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Abstract: 
 Background: Staphylococcus aureus (S. aureus) stands as a prominent contributor to infections 
and fatalities on a global scale. Antibiotic resistance added a layer of complexity to the management 
of S. aureus infections. Presently, there is no viable vaccination option. Probiotics have been 
identified as possible agents that can help overcome antibiotic resistance. Aim: In the current study 
aimed to investigate the histological changes in organs such as the kidney and spleen in male rats 
after infection with 10 μL S. aureus (1.0 × 107 CFU/mL) intraperitoneally and treated with a daily 
dose of 1 ml of (floratil) yeast suspension, daily oral dose of (1 ml) of probiotic colloid for 7 days, 
and compared with the group inoculated intraperitoneally injections of 1 mL of an antibiotic 
suspension (linezolid tablets) for 7 days. Results: the animals treated with probiotics showed more 
significant histopathological alterations and recovery as compared to antibiotics-treated groups in 
response to restoring renal and splenic tissue from the histological effects caused by bacterial 
infection; this study shows the protective effects of antibiotics, probiotics, and yeasts in maintaining 
kidney and spleen tissue structures after S. aureus infection histologically and to compare between 
them. Conclusion: this study investigated the protective effects of probiotics on renal and splenic 
tissues against Staphylococcus aureus to the extent that they are more effective than antibiotics in 
recovery of histological damage. 
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Introduction: 
    Staphylococcus aureus, a prevalent pathogenic bacterium, significantly contributes to global 
morbidity and mortality. This microorganism has the potential to inducer various illnesses, including 
moderately severe skin infections, as well as deadly pneumonia and sepsis [1,2,3]. The bacteria can 
also be obtained from animals, particularly in the cattle industry [4,5]. Staphylococcus aureus causes 
feline otitis, especially during the colder months [6]. Additionally, these bacteria are responsible for 
severe animal ailments, such as suppurative disease, arthritis, mastitis, and urinary tract infections 
[7] due to virulence factors like extracellular toxins and enzyme secretion [8]. Though there has been 
consistent interest in the virulence of S. aureus since its recognition as a significant pathogen in the 
late nineteenth century, recent discoveries have intensified research endeavors aimed at 
comprehending the mechanisms underlying S. aureus virulence [9]. 
     A staphylococcal infection's success is influenced by its ability to escape host defenses [10]. To 
achieve this, the bacterium exits the bloodstream with a formidable concentration of humoral and 
cellular mechanisms of immune defenses and infiltrating organs and tissues, thereby giving rise to 
encapsulated abscesses [1]. The organs and tissues invasion by these bacteria through the circulatory 
system necessitates not only immune evasion only; but also relies on adhesion and various structural 
mechanisms [11]. Surface-anchored proteins from the family of microbial surface components 
recognizing adhesive matrix molecules can play a crucial role in facilitating different aspects of these 
processes [12]. 

      Staphylococcus aureus evades innate immune defenses during the early stages of infection, but 
its interaction with the acquired immune system becomes crucial after 1-2 weeks post-infection [13]. 
Also, resistance to antibiotics by these microorganisms can lead to therapeutic failure, higher medical 
costs, and mortality in humans and animals [14,15]. Most chemical drugs cause nephrotoxicity 
through pathogenic effects such as tubular toxicity, crystal formation, inflammation, and glomerular 
hemodynamic changes [16]; renal damage occurs due to the antioxidant system [17]. Antibiotic 
resistance and the challenge of discovering a vaccine for S. aureus have led to a renewed focus on 
developing alternative therapeutic options for bacterial infections [18]. Alternatively, the probiotic 
strategies may also be explored as anti-virulence treatments against infections by S. aureus [19 ,20, 
21]. Probiotics are live bacteria that improve host health and function; adding beneficial bacteria to 
the diet can improve nutrient absorption, digestion, and the immune system, leading to better health 
and disease resistance [22]. Moreover, probiotics are recognized for enhancing and fortifying the 
immune system [23]. The current study aimed to investigate the histological alterations produced by 
staphylococcus aureus oxidative damage induced in kidney and spleen tissues and to compare the 
ameliorative effects of antibiotics and probiotics in these tissues.  

