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Abstract | Hepatic coccidiosis caused by Eimeria stiedae leads to hepatic dysfunction and severe biliary hyperplasia 
in rabbits, and its treatment remains challenging due to drug resistance and concerns about chemical residues. 
Vaccination with sonicated antigens provides only partial protection, while selenium nanoparticles (Se-NPs), known 
for their antioxidant and immunomodulatory properties, may enhance antigen efficacy. This study aimed to evaluate 
whether green-synthesized Se-NPs, prepared from Na₂SeO₄ and an aqueous extract of clove (Syzygium aromaticum), 
can improve immune responses and mitigate hepatic histopathological damage following experimental infection in 
local rabbits. Characterization of Se-NPs revealed a mean particle size of 65.96 nm and a stable negative surface charge 
with a zeta potential of −28.40 mV. Immunological analysis showed that the Ag + Se-NPs group exhibited the highest 
IgG concentration (17.42 ± 1.07 µg/mL), followed by the positive control group (13.73 ± 0.87 µg/mL). Furthermore, 
adenosine deaminase (ADA) activity was significantly modulated in the Ag + Se-NPs group, decreasing to 761.14 ± 
25.64 pg/mL approaching levels observed in the negative control compared with peak activity in the positive control 
group (1552.01 ± 71.92 pg/mL). Histopathological examination demonstrated that the Ag- and Se-NPs-treated groups 
exhibited minimal bile duct hyperplasia, reduced epithelial desquamation, and markedly fewer parasitic developmental 
stages. In contrast, the positive control group showed severe ductal proliferation and granulomatous inflammation. 
In conclusion, Se-NPs act as an effective carrier for sonicated E. stiedae antigen, enhancing immune protection and 
reducing hepatic lesions. To the best of our knowledge, this is the first study to investigate the combined effects of 
Se-NPs and sonicated antigens on hepatic coccidiosis in local rabbit breeds, particularly with respect to ADA enzyme 
activity.
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INTRODUCTION

Eimeria stiedae-induced hepatic coccidiosis is a 
serious parasitic infection of the rabbit liver, which 

chiefly originates upon the bile-duct epithelium (Abd 
El-Ghany, 2020). It is associated with cholangitis, bile 

duct hyperplasia, hepatomegaly, and impaired growth, 
and is often fatal, posing a significant threat to rabbits’ 
health and productivity (Steffen et al., 2025). Typical 
gross lesions include a large, pale liver with nodules and a 
cream-white colour, and distended gallbladders; however, 
histopathological observations reveal distinctive bile-duct 
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ectasia and proliferation of epithelial cells with numerous 
parasitic stages (Al-Naimi et al., 2012; Hegazi et al., 2023).

The growing resistance to traditional anticoccidials, 
combined with concerns about chemical residues in 
meat, has led to efforts to develop alternative treatment 
approaches (Kadhim et al., 2018; Bharti et al., 2025).

There is a case of promising immunotherapeutic 
approaches that use nanoparticles to deliver antigens as 
antigen-delivery system immunotherapies, which have 
demonstrated elevated immunogenicity and reduced 
toxicity (Liu et al., 2019). Selenium nanoparticles (Se-
NPs) have strong antioxidant, immunomodulatory, and 
hepatoprotective effects (Ansari et al., 2024). Se-NPs can 
enhance antigen recognition, enhance immune activation, 
and reduce tissue destruction when used with specific 
antigens (Chen et al., 2022). They have been of growing 
interest due to their bioactivity and safety profile in the 
treatment of parasitic diseases (Sun et al., 2019; Metwally 
et al., 2022). 

Although the potential of individual constituents has been 
demonstrated, little research has examined the synergistic 
application of selenium nanoparticles (Se-NPs) and 
sonicated antigens for hepatic coccidiosis in local rabbit 
breeds, specifically regarding the activity of adenosine 
deaminase (ADA). In turn, the current study aimed to 
assess the synergistic in vivo biological activity of green-
synthesized selenium nanoparticles in combination with 
sonicated antigens, specifically by associating particular 
immune responses with histopathological modifications, 
providing a solid basis for further clinical trials.

