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Abstract

Cryptosporidium spp. which can cause weight loss and severe watery
diarrhea, is often found in the intestinal tracts of both animals and humans.
However, little is known about the host immune responses elicited upon
infection with Cryptosporidium spp. Although cryptosporidiosis due to
Cryptosporidium spp. generally self-limiting in  immunocompetent
individuals, it can be lethal in immunocompromised or in immunosuppressed
hosts, such as infants and HIVV/AIDS. Current study aimed to investigate of
IL-10 Level in spleen homogenate for immunosuppressant BALB/ C mice by
dexamethasone and infected with Cryptosporidium spp. Level of IL-10
appeared to increase in infected group (infected with Cryptosporidium spp.)
(1446.93 £161.02 pg/ml) compared to control group (non-infected)
(641.20+40.42pg/ml), while it get decreased in immuno suppressant group
(immuno suppressed by dexamethasone and infected with Cryptosporidium
spp.) (872.26 +46.20 pg/ml) P<0.001. The results of the current study may
provide benefit to future research on the immune response to
Cryptosporidium spp. infection in temporary immunosuppressed populations.
Key words:- Cryptosporidium spp., spleen homogenate, Dexamethasone,
IL-10

Introduction

Malnutrition is caused by the loss of appetite, decreased absorption of

food, and a higher catabolism of nutrient stores due to the inflammation and
diarrhea caused from enteric protozoal infections by Cryptosporidium spp.,
which represent a significant global health concern. Cryptosporidiosis is a
virulent endemic parasite which notably, infects individuals with
immunocompromised illnesses as well as children under four years old . It
annually accounts for >7.5 million disability-adjusted life-years and >4.2
million reported cases (1). Cryptosporidium species causing the infection
include (C. parvum and C. hominis). The fecal-oral pathway is the route of
spread for Cryptosporidium spp. from sources such as drinking water or
recreational waters contaminated with raw sewage and/or animal faeces(1).
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The result and severity of cryptosporidiosis, as well as the host's
vulnerability to infection with this parasite, are significantly influenced by
their immunological condition. Infections in immunocompetent hosts are
frequently self-limited, mild to moderate, or asymptomatic (2). Nonetheless,
infection can cause chronic, crippling, and potentially lethal diarrhea and
wasting in immunocompromised hosts, including those with HIV/AIDS,
congenital immunodeficiencies, and transplant recipients (2,3). The majority
of symptomatic infections in regions where cryptosporidiosis is endemic
happen in young children and those with compromised immune systems (4).

Intestinal epithelial cells (IECs) lining the small intestine serve as the first
line of defense against invasive Cryptosporidium spp. via a variety of
physical and physiological mechanisms. Sporozoites, and severity of
cryptosporidiosis is directly related to the immunologic status of the host (5).
Key stages in the infection cycle of Cryptosporidium spp. Nitric oxide,
dendritic cells (DCs), phagocytes, natural killer (NK) cells, and complement
system protect against them. The primary function is to protect the host from
infection (6), however, CD4+ T cells IFN-y is also required during early
infection for suppressing parasite replication (6), while Th2 cytokines such as
IL-4 are important for limiting pathogenesis (6). Nonetheless, the IL-4 and
IFN-y—deficient mice cleared infections with Cryptosporidium spp. (7). The
spleen is a large secondary lymphoid organ found in the blood with the
function primarily as a large blood filter. It was used to sort settled damaged
cells, apoptotic bodies, antigen-antibody complexes, effector red blood cells,
etc. The spleen has a wealth of micro- anatomical diversity reflecting the
complexity and variety of its functions. The spleen is a distinct immunologic
organ of the body and plays an important role in both the innate and adaptive
immune systems. Certain types of innate immune cells, for instance, B cells,
natural killer (NK) cells and macrophages reside in special areas of the
spleen. In particular, the spleen acts as a peripheral site for immune tolerance
to complement central tolerance mechanisms (8).