Materials and Methods:  
Ethical approval:  
The local ethics committee of the Veterinary Medicine College of Kerbala University 
(UOK.VET.MI.2022.054) accepted the study protocol, subject information, and consent form of 
patients for sample collection. 
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Staphylococcus aureus Isolation and Characterization:  
      Twenty bacterial isolates were obtained from Al-Hussein Medical City Hospital in Kerbala 
Province, were cultured on blood agar and mannitol salt agar, which is a particular media for these 
bacteria, and observed catalase production as well as Gram staining from various types of clinical 
regions, including wounds, pimples, skin infections, and urine [24,6]. 
Animal Design, Nutrition and Physical Conditions:  
 The experimental animals (N = 25) utilized in the current research were all of an age of eight weeks 
male white western rats weighing around (200-250g) that were obtained from a local animal house 
at the Veterinary Medicine College, University of Kerbala. The rats were housed in appropriate metal 
cages individually in a well-ventilated area under controlled room temperature, and a consistent 12-
hour light/12-hour dark cycle was maintained in the animal house at the college. Animals were free 
to consume tap water and food provided in water bottles. They underwent a two-week 
acclimatization period in the research environment before engaging in the current study to ensure 
their overall health. 

Experimental design:  
       The animals were segregated into five groups (n=5) each; with the initial group functioning as 
a negative control and receiving intraperitoneal injections of normal saline, the other four groups 
received i.p. injections of a challenge dose of bacterial suspension of 10 μL Staphylococcus aureus 
(1.0 × 107 CFU/mL) to establish an infection. After 48 hours, the second group received no therapy, 
whereas the third group received daily a dose of 1 ml of (floratil) yeast suspension (one sachet 100 
mg mixed with 100 mL of distal water) orally for 7 days. The fourth group was given orally a daily 
dose of 1 mL of vitalactic B probiotic colloid, one capsule containing 50 mg of Lactobacilli culture 
dissolved in 100 mL of distal water at 25⁰C (room temperature) for 7 days, the last group inoculated 
intraperitoneally injections of 1 mL of an antibiotic suspension (linezolid tablets) (one tablet 
containing 600 mg of linezolid dissolved in 100 mL of distal water at room temperature in a daily 
basis for 7 days. Upon completion of the experiment, rats from all groups of the current study 
underwent euthanasia via cervical dislocation, and visceral organs such as the kidney and spleen 
were collected for histopathological investigations. 
 

Histopathological Analysis:  
       After the animals were euthanized and dissected, the kidney and spleen were aseptically taken 
and immediately immersed in a 10% (v/v) neutral-buffered formalin solution for fixation. 
Histological portions were processed into graded alcohol series, clarified with Xylene, and 
embedded with paraffin and samples were cut into 4 mm thick sections [25]. The slides were stained 
using the hematoxylin-eosin routine method. Microscopical imaging with histological diagnosis and 
scoring was applied to all slides by a certified pathologist (from the   Department of   Pathology, 
Veterinary Medicine College, Kerbala University, Iraq) using an optical microscope with a specified 
digital camera (Optika, Germany). 

Results: 
A light microscope examination revealed a range of histological alterations for the main organs, 
kidney and spleen in the infected and treated animals, compared to the standard group. 
All kidney and spleen tissue sections evaluated from the control negative group showed regular 
histological features. As opposed to the challenge group, severe pathological alterations were 
observed: severe glomerular atrophy, severe tubular epithelial degeneration, manifested by star-
shaped lumen with severe peri glomerular and interstitial tissue polymorph nucleated inflammatory 
cells infiltration ( figure 1), significant white pulp liquefactive necrosis and splenic depletion, severe 
granulomatous inflammation in white pulp with remarkable inflammatory cells infiltration and 
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hemosiderosis in red pulp and sever megakaryocytes infiltration in red pulp(figure 2) Otherwise, 
treated groups showed noticeable improvements in the examined organs. 
Treatment with probiotics and antibiotics resulted in tissue damage recovery and regeneration of red 
pulp, transparent red and white pulp regions, and marginal zones in the group treated with the 
antibiotic (Figure 3). Still, internal damage was not noticeable as the white pulp increased, and the 
peripheral zone was noted. Following probiotic treatment, WBC infiltration was also slightly 
observed in the red pulp region (Figure 4). The histological alterations in the animals treated with 
yeast were less significant (figure 5). 
 