MATERIALS AND METHODS

Sample collection
Twenty-eight rabbits were gathered from farms in 
Baghdad and local markets. E. stiedae oocysts were isolated 
and identified in the Parasitology Laboratory, University 
of Baghdad, College of Veterinary Medicine.

Synthesis of selenium nanoparticles
For the synthesis of selenium (Se) nanoparticles the 
reduction and stabilization agent was selected as clove 
(Syzygium aromaticum) extract due to the presence of a large 
amount of phenolic compounds and the proven antioxidant 
properties in accordance with the ability of a green synthesis 
of behaviour resembling the biological effect of selenium 
nanoparticles., 10g of Na2SeO4 powder was added to a flask 
containing 100 mL of an aqueous clove extract. The mixture 
was shaken in a digital orbital shaker (WiseShake® SHO-
2D) in the darkroom overnight. The mixture was centrifuged 
at 5000 rpm for 10 minutes. The precipitate from a solution 

containing all the selenium nanoparticles was washed with 
ethanol. The sample was centrifuged at 5000 rpm, and 5 
mL of deionized distilled water (DDW) was added. The 
solution was transferred to a glass Petri dish and incubated 
at 40 °C for 72 hours (Yaaqoob et al., 2022). The dark brown 
Se-NPs powder was stored in a dark container for further 
characterization and use.

Antigen quantification and immunization
The total protein concentration of the sonicated E. 
stiedae antigen was determined to be 20 mg/mL using an 
automated analyzer (Cobas e 411, Roche Diagnostics). 
For immunization, the antigen was diluted to a final 
working concentration of 2 mg/mL. Each rabbit received a 
subcutaneous injection of 1 mL of this preparation, delivering 
a total standardized protein dose of 2 mg per animal.

Experimental animals
Sixty local-breed male rabbits (16–20 weeks old; 1000-
1500 g) were sourced from the Baghdad markets and 
housed in the Animal House, College of Veterinary 
Medicine, University of Baghdad. Animals were fed fresh 
vegetables and had free access to water. The 60 rabbits were 
randomly allocated into six equal groups (n=10 per group). 
All rabbits were screened by fecal examination to confirm 
the absence of coccidian oocysts. Rabbits were acclimated 
for 14 days under controlled conditions. Animals were 
divided into six groups: G1 received subcutaneous 
sonicated antigen (Ag) at 1mg/ml combined with 0.1 ml/
kg intraperitoneal (IP) selenium nanoparticles (Se-NPs); 
G2 received subcutaneous Ag. After 14 days, both groups 
received booster doses according to the same immunization 
schedule, with G1 also receiving an additional IP Se-
NP booster dose. Groups (G3–G5) received 1ml PBS 
injections, while G6 served as the negative control. On day 
22, all groups except G6 were challenged orally with 10³ 
sporulated E. stiedae oocysts. Seven days post-infection, 
G3 was treated with 0.1 ml/kg Se-NPs IP, and the 
treatment was repeated after 10 days, whereas G4 received 
diclazuril orally at 2 mg/kg B.W, which was repeated after 
10 days (Allam et al., 2020). On day 38, oocyst shedding 
was monitored in G1–G5 at 3-day intervals for 16 days. 
There was adequate statistical power, as the sample size 
(n=10 per group) was determined according to the laid-
down procedures for immunological studies in rabbits. The 
doses of sonicated antigen (1 mg/ml) administered were 
based on prior dose-response experiments (Al-Taee and 
Al-Zubaidi, 2017) to achieve optimal immunogenicity 
without causing systemic toxicity.

Atomic force microscopy (AFM) 
The morphological and surface topographical characteristics 
of the synthesized Se-NPs were evaluated using an Atomic 
Force Microscopy (AFM) system (FlexAFM, model 
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C-3000, Nanosurf AG, Switzerland). This technique 
was employed to examine critical structural parameters, 
including particle size distribution, surface roughness, 
granularity index, and three-dimensional (3D) topography, 
providing a high-resolution map of the nanoparticle 
surfaces (Abdul-Hamead, 2020).