The spleen is unique in that it contains both innate and adaptive immune
systems. There will be many infections that will follow splenic excision, the
most important being an increased susceptibility to infections. However, in
recent years, several studies have shown that, in contrast to the other
secondary lymphoid organs, the spleen is a particularly important organ in
immunoregulation, besides playing a role during the immune response. This
unique function is basically mediated by regulating splenic cell migration and
proliferation (9).  Leukocytes, which include T cells, B cells, monocytes,
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macrophages, and dendritic cells (DCs), are the main producers of the anti-
inflammatory cytokine IL-10 (10). IL-10 is a significant immunomodulatory
factor that is essential for the immune response's negative control.
Considering the paucity of research on the spleen's function in the
Immunological response to Cryptosporidium spp. Therefore, the aim of the
current investigation was to find out how IL-10 functions in
Immunosuppressed mice's spleen homogenate in the immune response
against Cryptosporidium spp.

Materials & Methods

The animal used in this investigation were sixty male of BALB/c mice were
used in this investigation their aged three to six weeks, weighing around 20 g,
which were acquired from the Central Health Laboratory in Baghdad. Every
mouse was produced and kept in settings that were specific pathogen-free
(SPF), with unrestricted access to sterile food and water.

The following groups were created from the experimental animals:

Group I: (n=20) orally infected with Cryptosporidium spp. oocysts.

Group II: (n=20) immuno suppressed and infected mice.

Group I11: (n=20) non infected mice (Control group).

Animals stool were examined by used the modified Zeihl-Neelson technique.
Immuno suppression : Before the animals were inoculated with
Cryptosporidium spp. oocysts, experimental immunosuppression was
achieved by administering a synthetic corticosteroid (Dexamethasone)
intraepithelially at a dose of 0.25 mg/g/day for 14 days in a row. Throughout
the experiment, the mice were given the identical doses of dexamethasone.
The oocyst: Using a modified Ziehl-Neelson staining method, fecal samples
from slaughterhouses were analyzed for the presence of Cryptosporidium
spp. oocysts, which were isolated from naturally infected calves. Samples
were mixed with an equal volume of 2.5% potassium dichromate (K2Cr202)
in order to observe them (11).

Infective inoculum was prepared according with Suresh & Rehg (12), and the
number of Cryptosporidium spp. oocyst in the concentrated stock inoculums
were determined using heamatocytometer (13).

The infection: The prepared inoculums of Cryptosporidium spp. oocysts were
administered orally to all of the mice in our investigation, with the exception
of the control groups. This happened in the immunosuppressed group on day
14 of dexamethasone.

Using a tuberculin syringe attached to a polyether tube, the animals were
injected intra-esophageally with the prepared inoculums after being deprived
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of water for the whole night. The amount administered to each mouse was
adjusted to include roughly 1x10° oocysts.

Tissue homogenate: According to Costa et al. (14), spleen tissue was
homogenized using cold lysis buffer (50 mM Hepes, 1% Triton x 100, and
1:100 protease inhibitor). Then, centrifuged at 4C° at full speed for 10
minutes, and the supernatant was collected and stored at -80C°. The cytokine
levels in the spleen were assessed using the Enzyme-linked immunosorbent
assay (ELISA) to measure the amount of IL-10 (PeproTech; USA) in each
sample obtained from each study group at 14 days after infection (post
infection).

Statistical analysis

To determine the impact of the difference factor in the study parameters, data
were gathered, tabulated, and statistically examined using the SAS (2012)
program. This study's means were significantly compared using the Least
Significant Difference (LSD) test (Analysis of VVariance, or ANOVA).
Results and Discussion

IL-10 is a cytokine was assessed in the spleen of three groups: infected mice,
immunosuppressed infected mice, and uninfected control mice. This was
done to evaluate the immune condition of immunocompromised persons,
who are more vulnerable to infection by Cryptosporidium spp.

Levels of IL-10 appeared to increase in infected mice (1446.93 £161.02
pg/ml) compared to uninfected control group (641.20+£40.42pg/ml), while it
get decreased in immuno suppressant (872.26 +46.20 pg/ml) P<0.001 (Table
1).

Table 1: Comparisons between difference groups in IL-10 level in Spleen
homogeneous

Group Mean + SE of IL-10 (pg/ml)

Group | 1446.93 £161.02 a

Group Il 872.26 +46.20 b

Group 111 641.20 £40.42 b

LSD value 247.58 **

Means having with the different letters in same column differed
significantly. ** (P<0.01).