 
Figure (1): Photomicrograph of renal tissue section for a challenge group animal reveals remarkable 
histopathological changes, significant glomerular atrophy (white arrow), severe tubular epithelial degeneration, 
manifested by a star-shaped lumen (black arrow) with considerable infiltration of interstitial inflammatory cells, 
(highlighted by yellow arrow). (H&E stain, 10X magnification).   

 
Figure (2): Photomicrograph of spleen for a challenge group animal showing severe histopathological alterations, 
significant white pulp liquefactive necrosis and splenic depletion (white arrow), severe granulomatous 
inflammation in white pulp (indicated by black arrow) with remarkable inflammatory cells infiltration in red 
pulp (showed in yellow arrow). (H and E,10 X).   
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Figure (3): Photomicrograph of spleen for Antibiotic animal showing significant reverse histological alterations, 
significant lymphoid follicle with central arteriole with mild lymphocytic hyperplasia (white arrow), less 
hemosiderosis in the red pulp (black arrow) with slight infiltration of inflammatory cells in the red pulp (indicated 
yellow arrow). (H and E,10 X).   

 
Figure (4): Photomicrograph of the spleen of the animal treated with Probiotics after infection with S. aureus, 
showing follicular hyperplasia (referred to by black arrow) with mild hemosiderosis (yellow arrow) and slight 
infiltration of inflammatory cells in the red pulp (revealed in white arrow). (H and E,10 X).   

 
Figure (5): Photomicrograph of the spleen of a treated animal with yeast, showing significant follicular 
hyperplasia (black arrow) with mild hemosiderosis (yellow arrow) and white pulp necrosis (white arrow). (H 
and E,10 X).   
     The morphology of the renal epithelial cells was restored. Still, the renal glomeruli remained 
reversed to normal with considerable tubular vacuolation in the probiotics (Figure 6), yeast-treated 
groups (Figure 7), the cortex and medulla were visible and intact compared to the challenged 
group; however, the Antibiotic group is identical to that of the regular group (Figure 8). 
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Figure (6): Photomicrograph of kidney section of a male rat treated with Probiotics for a one-week post-infection with 
S. aureus reveals slight reversible alterations, some normal glomerular histology (black arrow), less others are 
atrophied (yellow arrow), renal tubular degeneration (red arrow), slight infiltration of inflammatory cells interstitially 
(indicated by white arrow). (H and E,10 X). 

 
Figure (7): Photomicrograph of kidney section of a male rat treated with yeast after experimental infection with 
S. aureus reveals slight reversible alterations, represented by normal glomerular histology (black arrow), renal 
tubular epithelial degeneration manifested by lumen with star-shaped lumen (red arrow), slight interstitial 
infiltration of inflammatory cells (marked by yellow arrow). (H and E,10 X). 

 
Figure (8): Photomicrograph of renal tissue section for an antibiotic-treated group animal showing marked 
reversible changes, close to normal glomeruli (black arrow), mild tubular epithelial degeneration (yellow arrow). 
(H and E,10 X). 