Energy dispersive X-ray (EDX) analysis
Elemental composition was determined using Energy 
Dispersive X-ray (EDX) analysis integrated with the SEM 
system. The EDX spectrum was recorded by focusing 
the electron beam on specific regions of interest within 
the nanomaterial, enabling selective analysis of particular 
structures or features by comparing distinctive peaks with 
reference patterns (Ashrafi-Saiedlou et al., 2025).

Zeta potential
The electrokinetic potential, commonly known as the zeta 
potential, was measured to quantify the electrical charge 
of the colloidal dispersions. Measurements were conducted 
using a Zeta Potential Analyzer (Zeta Plus, Brookhaven, 
USA) at the Ministry of Higher Education and Scientific 
Research. The analysis focused on determining the 
potential difference between the dispersion medium and 
the stationary fluid layer attached to the dispersed particles, 
specifically within the region bounded by the slipping 
plane.
Infection of animals
Sporulated (103) E. stiedae oocysts were administered orally 
to induce hepatic coccidiosis. Rabbits were monitored daily 
for clinical signs and general condition.

Treatment of animals
Treatments included sonicated antigen, selenium 
nanoparticles, the Se-NP–antigen, and the standard 
anticoccidial drug (diclazuril). Doses were administered 
according to the designed experimental schedule.

Immunological parameters
Serum IgG levels were quantified, and adenosine deaminase 
(ADA) activity was measured using appropriate ELISA 
kits (Sunlong Biotech Co., Ltd., Hangzhou, China; Cat. 
No: SL009Rb and SL0345Rb, respectively).

Histopathological examination
At day 55 post-challenge, rabbits were euthanised gently 
and sacrificed. Livers and gallbladders were examined for 
lesion scoring (hepatomegaly, nodules, congestion, bile duct 
thickening). Samples were fixed in 10% buffered formalin, 
processed, embedded in paraffin, sectioned (4–5 µm), and 
stained with Hand E. Lesion grading was performed 
according to established descriptions of E. stiedae pathology 
and subsequently analysed by light microscopy (Talab and 
Falih, 2026).

Statistical analysis
Analysis of data via Two-Way Analysis of Variance 
(ANOVA) in SPSS (version 26, 2019) was carried out. 
The model accounted for the effects of different treatment 
groups and time points (repeated measures) on the study 
parameters. The means were compared for significant 
differences using the Least Significant Difference (LSD) 
post hoc test. P-values < 0.05 were considered significant.

RESULTS

Characterization of nanoparticles
Atomic force microscope (AFM): The AFM analysis 
confirmed that most particles were nanoscale (<100 
nm), with a calculated mean particle size of 65.96 nm, 
as detailed in Table 1. Furthermore, the 3D topography 
(Figure 1) revealed a notably rough surface profile, which 
is characteristic of the synthesized Se-NPs.

Table 1: EDX spectrum of Selenium nanoparticles.
Element Atomic 

%
Atomic % 
Error

Weight 
%

Weight % 
Error

O 69.7 2.2 30.8 1.0
Se 30.3 1.3 69.2 3.0

Figure 1: A: Selenium granularity cumulation distribution 
chart (Histogram); B: AFM 3D image of Se-NPs 
nanoparticles.
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Figure 2: EDX spectrum of Se nanoparticles.

Energy-dispersive X-ray 
spectroscopy (EDX) analysis
The characteristic absorption peak of selenium is observed 
at 30 kV, and selenium accounts for the highest percentage 
of total elements, at a ratio of 69.2% (Table 2 and Figure 2).

Table 2: Dimensions of prepared Selenium nanoparticles.
Nanopar-
ticle

Average value 
(nm)

Minimum 
(nm)

Maximum 
(nm)

Se-NPs 65.96 5.86 306 

Zeta potential
Se-NPs green synthesized in the present study were 
confirmed to have a negative surface charge with a zeta 
potential value of -28.40 mV (Figure 3).