In healthy people, cryptosporidiosis is a self-limiting condition; in
Immunocompromised patients, it can be chronic and deviant (15), when
infection with C. parvum, intestinal epithelial cells initiate a series of innate
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defense reactions that lead to infection and activate immune effector cells at
the infection sites (16). Interleukin-10 (IL-10) is a potent anti-inflammatory
cytokine that is necessary for maintaining normal tissue homeostasis,
preventing and inflicting damage to host tissue, and regulating the host
Immune response to infections (17). Th2-cells are believed to be the primary
generator of IL-10 in vivo. They mediate tissue homeostasis and suppress the
immune response by delivering IL-10 to the site of inflammation (18). It
plays a variety of roles in both acquired and innate immunity. In order to
elicit a potent inflammatory response, it supports B-cell differentiation and
antibody secretion (18). Although the host's immunological condition has a
significant impact on the infection's prognosis and severity, little is known
about the nature of the immune response in cryptosporidiosis, especially in
humans. The majority of our knowledge regarding immunological responses
to Cryptosporidium is founded on research conducted on animals,
specifically mice (19, 20). It's crucial to remember that the intestines are the
main location of cryptosporidiosis infection. It's possible that the spleen has a
more indirect function in this infection by bolstering the infection's overall
Immune response (21,22). To completely comprehend the unique function of
the spleen in cryptosporidiosis, more investigation is required. Research on
the immune responses in patients who have had a splenectomy or have
splenic dysfunction may shed light on how the spleen helps combat this
infection(23).

Due to the lack of studies showing the immune role of the spleen in
infection with cryptosporidiosis so, the researcher will discuss of studies
that are similar with the current study. According to a study by Lacroix et al.
(24), IL-10 (and IL-4) was present when adult GKO mice of C57BL/-6 were
infected, but it did not eliminate the chronic infection of C. parvum. This
implies that, despite elevated IL-10 levels, the Thl cytokine response is
essential for the parasite's removal. Additionally, Robinson et al. (25)
reported that mice and humans infected with C. parvum had intestinal
mucosa that was upregulated in IL-10.

Unlike mice models, calves, who are natural hosts of C. parvim, showed a
correlation between the course of infection and the generation of IL-10 by gut
mucosal lymphocytes at 8 days post-infection. The absence of IL-10
expression in any uninfected calves implies a connection between the
response and recovery, as IFN-y boosts expression by gut mucosal cells (26).
According to Tessema et al. (6), both neonatal and adult groups of GKO mice
and wild type neonates showed a rising IL-10 response during the peak of

April (2025) s OO [ [ P A P
23



FOURI NS { Jp PR | % LR =V
ret i) sl — rcsalasi a5 i

Journal of the College of Basic Education Vol.31 (NO. 130) 2025, pp. 19-27

infection on day 9 (post infection). IL-10 levels were completely reduced
after 5 weeks (p.i.) of infection challenge and 2 weeks (post infection) of
infection resolution, indicating that following the peak of oocyst shedding,
the expression of the virus has decreased as a result of resolution in the
infected group as compared to the healthy control group. Contrary to our
findings, Lean et al. (27) revealed that IL-10 regulates the activation of iELc
by IFN-y. This may not come as a surprise, but it also failed to prevent the
upregulation of iNOS-induced.
Conclusion