Discussion: 
         The findings of the current investigation unveiled notable pathological alterations characterized 
by pronounced suppurative inflammation observed under microscopic examination; the affected 
organs in the S. aureus-challenged group exhibited a substantial presence of polymorphonuclear 
leukocytes (PMNs), predominantly neutrophils, confirming agreement of this observation with other 
researchers, who shown that, Infections caused by S. aureus often manifest as acute pyogenic 
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conditions, spreading to adjacent deeper tissues and giving rise to multiple abscesses and 
pyogranulomas; accompanied by extensive suppurative inflammation [26,27]. 
       Polymorphonuclear leukocytes (PMNs), particularly neutrophils, were considered the primary 
cellular defense against MRSA infections [28]. As a result of tissue injury, circulating (PMNs) exited 
the vascular system and reached the infection site; this was supported by a study by Kolaczkowska 
and Kubes [26].  Septicemia and endotoxemia caused severe blood vessel constrictions and organ 
degeneration, demonstrating that S. aureus cell wall-derived protein A hemolysins played a role in 
inducing the biosynthesis of inflammatory cytokines by macrophages and/or monocytes [29]. So, 
that explained the correlations with our findings.  
       Degeneration was observed in the kidney and spleen of challenge group animals, most likely 
due to the cytotoxicity induced by S. aureus compounds; these explanations agreed with the findings 
of [30], who examined the activity of the cytotoxicity of toxin generated by S. aureus as evidenced 
by histopathological abnormalities. Histopathology and tissue injury of the spleen were seen, 
including red and white pulp degradation, an expanded marginal zone, an increase in follicle count, 
and granulomatous inflammation, which were also mentioned in earlier studies [31]. Furthermore, 
animals given S. aureus developed focal hemorrhages between the white pulps, lymphoid depletion, 
and necrobiosis. Congestion in the blood arteries and sinusoids and localized hemosiderosis in the 
red pulps were also found; this indicates that the spleen has entered the acute phase of the illness, 
confirmed by [32], who concluded that the S. aureus causes increasing in the production of reactive 
oxygen species (cellular oxidative stress on tissue organs). Histopathology of the kidney of an S. 
aureus-infected rat revealed significant changes represented by marked pyelonephritis, and these 
alterations were agreed upon by [33]. 
      Nevertheless, in our study presentations, the oral administration of probiotics and intraperitoneal 
treatment with antibiotics revealed excellent therapeutic action in the kidney and spleen of S. aureus-
infected rats. Unfortunately, antibiotic treatment has led to the rise of drug-resistant bacterium types, 
making the disease challenging to cure [34]. Consequently, our evaluation involved two types of 
probiotic species: lactobacilli and yeast. Lactobacilli bacteria can produce various antimicrobial 
compounds, such as natural acids (acidic and lactic acids), hydrogen peroxide, carbon dioxide, 
diacetyl, ethanol, and peptides (bacteriocins); these compounds are valuable not only in the reduction 
of foodborne pathogens and bacterial damage during storage and consumption but also, offer broader 
utility [35]. Probiotics employ various methods to compete within the ecological niches, and these 
mechanisms bolster the host's resistance to pathogen colonization [36]. Bacteriocins are believed to 
be able to eliminate their targets while sparing the producer due to the presence of immunity proteins; 
however, numerous mechanisms resemble those found in contemporary antimicrobial agents [37]. 
In the current study, probiotics play a central role in helping to maintain the integrity of renal and 
splenic tissues, improving damaged tissue, and keeping healthy tissue, as indicated by previous 
studies [38]. The histopathological sections in groups of animals inoculated with antibiotics showed 
moderate tissue recovery, as reviewed in previous studies [39,40]. 

Conclusions: 
This study examined probiotics and antibiotics' capacity to ameliorate the histological injuries in the 
kidneys and spleens produced by staphylococcus aureus infection. Furthermore, it was investigated 
that probiotics have protective effects on renal and splenic tissues against Staphylococcus aureus to 
the extent that they are more effective than antibiotics in histological damage recovery. 
To enhance this approach, further clinical trials involving diverse organs and infection models are 
planned for the near future. 

Acknowledgments: 
The authors thank the Laboratory of Microbiology and Immunology/College of Veterinary 
Medicine/Kerbala University for their assistance in isolating and preparing bacterial strains. 

https://doi.org/10.59675/V332


 
 

17 
 Aca. Intl. J. Vet. Med. 2025;3(1)10-19: https://doi.org/10.59675/V332  

Additionally, we acknowledge the dedication of the Pathology staff in facilitating the experiment at 
the pathology laboratory, College of Veterinary Medicine/Kerbala University, and for their diligent 
efforts in processing samples and conducting the histopathology procedure. 

Conflict of interest: 
The authors declare that there is no conflict of interest. 