Immunoglobulin G (IgG)
IgG levels varied significantly among the groups (P < 
0.05), with a least significant difference (LSD) value of 
3.893. The Ag and Se-NPs group recorded the highest 
IgG concentration (17.42 ± 1.07 µg/mL), exceeding 
those of most other groups, indicating a substantial 
enhancement of antigen-specific humoral immunity when 
selenium nanoparticles were combined with the E. stiedae 
antigen. The Ag group also shows elevated IgG (15.65 ± 
0.62 µg/mL), but to a lesser extent than the IgG in the 
IgG group. Se-NPs (12.37 ± 0.57 µg/mL) and diclazuril 
(11.01 ± 0.41 µg/mL) produced significantly lower IgG 
responses, consistent with weaker immunostimulatory 
effects in the absence of antigenic priming. The positive 
control displayed a moderate IgG rise (13.73 ± 0.87 µg/
mL), whereas the negative control had the lowest baseline 
IgG (9.25 ± 0.62 µg/mL) (Figure 4A).

Adenosine deaminase (ADA)
ADA activity showed a distinct pattern across groups (P < 

0.05), with an LSD value of 208.62. The positive control 
exhibited the highest ADA value (1552.01 ± 71.92 pg/
mL), indicating intense cellular immune activation and 
inflammatory response to ongoing infection. Elevate 
ADA is also observed in Se-NPs (1368.36 ± 75.94 pg/
mL) and Ag groups (1272.67 ± 81.22 pg/mL), followed 
by diclazuril (1187.19 ± 60.43 pg/mL). In contrast, the Ag 
+ Se-NPs group shows markedly reduced ADA activity 
(761.14 ± 25.64 pg/mL), which was close to that of the 
negative control (674.35 ± 34.12 pg/mL) (Figure 4B).

Figure 3: Zeta potential of Se nanoparticles.
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Figure 4: Comparison between different groups of E. stiedae 
infection in: (A) Immunoglobulin G (IgG), (B) Adenosine 
Deaminase (ADA). Bars represent the mean ± SE. Different 
superscript letters (a, b, c) indicate statistically significant 
differences between groups at P < 0.05.

Gross lesions
Grossly, E. stiedae infection in the positive control group 
caused hepatomegaly, discolouration, and nodular lesions 
filled with caseous material, as well as distended, bile-filled 
gallbladders. In contrast, the Ag + Se-NPs group showed 
only mild congestion and no typical hepatic coccidial 
lesions, and the Ag and diclazuril groups showed partial 
protection. In contrast, Se-NPs alone conferred the least 
improvement, yet it was still evident relative to untreated 
infected rabbits (Figure 5).

Histopathological lesions
Histopathological evaluation clearly demonstrated that 
E. stiedae infection induced severe hepatic and gallbladder 
lesions, characterized by marked bile duct hyperplasia, 
periductal fibrosis, and dense inflammatory cell infiltration 
(Figures 6, 7). The combined administration of antigen and 
Se-NPs yielded the most pronounced protective effect, with 
the liver and gallbladder tissues appearing nearly normal 
(Figure 8). Immunization with the E. stiedae antigen 
resulted in partial protection, with reduced hepatobiliary 
changes and parasitic burden (Figure 9). Treatment with 
diclazuril also alleviated considerable pathology (Figure 

10). In contrast, treatment with selenium nanoparticles 
(Se-NPs) alone resulted in only a mild improvement, with 
a partial reduction in bile duct proliferation (Figure 11).

Figure 5: Gross morphological examination of liver and 
gallbladder across experimental groups: (A) Negative control 
showing normal reddish-brown color and sharp margins. 
(B) Positive control exhibiting severe hepatomegaly and 
disseminated “milk-spot” nodules. (C) The Ag and Se-NP-
treated group showed congested parenchyma with a smooth 
capsule and no nodules. (D) Sonicated antigen group 
showing mild enlargement and scattered small nodules 
(green arrow). (E) The diclazuril-treated group presented 
mild hepatomegaly and sparse white nodules (green arrow). 
(F) The Se-NPs group showed moderate hepatomegaly and 
discrete nodules (green arrow) with mild icterus.