Owing to the paucity of research in the field (and in Irag specifically) on
the application of homogenization to evaluate the immunological status of
cryptosporidiosis, this technique offers a more precise evaluation of the
intestinal infection site and also tracks the proliferation of CD4+ T-cells in
the spleen. Thl, Th2, and Th17 cytokines have comparable effects on the
iImmune response during an infection, which allows us to use them as a
foundation for more in-depth research in this area.
References
1- Karpe, A. V., Hutton, M. L., Mileto, S. J., James, M. L., Evans, C., Shah,
R. M., Ghodke, A. B., Hillyer, K. E., Metcalfe, S. S., Liu, J. W., Walsh, T.,
Lyras, D., Palombo, E. A., & Beale, D. J. (2021). Cryptosporidiosis
Modulates the Gut Microbiome and Metabolism in a Murine Infection
Model. Metabolites, 11(6), 380. https://doi.org/10.3390/metabo11060380
2- Leav, B. A., Mackay, M., & Ward, H. D. (2003). Cryptosporidium
species: new insights and old challenges. Clinical infectious diseases : an
official publication of the Infectious Diseases Society of America, 36(7),
903-908. https://doi.org/10.1086/368194
3- Chen, X. M., Keithly, J. S., Paya, C. V., & LaRusso, N. F. (2002).
Cryptosporidiosis. The New England journal of medicine, 346(22), 1723—
1731. https://doi.org/10.1056/NEJMra013170
4- Huang, D. B., & White, A. C. (2006). An updated review on
Cryptosporidium and Giardia. Gastroenterology clinics of North America,
35(2), 291-viii. https://doi.org/10.1016/j.9tc.2006.03.006
5- Magalhaes, J. G., Tattoli, I., & Girardin, S. E. (2007). The intestinal
epithelial barrier: how to distinguish between the microbial flora and
pathogens. Seminars in immunology, 19(2), 106-115.
https://doi.org/10.1016/}.smim.2006.12.006
6- Tessema, T. S., Schwamb, B., Lochner, M., Forster, 1., Jakobi, V., &
Petry, F. (2009). Dynamics of gut mucosal and systemic Th1/Th2 cytokine

April (2025) {lwes el B r A Gl Ol
24


https://doi.org/10.3390/metabo11060380
https://doi.org/10.1086/368194
https://doi.org/10.1056/NEJMra013170
https://doi.org/10.1016/j.gtc.2006.03.006
https://doi.org/10.1016/j.smim.2006.12.006

FOURI NS { Jp PR | % LR =V
ret i) sl — rcsalasi a5 i

Journal of the College of Basic Education Vol.31 (NO. 130) 2025, pp. 19-27

responses in interferon-gamma and interleukin-12p40 knockout mice during
primary and challenge Cryptosporidium parvum infection. Immunobiology,
214(6), 454-466. https://doi.org/10.1016/].imbi0.2008.11.015

7- Ehigiator, H. N., Romagnoli, P., Borgelt, K., Fernandez, M., McNair, N.,
Secor, W. E., & Mead, J. R. (2005). Mucosal cytokine and antigen-specific
responses to Cryptosporidium parvum in IL-12p40 KO mice. Parasite
immunology, 27(1-2), 17-28. https://doi.org/10.1111/].1365-
3024.2005.00736.x

8- Aliyu, M., Zohora, F. & Saboor-Yaraghi, AA.(2021). Spleen in innate
and adaptive immunity regulation. AIMS Allergy and Immunology, 5(1): 1-
17. doi: 10.3934/Allergy.2021001

9- Zhao, G. H., Fang, Y. Q., Ryan, U., Guo, Y. X., Wu, F., Du, S. Z., Chen,
D. K., & Lin, Q. (2016). Dynamics of Th17 associating cytokines in
Cryptosporidium parvum-infected mice. Parasitology research, 115(2), 879—
887. https://doi.org/10.1007/s00436-015-4831-2

10- Saraiva, M., & O'Garra, A. (2010). The regulation of IL-10 production
by immune cells. Nature reviews. Immunology, 10(3), 170-181.
https://doi.org/10.1038/nri2711

11- Current, W. L., Reese, N. C., Ernst, J. V., Bailey, W. S., Heyman, M. B.,
& Weinstein, W. M. (1983). Human cryptosporidiosis in immunocompetent
and immunodeficient persons. Studies of an outbreak and experimental
transmission. The New England journal of medicine, 308(21), 1252-1257.
https://doi.org/10.1056/NEJM198305263082102

12- Suresh, P., & Rehg, J. E. (1996). Comparative evaluation of several
techniques for purification of Cryptosporidium parvum oocysts from rat
feces. Journal of clinical microbiology, 34(1), 38-40.
https://doi.org/10.1128/jcm.34.1.38-40.1996

13- Zierdt W. S. (1984). Concentration and identification of Cryptosporidium
sp. by use of a parasite concentrator. Journal of clinical microbiology, 20(5),
860-861. https://doi.org/10.1128/jcm.20.5.860-861.1984