References:  
1. Cheung GYC, Bae JS, and Otto M. Pathogenicity and virulence of Staphylococcus 

aureus. Virulence, 2021;12(1):547-569, DOI: 10.1080/21505594.2021.1878688 
2. Lindsay JA, and Holden MT. Staphylococcus aureus: Superbug, super genome? rends 

Microbiol. 2004;12: 378–385.  
3. Schito GC. The importance of the development of antibiotic resistance in Staphylococcus 

aureus. Clin. Microbiol. Infect. 2006;12: S3-S8.  
4. Cuny C, and Wieler LH, Livestock-Associated WW. MRSA: the Impact on Humans. Antibiotics 

(Basel). 2015;4(4):521-543. 
5. Mrochen DM, de Oliveira FLM, Raafat D, Holtfreter S. Staphylococcus aureus host tropism 

and its implications for murine infection models. International journal of molecular sciences. 
2020; 2119:7061. 

6. Abbas LA, Rady AM. Isolation and molecular detection of Staphylococcus aureus from feline 
otitis in Baghdad. Iraqi Journal of Veterinary Sciences. 2023; 37(Supplement I-IV):141-146. 
doi: 10.33899/ijvs.2023.1375560.2696 

7. Weese JS. Methicillin-resistant Staphylococcus aureus in animals. ILAR J. 2010; 51: 233-244.  
8. Waldvogel FA, Mandell GL, Douglas RG, Bennett JE. Staphylococcus aureus. Principles and 

practices of infectious disease. 3rd Edn. 1990:1754-1777. 
9. DeLeo FR, Otto M, Kreiswirth BN. Community-associated meticillin-resistant Staphylococcus 

aureus. Lancet. 2010;375(9725):1557–1568. 
10. Howden BP, Giulieri SG, Fok W, and Lung T. Staphylococcus aureus host interactions and 

adaptation. Nat Rev Microbiol. 2023; 21:380–395. https://doi.org/10.1038/s41579-023-00852-
y 

11. Lister JL, Horswill AR. Staphylococcus aureus biofilms: recent developments in biofilm 
dispersal. Front. Cell Infect. Microbiol. 2014; 4:178. 

12. Foster TJ. The MSCRAMM Family of Cell-Wall-Anchored Surface Proteins of Gram-Positive 
Cocci. Trends Microbiol. 2019;27(11):927-941. 

13. Cho JS, Pietras EM, Garcia NC. IL17 is essential for host defense against cutaneous 
Staphylococcus aureus infection in mice. J Clin Invest. 2010;120(5):1762-1773.  

14. Vestergaard M, Frees D, Ingmer H. Antibiotic resistance and the MRSA problem. Microbiol 
Spectr. 2019;7(2):1-13. DOI: 10.1128/microbiolspec.GPP3-0057-2018 

15. Lakhundi S, Zhang K. Methicillin-resistant Staphylococcus aureus: Molecular characterization, 
evolution, and epidemiology. Clin. Microbiol. Rev. 2018; 31: e00020-18. 

16. Kim S, Moon A. Drug induced nephrotoxicity and its biomarkers. Biomol Ther. 
2012;20(3):268-272. DOI: 10.10.4062molther.20.3.268 

17. Abdullah AT, Ahmed MA. Ameliorative role of Arabic gum against nephrotoxicity induced by 
ciprofloxacin in rats. Iraqi Journal of Veterinary Sciences. 2021; 35(4): 789-798. doi: 
10.33899/ijvs.2020.127441.1503 

18. Dantes R, Mu Y, Belflower R, Aragon D, Dumyati G, Harrison LH, Lessa FC, ynfield R, Nadle 
J, Petit S, Ray SM, Schaffner W, Townes J, Fridkin S. Emerging infections program–active 
bacterial core surveillance MRSA, surveillance investigators national burden of invasive 
methicillin-resistant Staphylococcus aureus infections, United States, 2011. JAMA Intern Med. 
2013;173: 1970-1978 

https://doi.org/10.59675/V332
https://doi.org/10.1080/21505594.2021.1878688


 
 

18 
 Aca. Intl. J. Vet. Med. 2025;3(1)10-19: https://doi.org/10.59675/V332  

19. Piewngam P, Zheng Y, Nguyen TH. Pathogen elimination by probiotic Bacillus via signaling 
interference. Nature. 2018;562(7728):532-537. 