DISCUSSION

The Se-NPs synthesis using sodium selenate (Na2SeO4) 
and clove (Syzygium aromaticum) extract exhibited a mean 
AFM size of ~66 nm. This result is consistent with that of Li 
et al. (2008), who reported Se nanoplatelets with an average 
diameter of approximately 60 nm. EDX is used to confirm 
that the reduction product is a nano selenium particle. 
Furthermore, analysis indicates that the main component 
of the reduction product is selenium, consistent with the 
findings of Saravanan et al. (2025). Zeta Potential results 
are consistent with those reported by Puri and Patil (2022), 
who found a value of -28.1 mV. Moreover, Vekariya et al. 
(2012) reported a zeta potential of -28.8 mV. Nevertheless, 
Sentkowska et al. (2025) demonstrated that the Se-NPs 
exhibit high stability, as confirmed by their negative zeta 
potential value of -29.4 mV.
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Figure 6: Histological section of the liver and gallbladder of rabbits of the negative control group: (A) Liver section 
shows normal parenchyma with a typical central vein (CV), hepatic cord (HC), bile duct (black arrow), and portal vein 
(blue arrow). (B) The gallbladder section shows an empty lumen (L) with normal wavy mucosal folds lined by simple 
columnar epithelium (black arrow). The wall architecture consists of normal submucosa (blue arrow), muscular layer 
(orange arrow), and serosa (green arrow). (H and E. 10,40X). 

In the present study, co-administration of E. stiedae 
antigen with selenium nanoparticles (Ag + Se-NPs) was 
associated with a marked increase in serum IgG, alongside 
a reduction in ADA activity compared with infected 
positive controls. This pattern suggests that Se-NPs act as 
adjuvants that amplify antigen-specific humoral immunity 
while tempering excessive cell-mediated inflammatory 
responses, indicating a dual immunomodulatory and 
protective role.

Eimeria stiedae experimental infections have demonstrated 
that parasite-specific IgG is already detected 4 days after 

infection and reaches high levels over the course of the 
following weeks, with much higher levels being observed 
between 2 and 4 weeks of exposure (Cam et al., 2008; Al-
Taee and Al-Zubaidi, 2017; Hegazi et al., 2023). Other 
Eimeria vaccines have reported similar IgG kinetics in 
rabbits, in which immunisation results in both persistent 
increases in specific IgG, which correlate with a reduction in 
oocyst output and an amelioration of liver lesions (Awade et 
al., 2019). Thus, the enhanced IgG response in the Ag + Se-
NP group is consistent with effective priming of the adaptive 
immune response. It likely contributes to improving clinical 
and parasitological outcomes observed in our experiment.
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Figure 7: Histopathological section of the liver and gallbladder of the positive control group: (A) Liver section shows 
dilated bile ducts and epithelial hyperplasia with papillary projections (black arrows) toward the lumen (L), characterized 
by necrotic and desquamative lining with developmental stages of E. stiedae (E). Extensive periductal fibrosis with 
mononuclear cell infiltration (F) and severe hepatocyte necrosis (green arrow) are evident. (B) High magnification 
reveals numerous stages embedded in the epithelium: macrogametes (green arrowhead), microgametes (blue arrowhead), 
and oocysts (black arrowhead). (C) The gallbladder section shows a highly dilated lumen (L) with flattened epithelium, 
containing a large number of oocysts (black arrow). (H and E, 10X, 40X).

Adenosine deaminase levels increased significantly above 
baseline post-infection. A report in goats infected with 
Eimeria arloingi noted that ADA activity increased from 
near-normal baseline levels on day 0 to peak levels by day 
7–14 post-infection, and it remained low in uninfected 
controls (Tadayon et al., 2016). By analogy, rabbits with 
hepatic coccidiosis are likely to show elevated serum 
ADA levels as the infection progresses, and this rise in 
ADA correlates with the onset of robust cell-mediated 
immunity to Eimeria (Asherson and Rose, 1963). Elevated 
ADA levels have also been reported in experimental 
toxoplasmosis models, in which T. gondii infection 