14- Costa, L. B., JohnBull, E. A., Reeves, J. T., Sevilleja, J. E., Freire, R. S.,
Hoffman, P. S., Lima, A. A., Oria, R. B., Roche, J. K., Guerrant, R. L., &
Warren, C. A. (2011). Cryptosporidium-malnutrition interactions: mucosal
disruption, cytokines, and TLR signaling in a weaned murine model. The
Journal of parasitology, 97(6), 1113-1120. https://doi.org/10.1645/GE-
2848.1

April (2025) {lwes el B r A Gl Ol
25


https://doi.org/10.1016/j.imbio.2008.11.015
https://doi.org/10.1111/j.1365-3024.2005.00736.x
https://doi.org/10.1111/j.1365-3024.2005.00736.x
https://doi.org/10.1007/s00436-015-4831-2
https://doi.org/10.1038/nri2711
https://doi.org/10.1056/NEJM198305263082102
https://doi.org/10.1128/jcm.34.1.38-40.1996
https://doi.org/10.1128/jcm.20.5.860-861.1984
https://doi.org/10.1645/GE-2848.1
https://doi.org/10.1645/GE-2848.1

FOURI NS { Jp PR | % LR =V
ret i) sl — rcsalasi a5 i

Journal of the College of Basic Education Vol.31 (NO. 130) 2025, pp. 19-27

15- Tzipori, S., & Widmer, G. (2008). A hundred-year retrospective on
cryptosporidiosis. Trends in parasitology, 24(4), 184-189.
https://doi.org/10.1016/].pt.2008.01.002

16- He, W., Li, J., Gong, A. Y., Deng, S., Li, M., Wang, Y., Mathy, N. W.,
Feng, Y., Xiao, L., & Chen, X. M. (2021). Cryptosporidial Infection
Suppresses Intestinal Epithelial Cell MAPK Signaling Impairing Host Anti-
Parasitic Defense. Microorganisms, 9(1), 151.
https://doi.org/10.3390/microorganisms9010151

17- lyer, S. S., & Cheng, G. (2012). Role of interleukin 10 transcriptional
regulation in inflammation and autoimmune disease. Critical reviews in
immunology, 32(1), 23-63. https://doi.org/10.1615/critrevimmunol.v32.i1.30
18- Wills-Karp, M., Nathan, A., Page, K., & Karp, C. L. (2010). New
insights into innate immune mechanisms underlying allergenicity. Mucosal
immunology, 3(2), 104-110. https://doi.org/10.1038/mi.2009.138

19- Theodos C. M. (1998). Innate and cell-mediated immune responses to
Cryptosporidium parvum. Advances in parasitology, 40, 87-119.
https://doi.org/10.1016/s0065-308x(08)60118-9

20- Riggs M. W. (2002). Recent advances in cryptosporidiosis: the immune
response. Microbes and infection, 4(10), 1067—-1080.
https://doi.org/10.1016/s1286-4579(02)01631-3

21- Shrivastava, A. K., Kumar, S., Smith, W. A., & Sahu, P. S. (2017).
Reuvisiting the global problem of cryptosporidiosis and recommendations.
Tropical parasitology, 7(1), 8-17. https://doi.org/10.4103/2229-5070.202290
22- Gerace, E., Lo Presti, V. D. M., & Biondo, C. (2019). Cryptosporidium
Infection: Epidemiology, Pathogenesis, and Differential Diagnosis. European
journal of microbiology & immunology, 9(4), 119-123.
https://doi.org/10.1556/1886.2019.00019

23- Chen, H., Huang, N., Li, J., Sun, J., Shi, L., Zhang, C., Zhao, Y., Kong,
G., & Li, Z. (2021). Immune suppression reversal of the spleen: a promising
strategy for improving the survival rate of sepsis in rats. American journal of
translational research, 13(8), 9005-9014.

