrease but not
to totally resolve portal and interface inflammations (as mostly observed with single therapy). Chitosan/L. acidophilus combined caused increased lobular inflammation. This incomplete cure of inflammation with combined
therapy might be related to the immaturity of
the neonatal mice body systems and their inability to cope with combined therapies (Bugelski et al, 2010). This required more study to
assess the hepatic effects caused by such combinations, especially in the young aged.
Conclusion
Lactobacillus acidophilus showed a highly
promising anticryptosporidial activity, which
exceeded the synthetic drug AZT, in addition
to its ability to down-regulate intestinal and
hepatic inflammations even when administer188

ed alone. Chitosan, also, represented a rather
attractive anticryptosporidial alternative.
Further studies are needed to standardize L.
acidophilus administration modalities to achieve total infection elimination (as a single or
combined therapy), especially for younger
ages.
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Explanation of figures
Fig.1: Cryptosporidium oocysts/gm., in positive control and treated with single & combined therapeutic regimens (*significant to control).
Fig.2: Small intestine H&E-stained sections: A- Positive control. Lamina propria showed mild lymphoplasmacytic cellular infiltrate (black arrow), scattered neutrophils & mild edema. Trophozoites related to brush borders (red arrow), B- AZT-treated one showed scattered trophozoites
related to brush borders (red arrows), C- Chitosan-treated one with lamina propria showed mild lymphoplasmacytic cellular infiltrate (black arrow) and mild edema. Trophozoites related to brush borders (red arrow), D- L. acidophilus-treated one with lamina propria showed mild lymphoplasmacytic cellular infiltrate (asterisk) and mild edema. Trophozoites related to brush borders (red arrow), E- AZT/Chitosan-treated one showed
lamina propria with moderate lymphoplasmacytic cellular infiltrate (asterisk), mild edema, no parasite, F- AZT/ L. acidophilus -treated one
showed lamina propria with mild lymphoplasmacytic cellular infiltrate (asterisk), mild edema but no parasite, G- Chitosan/ L. acidophilus-treated
one with lamina propria within normal lymphoplasmacytic cellular infiltrate (black arrow), but no parasite. Sections (A-F) with average goblet
cell population but no gastric metaplasia, ulceration, atrophy, atypia or malignancy; sections A, C, D ,E, F (X 200), B (X 400) & G (X 100).
Fig.3: Liver H&E-stained sections: A- Positive control showed hepatocytes with mild hydropic degeneration (black arrow). Portal tract with
moderate portal inflammation (red arrow) and moderate interface (periportal) hepatitis (green arrow), B- AZT-treated one showed liver tissue
hepatocytes with mild hydropic degeneration (black arrow) and lobular inflammation focus (red arrow), C- Chitosan-treated one, hepatocytes
showed mild hydropic degeneration. Portal tract showed mild portal inflammation (red arrows), D- L. acidophilus-treated one showed hepatocytes with mild hydropic degeneration (black arrow) and of lobular inflammation focus (red arrow), E- AZT/Chitosan -treated one showed
hepatocytes with mild hydropic degeneration (black arrow). Portal tract with mild inflammation (red arrow) and focal periportal hepatitis foci
(green arrow), F- AZT/L. acidophilus-treated one hepatocytes showed mild hydropic degeneration (black arrow). Portal tract with moderate portal inflammation (red arrow) and G- Chitosan/L. acidophilus-treated one showed hepatocytes with mild hydropic degeneration and lobular inflammation multiple foci (black arrow). Central veins patent. Sections (A-F) with lobular architecture without steatosis, cholestasis, dysplasia or
malignancy seen. Sections A,C,D,E,F (X200), B (X400) and G (X100).
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