significantly upregulates its activity in T lymphocytes 
and brain tissues, reflecting an intense Th1-type cellular 
response (Tonin et al., 2013). Conversely, some protozoal 
infections, such as bovine cryptosporidiosis, have been 
associated with decreased serum ADA, underscoring 
that a modulation is pathogen- and host-dependent but 
generally mirrors the intensity and quality of the cellular 
immune response (Yarim et al., 2016). Beyond protozoa, 
it is increasingly used as a nonspecific inflammatory 
and immunological biomarker across domestic species, 
with well-characterized reference values in cattle, small 
ruminants, dogs and horses (Contreras-Aguilar et al., 2020). 
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Figure 8: Histopathological section of the liver and gallbladder of the Se-NPs and antigen group: (A) Liver section 
showing a localized, dense lymphocytic aggregate between hepatic plates (black arrow) associated with mild 
hepatocellular degeneration. Most hepatocytes remain intact, while adjacent cells exhibit cytoplasmic granularity (blue 
arrow) and mild sinusoidal dilatation. (B) Liver section showing preserved lobular architecture with well-defined foci of 
lymphocytic inflammation and mild hepatocellular swelling (black arrow). Sinusoids are mildly congested (blue arrow), 
consistent with mild focal hepatitis and early immune activation. (C) Gallbladder section showing mild villous oedema 
and elongation of mucosal folds (black arrow) with mild epithelial hyperplasia. The lamina propria is expanded with 
lymphocytic infiltration (blue arrow), alongside focal irregularity of the apical border. (H and E, 10X, 40X).
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Figure 9: Histopathological section of the liver and gallbladder of the antigen group: (A) Liver section shows mild 
enlargement of the bile duct (BD) and mild epithelial hyperplasia with papillary projections (black arrow) containing 
few developmental stages of E. stiedae. Note the multifocal periductal fibrosis with mononuclear cell infiltration (blue 
arrow), bile duct hyperplasia (green arrow), and mild to moderate hepatocellular necrosis (N). (B) High magnification 
reveals a few developmental stages: macrogametes (green arrowhead), microgametes (blue arrowhead), and oocysts 
(black arrowhead) associated with mononuclear infiltration. (C) The gallbladder section shows a mildly dilated lumen 
(L) containing a few oocysts (black arrows) with mononuclear cell infiltration (blue arrow). (H and E, 10X, 40X).

To date, no prior reports specifically quantifying ADA 
activity in rabbits with hepatic coccidiosis, suggesting that 
the present work provides the first baseline description of 
ADA dynamics in this host–parasite system.
 
The gross findings are pathognomonic of hepatic coccidiosis 
and align with previous literature, which consistently 
associates the infection with biliary hyperplasia and 

nodular hepatic lesions (Sivajothi et al., 2016; Hegazi et 
al., 2023).

In this study, liver and gallbladder histopathological 
sections from negative control rabbits show normal 
findings, with hepatocytes arranged in regular cords around 
a central vein, intact sinusoids, and unaltered bile ducts 
and gallbladder mucosa. These findings are consistent with 
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previous descriptions of normal rabbit liver (Nadia et al., 
2012; Rafid et al., 2015; Sorour et al., 2018). In contrast, 
untreated infected rabbits exhibited hepatic coccidial 
lesions (marked bile duct hyperplasia with papilliform 
epithelial projections containing multiple schizonts, 
gamonts, and oocysts, accompanied by dense periportal 
mononuclear infiltrates, hepatocellular degeneration/

necrosis, and inflammatory thickening of the gallbladder 
mucosa). These alterations are consistent with lesions in 
naturally and experimentally infected rabbits, in which 
bile duct epithelial hyperplasia, portal inflammation, and 
hepatocellular necrosis are the typical features of E. stiedae 
infection. This aligns with the findings of Athanasiou et al. 
(2023) and Steffen et al. (2025). 