24- Lacroix, S., Mancassola, R., Naciri, M., & Laurent, F. (2001).
Cryptosporidium parvum-specific mucosal immune response in C57BL/6
neonatal and gamma interferon-deficient mice: role of tumor necrosis factor
alpha in protection. Infection and immunity, 69(3), 1635-1642.
https://doi.org/10.1128/1A1.69.3.1635-1642.2001

25- Robinson, P., Okhuysen, P. C., Chappell, C. L., Lewis, D. E., Shahab, 1.,
Lahoti, S., & White, A. C., Jr (2001). Expression of IL-15 and IL-4 in IFN-

April (2025) {lwes el B r A Gl Ol
26


https://doi.org/10.1016/j.pt.2008.01.002
https://doi.org/10.3390/microorganisms9010151
https://doi.org/10.1615/critrevimmunol.v32.i1.30
https://doi.org/10.1038/mi.2009.138
https://doi.org/10.1016/s0065-308x(08)60118-9
https://doi.org/10.1016/s1286-4579(02)01631-3
https://doi.org/10.4103/2229-5070.202290
https://doi.org/10.1556/1886.2019.00019
https://doi.org/10.1128/IAI.69.3.1635-1642.2001

FOURI NS { Jp PR | % LR =V
ret i) sl — rcsalasi a5 i

Journal of the College of Basic Education Vol.31 (NO. 130) 2025, pp. 19-27

gamma-independent control of experimental human Cryptosporidium parvum
infection. Cytokine, 15(1), 39-46. https://doi.org/10.1006/cyt0.2001.0888
26- Wyatt, C. R., Brackett, E. J., Perryman, L. E., Rice-Ficht, A. C., Brown,
W. C., & O'Rourke, K. I. (1997). Activation of intestinal intraepithelial T
lymphocytes in calves infected with Cryptosporidium parvum. Infection and
Immunity, 65(1), 185-190. https://doi.org/10.1128/iai.65.1.185-190.1997
27- Lean, I. S., McDonald, S. A., Bajaj-Elliott, M., Pollok, R. C., Farthing,
M. J., & McDonald, V. (2003). Interleukin-4 and transforming growth factor
beta have opposing regulatory effects on gamma interferon-mediated
inhibition of Cryptosporidium parvum reproduction. Infection and immunity,
71(8), 4580-4585. https://doi.org/10.1128/1A1.71.8.4580-4585.2003

(PSR A NGO RO JERUN [ES AT SR 3 (IR =N 5= P Y SR B
Cryptosporidium spp. (dsilas ivbally Loy
Ol 5133 e
Gyl calary iy puaiiveal) daalall i) 4 il K ca lal) ansd
alinnazar.edbs@uomustansiriyah.edu.iq

sduanl) aldti

Lo LIS g cuadd) el Sy 0ol IR iy o Sa sy dadl) ElsN) g1 Lk
Cllainy) ge QAN s gw G ¥ ol pag ,pdully cililgal) e JS oA sladd) B gl
cale JSy Aandld) 191 213 O Oe a8 1 e | il AlaY) sie il Al Ciudaall Aelia)
O 5l Cndll QalBEY) ool Uian (1683 o) (San g Ausliall Blisl) (5 93 3181 ol LSID LAy o)) oSy
doliall ali (ug by ) Jia Aeliall Cinda (pa (ygilay (i) GalBEY) B i delial) Lali e
i Jakll Gailaia (& 10 - CSoAN) (s i (pall ) ddlad)l dalpall cday | Say/Ag
Al ALal) E1e) pla by dbaally ¢ g elasiall Al gy Lelie ddafiall sldasd) o) 4l
1446.93 SAN & 3 Lkl Llaadl do gaaall (A 10 - SN (5 gl gl ) qilill)
B R8RS Lady ¢ Jo/al & sSu 641.20 £ 40.42 3 obsd) A ganay A3l Jo/pl & 9<ut161.02
872.26 +46.20 & 3 diudll £1¥) Lk dbaally ¢ Jimlusially Lelia dbdal) 4o ganal)
Jdoa (hiienal) Gl Baild ddlal) Al jall gills 865 28 P >0.001 4diaial (s giway g Jo/al £ 98
A gal) deUial) cinia (g ¢ gilay Gl Sl B Add) 150 £ duladd due Liall 4l
10 — OS5 ¢ lmlaSoall ¢ Juadall (uilaia ¢ dapall &1 50Y1 el Jlih sdalidal) cilals])

April (2025) {lwes el B r A Gl Ol
27


https://doi.org/10.1006/cyto.2001.0888
https://doi.org/10.1128/iai.65.1.185-190.1997
https://doi.org/10.1128/IAI.71.8.4580-4585.2003
mailto:alinnazar.edbs@uomustansiriyah.edu.iq