20. Dickey SW, Cheung GYC, Otto M. Different drugs for bad bugs: antivirulence strategies in the 
age of antibiotic resistance. Nat Rev Drug Discov. 2017;16(7):457-471. 

21. Rabetafika HN, Razafindralambo A, Ebenso B, Razafindralambo HL. Probiotics as Antibiotic 
Alternatives for Human and Animal Applications. Encyclopedia. 2023;3: 561-581. 
https://doi.org/10.3390/ encyclopedia3020040. 

22. Dawood MAO, Koshio S. Recent advances in the role of probiotics and prebiotics in carp 
aquaculture: A review. Aquaculture. 2016; 454:243-251. 

23. Palanivelu J, Thanigaivel S, Vickram S, Dey N, Mihaylova D, Desseva I. Probiotics in 
functional foods: Survival assessment and approaches for improved viability. Appl Sci. 
2022;12(1):455. DOI: 10.3390/app12010455 

24. Hassanen EI, Ragab E. In Vivo and In Vitro Assessments of the Antibacterial Potential of 
Chitosan-Silver Nanocomposite Against Methicillin-Resistant Staphylococcus aureus–Induced 
Infection in Rats. Biol Trace Elem Res. 2021; 199: 244-257 .https://doi.org/10.1007/s12011-
020-02143-6 

25. Al-Nuaimi AJ, Jabber EJ, Jawad MJ, Hassan MS, Jihad AJ, Al-Shuwaili AK. Effects of 
methotrexate on hepatic and testicular tissues in male rabbits: Histological, hormonal and 
biochemical analysis. Iraqi Journal of Veterinary Sciences. 2023; 37(Supplement I-IV): 211-
217. doi: 10.33899/ijvs.2023.138717.2828 

26. Kolaczkowska E, Kubes P. Neutrophil recruitment and function in health and inflammation. Nat 
Rev Immunol. 2013; 13:159-175.  

27. Thammavongsa V, Missiakas DM, Schneewind O. Staphylococcus aureus degrades neutrophil 
extracellular traps to promote immune cell death. Science. 2013 15; 342 (6160):863-6. doi: 
10.1126/science.1242255. PMID: 24233725; PMCID: PMC4026193. 

28. Cheng AG, Kim HK, Burts ML, Krausz T, Schneewind O, Missiakas DM. Genetic requirements 
for Staphylococcus aureus abscess formation and persistence in host tissues. FASEB J. 
2009;23(10):3393-404. doi: 10.1096/fj.09-135467.  

29. Sheehan AA, Khudor MH, Isihak FA. Some immunological responses in rats injected with 
prepared bacterin toxoid of local methicillin resistant Staphylococcus aureus. Iraqi Journal of 
Veterinary Sciences, 2022; 36(2): 401-406. doi: 10.33899/ijvs.2021.130401.1815 

30. Zghair ZR, Salema LH, Hana AK. Study Of Histopathological Effect of Staphylococcus aureus 
In Female Albino Mice. journal of Kerbala university. 2013; 9(1):85-94. 

31. Anita R, Neelima KR, Kaur Jaspreet. Therapeutic effect of propolis on Staphylococcus aureus 
induced oxidative stress in spleen of Balb/c mice: A biochemical and histopathological study. 
Indian Journal of Natural Products and Resources (IJNPR).2022; 13(3): 346-355. DOI: 
10.56042/ijnpr.v13i3.51887. 

32. Mohmmed E, Efkairin S, Abdraba I, Eldurssi I, Bofarda E. Histopathological changes in mice 
spleen induced by the toxicity of Staphylococcus aureus. 2023; 19:104-115. 

33. Al-Mathkhury HJ, Abdul-Ghaffar SN. Urinary tract infections caused by Staphylococcus aureus 
DNA in comparison to the candida albicans DNA. N Am J Med Sci. 2011 Dec;3(12):565-9. doi: 
10.4297/najms.2011.3562.  

34. Peng J, Lu Q, Yuan L, Zhang H. Synthetic Cationic Lipopeptide Can Effectively Treat Mouse 
Mastitis Caused by Staphylococcus aureus. Biomedicines. 2023;11:1188. 
https://doi.org/10.3390/biomedicines11041188 .  