Figure 10: Histopathological section of the liver and gallbladder of the diclazuril-treated group: (A) Liver section 
shows mild bile duct enlargement with mild-to-moderate epithelial hyperplasia and papillary projections (black arrow) 
containing moderate developmental stages of E. stiedae (E). Note the multifocal periductal fibrosis with mononuclear 
cell infiltration (blue arrows), newly formed bile ducts (green arrow), and mild-to-moderate hepatocellular necrosis. (B) 
High magnification reveals moderate numbers of macrogametes (green arrowhead), microgametes (blue arrowhead), and 
oocysts (black arrowhead) associated with mild periductal fibrosis (blue arrow). (C) Gallbladder section shows a mildly 
dilated lumen (L) with flattened epithelium, containing a moderate number of oocysts (black arrow) and mononuclear 
cell infiltration (blue arrow). (H and E, 10X, 40X).



      Journal of Animal Health and Production

September 2026 | Volume 14 | Issue 3 | Page 1227

Figure 11: Histopathological section of the liver and gallbladder of the Se-NPs-treated group: (A) Liver section shows 
moderate enlargement of the bile duct (BD) with moderate-to-marked epithelial hyperplasia and papillary projections 
(black arrow). There is moderate-to-marked multifocal periductal fibrosis associated with mononuclear cell infiltration 
(blue arrow), newly formed bile ducts (green arrow), and moderate hepatocellular necrosis (N). (B) High magnification 
reveals moderate numbers of various developmental stages (E), including macrogametes (green arrowhead), microgametes 
(blue arrowhead), and oocysts (black arrowhead). (C) The gallbladder section shows a mildly dilated lumen (L) with 
flattened epithelium, containing a moderate number of oocysts (black arrows). (H and E, 10X, 40X).

A combination of antigen and Se-NPs brought the 
most significant histological protection in the treatment 
groups. The liver parenchyma and bile ducts were 
relatively unchanged, with slight bile duct hyperplasia, 
sparse oocyst occurrences, low levels of inflammatory 
infiltration, and a regular architecture of the gallbladder, 
indicating a synergistic immunoprotective effect of the 
complex of antigen-selenium nanoparticles. Similar 

hepatoprotective and lesion-reducing properties of the 
nano-selenium-based preparations have been described 
in drug coccidiosis disease and other toxin- or infection-
related liver diseases (Metwally et al., 2022; Abdel-Gaber 
et al., 2023). Antigen provided moderate protection, with 
reduced but still evident bile duct proliferation, residual 
oocysts/gametocytes, and milder hepatocellular changes, 
in line with earlier work showing partial but incomplete 
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histological improvement with antigen immunisation, as 
reported by Xiao et al. (2022) and Deng et al. (2024).  The 
treatment with diclazuril resulted in a significant regression 
of the hyperplasia of the bile-duct, reduced the number of 
oocysts, and improved the hepatic architecture, which is 
consistent with earlier studies that diclazuril significantly 
improves hepatic lesion (Allam et al., 2020). Selenium 
nanoparticles administered have provided intermediate 
protection: bile-duct and gallbladder lesions were reduced 
but not completely repaired, with moderate hyperplasia, 
reduced parasitic stages, and partial parenchymal recovery; 
this finding is in line with literature that shows that Se-
NPs have natural antioxidant and tissue-protectant effects, 
but are less effective than antigen-targeted immunization 
prevention measures when used alone (Abdel-Gaber 
et al., 2023). Despite the current study supporting the 
therapeutic relevance of the Ag + -Se -NP complex, there 
are some limitations to consider. To start with, it was an 
experimental cohort comprising only male local rabbits 
of a single age, which limits the extrapolation of the 
results to other breeds or to females. Secondly, transient 
protective effects were observed, but long-term safety and 
the potential for tissue accretion of Se-NPs should also be 
fully evaluated. Further research ought thus to involve a 
comprehensive characterization of immune cell phenotype 
and the evaluation of the antigen protective ability across 
different strains of the Eimeria species.

CONCLUSIONS

To sum up, the use of green-synthesized selenium 
nanoparticles (Se-NPs) as an immunomodulatory vehicle 
of antigens of Eimeria stiedae was demonstrated. A 
composite-based formulation significantly outperforms 
individual therapies and traditional diagnostic methods, 
such as diclazuril, in reducing hepatic lesions and enhancing 
humoral immunity. Therefore, these findings suggest that 
the Ag–Se-NP construct represents a promising strategy 
for the future development of vaccines against rabbit 
coccidiosis.
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