35. Chifiriuc MC, Stecoza C, Dracea O, Larion C, Israil A. Antimicrobial activity of some new O-
acyloximino-dibenzo [b, e] thiepins and O-acyloximino-dibenzo [b, e] thiepin-5, 5-dioxides 
against planktonic cells. Biotechnol. Lett., 2010; 15(2):5134-5139. 

36. Paik W. Protection from Staphylococcus Aureus Bloodstream Infection by Probiotic 
Exopolysaccharide. Dissertations. 2019;3361. https://ecommons.luc.edu/luc_diss/3361 

https://doi.org/10.59675/V332
https://doi.org/10.3390/
https://doi.org/10.1007/s12011-020-02143-6
https://doi.org/10.1007/s12011-020-02143-6
https://doi.org/10.3390/biomedicines11041188
https://ecommons.luc.edu/luc_diss/3361


 
 

19 
 Aca. Intl. J. Vet. Med. 2025;3(1)10-19: https://doi.org/10.59675/V332  

37. Darbandi A, Asadi A, Ari MM, Ohadi E, Talebi M, Zadeh MH, Emamie AD, Ghanavati R, 
Kakanj M. Bacteriocins: Properties and potential use as antimicrobials. J Clin Lab Anal. 2022; 
36(1): e24093.doi: 10.1002/jcla.24093 

38. Ruiz M, Owatari M, Yamashita M, Ferrarezi J, Garcia P, Cardoso L, Martins M, Mouriño J. 
Histological effects on the kidney, spleen, and liver of Nile tilapia Oreochromis niloticus fed 
different concentrations of probiotic Lactobacillus plantarum. Tropical Animal Health and 
Production. 2020;52. 10.1007/s11250-019-02001-1. 

39. Bendjeddou K, Hamma-Faradji S, Meddour AA, Belguesmia Y, Cudennec B, Bendali F, Daube 
G, Taminiau B, Drider D. Gut microbiota, body weight and histopathological examinations in 
experimental infection by methicillin-resistant Staphylococcus aureus: antibiotic versus 
bacteriocin. Beneficial Microbes. 2021; 15;12(3):295-305. 

40. Saettone V, Biasato I, Radice E, Schiavone A, Bergero D, Meineri G. State-of-the-Art of the 
Nutritional Alternatives to the Use of Antibiotics in Humans and Monogastric Animals. 
Animals. 2020; 10: 2199. https://doi.org/10.3390/ani10122199.  
 

https://doi.org/10.59675/V332
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8761470/
https://doi.org/10.1002%2Fjcla.24093
https://doi.org/10.3390/ani10122199

	Histopathological Assessments on Kidney and Spleen of Experimentally Infected Male Rats by Staphylococcus aureus: Antibiotics versus Probiotics
	Abstract:
	Introduction:
	Staphylococcus aureus evades innate immune defenses during the early stages of infection, but its interaction with the acquired immune system becomes crucial after 1-2 weeks post-infection [13]. Also, resistance to antibiotics by these microorga...
	Materials and Methods:
	Ethical approval:
	The local ethics committee of the Veterinary Medicine College of Kerbala University (UOK.VET.MI.2022.054) accepted the study protocol, subject information, and consent form of patients for sample collection.
	Staphylococcus aureus Isolation and Characterization:
	Animal Design, Nutrition and Physical Conditions:
	Experimental design:

	Histopathological Analysis:
	Results:
	Discussion:
	Conclusions:
	This study examined probiotics and antibiotics' capacity to ameliorate the histological injuries in the kidneys and spleens produced by staphylococcus aureus infection. Furthermore, it was investigated that probiotics have protective effects on renal ...
	To enhance this approach, further clinical trials involving diverse organs and infection models are planned for the near future.
	Acknowledgments:
	The authors thank the Laboratory of Microbiology and Immunology/College of Veterinary Medicine/Kerbala University for their assistance in isolating and preparing bacterial strains. Additionally, we acknowledge the dedication of the Pathology staff in ...
	Conflict of interest:
	References:


