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			Abstract | Affinity purified fraction from Staphylococcus aureus (S. aureus) was extracted, characterized and evaluated for its potency in diagnosis of S. aureus mastitis through indirect Enzyme Linked Immunosorbent Assay (ELISA). For purification of fraction, bacterial fresh cultures were centrifuged at 3000 rpm / 20 min and were homogenate in phosphate buffer saline and centrifuged at 15000 rpm / 20 min that known as the crude antigen. It entered to affinity column chromatography [Cyanogen Bromide-Sepharose 4B (CNBr-Sepharose 4B)] (Sigma Chemical Co.), obtain the fraction. In brief, IgG of cows S. aureus positive sera were purified by precipitation with 50% ammonium sulphate followed by purification with Protein A Sepharose gel. The separated IgG was dialyzed for 3 days against a 0.1 M NaHCO3 buffer pH 8.3 with 0.5 M sodium chloride and 0.02 percent NaN3 before being linked to CNBr-Sepharose 4B swollen beads. Bound fraction was eluted with mixture of glycine (0.1 M) and sodium chloride (0.5 M) at pH (2.3). Purified antigens and unbound were inspected of protein concentration. In the crude antigen, there were two bands with molecular weights of 73 and 64 KDa, compared to ten bands with molecular weights ranging from 209 to 24 KDa. The isolated fraction showed diagnostic properties of S. aureus mastitis using indirect ELISA with 100% sensitivity and 95 % specificity. The fraction validity lasted for more than one year of storage at -20 ºC. The current study introduces effective way for S. aureus mastitis diagnosis through the using of purified fraction instead of the classical way.

			Keywords | Staphylococcus aureus, Affinity column chromatography, Antigen, SDS-PAGE, Indirect ELISA

		

		
			Received | June 13, 2022; Accepted | July 21, 2022; Published | August 13, 2022		

			*Correspondence | Ehab Fouad, Microbiology and Immunology Department, National Research Centre, Giza, Egypt; Email: ehabfoaud@gmail.com

			Citation | Fouad EA, Abd El-Razik KA, Abdel Rahman EA (2022). Diagnosis of Staphylococcus aureus infection in bovine mastitis using its affinity purified fraction. Adv. Anim. Vet. Sci. 10(9):1887-1893. 

			DOI | https://dx.doi.org/10.17582/journal.aavs/2022/10.9.1887.1893

			ISSN (Online) | 2307-8316

			[image: ]

			Copyright:  2022 by the authors. Licensee ResearchersLinks Ltd, England, UK.

			This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

		

		
			INTRODUCTION

			Mastitis is the mammary glands inflammation of dairy cattle which high prevalence worldwide (Abrahmsén et al., 2014). The disease causes economic losses due to alterations in milk quality, reduction in milk yield and increased costs of treatment which results in negative impact on the dairy industry (Kiku et al., 2017). Some scientists consider mastitis is the most challenging disease after foot and mouth disease in dairy animals (Sharma et al., 2007). The disease is caused by several bacterial species included Staphylococcus aureus which enters teat canal, colonizes, proliferates and secretes toxins that damage mammary gland cells (Bhosale et al., 2014; Rainard et al., 2020). Despite the importance of type 3 hypersensitivity, infection resulted in the production of several inter-leukeins (IL-17A, IL-17F, and IL-22) in milk and mammary glands (Rainard et al., 2021). The disease causes increase in somatic cell count, inflammatory cytokines levels, antibody production and bacterial count. Diagnosis of mastitis based mainly on counting milk inflammatory cells as macrophages, lymphocytes, neutrophils and eosinophils. California mastitis test is successfully used in diagnosis of the disease (Kandeel et al., 2018). The diagnosis also depends on measurement of milk electrical conductivity, enzyme activity as lactate dehydrogenase (LDH), N acetyl b D glucosaminidase (NAG-ase), determination of inflammatory cytokines concentrations and antibody titer, bacterial culturing, Polymerase chain reaction for pathogen detection, immune response and proteomics based detection (Lakshmi, 2015). Multiplex PCR is suitable in diagnosis of mastitis where it identifies several pathogens in the same time. But its main disadvantage is competition of PCR substances which resulted in little sensitivity (Amin et al., 2011). Mass spectrometry and two dimensional electrophoresis identify host proteins expressed in infected animals (Lippolis and Reinhardt, 2005; Smolenski et al., 2007). Detection of immune responses depends on specific antigen(s) and sensitive assay(s) for accurate diagnosis. 

			Staphylococcus aureus has many virulence factors as surface proteins that responsible for cell wall adhesion and secreted proteins obvious during infection (Foster et al., 2014). These exposed proteins are fundamental for survival and proliferation of S. aureus. Isolation and identification of these antigens are essential for its utilization in the diagnosis of mastitis. Among these antigens, microbial surface component recognizing adhesive matrix molecules (MSCRAMMs) is one of four classes of S. aureus surface proteins and are the largest class. These proteins were identified by structural and functional analyses (Foster et al., 2014). During S. aureus bovine mastitis, iron regulated surface determinant A (IsdA) had very important role for S. aureus such as: surface adhesion, iron sequestration, and expressed highly, conserved and immunogenic proprietary (Misra et al., 2017). S. aureus possess unique proteins which were identified as a number of thirty eight. Some of these proteins (8) were portended to be surface proteins and involved in virulence of S. aureus. Iron-regulated surface determinant protein C (IsdC) and ESAT-6 extracellular protein (EsxA) were considered as two surface proteins and their immune reactivity was confirmed by ELISA (Misra et al., 2018). Interestingly, both proteins are conserved in 37 bovine S. aureus isolates as proved by PCR and amino acid symmetry discovered that sequences of IsdC and EsxA are highly memorized (Misra et al., 2018).

			On the other hand, in acute or chronic mastitis, there are various immunoglobulins (IgG and IgM) secreted in blood and milk. The indirect ELISA used these secreted antibodies that are produced during infection for identification of the S. aureus antigens (Boerhout et al., 2016; Misra et al., 2018). Moreover, milk IgG1 antibodies are necessary for controlling and minimizing colony forming units so that these antibodies are produced in high concentrations. In experimental infections, it has been noticed that the existence of IgG1 isn’t related to S. aureus infection only but also associated with different types of mastitis (Boerhout et al., 2016). S. aureus enterotoxins had been detected in food samples such as cheese, milk and cake using sandwich ELISA was also another tool for diagnosis of mastitis (Sundararaj et al., 2019).

			Economic losses due to mastitis are attributed to late and improper diagnosis of etiological pathogens. Early and accurate diagnosis is essential where the disease developed very quickly and delay even in terms of few hours may lead to complete loss of teat and udder. Despite of multiple research and knowledge about diagnostics, effective diagnostic assays are still developing. Consequently, the current research aims to isolate and identify S. aureus immunogenic antigen to be coming out well applied for mastitis diagnosis. 

			Materials and Methods

			Ethical approval

			No approval from the Institutional Animal Ethical Committee was required to conduct this investigation, because no intrusive procedure was employed.

			 

			Samples collection

			S. aureus positive blood and milk samples, which were previously identified by PCR (Hussein et al., 2017) were used in the current study.

			Antigen preparation

			S. aureus was cultured onto medium (mannitol salt agar as a selective media for S. aureus), keeping at 37 ºC for 24 hrs. Pure colonies were isolated and inoculated in Brain Heart Infusion (BHI) broth medium. It was incubated in shaker incubator (30cycles/min) at 37ºC for 24 hrs. The grown bacteria were centrifuged (3000 rpm / 20 min). The supernatant was discarded and the precipitate was washed 3 times with distilled water. The bacterial suspension adjusted to a concentration of (4 × 106cfu / ml) in distilled water then boiled for 1 hour in water bath. The antigen was prepared according to (Al-Mayah and Saeed, 2013) by bacterial homogenization in 0.1M PH 7.2 phosphate buffer saline. The mixture was centrifuged in cooling centrifugation at (15000 xg / 20 min). After centrifugation, the supernatant and antigen were separated and freezed until use.

			Ammonium sulfate precipitation of Immunoglobulins (IgS) of positive cow sera

			Positive cow IgS were precipitated using a (50 %) saturated ammonium sulphate solution (SAS). For 3 days at 4°C, ammonium sulphate was extracted by dialysis against 15 mM phosphate-buffered saline (PBS). Lyophilization was used to concentrate the IgS. The precipitation process was according to (Abdel-Rahman et al., 2017). 

			Affinity chromatography purification of IgG s by protein A

			Purification of IgG was done on protein A Sepharose gel with 0.1 M glycine as the eluting buffer. The procedure of purification was as follows (Abdel-Rahman et al., 2017).

			 

			Immuno-affinity column chromatography for antigen purification

			The antigen of S. aureus was purified using Sepharose 4B affinity column chromatography. In a nutshell, immunoglobulins from positive cow serum were dialyzed for 3 days against NaHCO3 buffer (0.1 M-pH 8.3) containing Nacl (0.5 M) and NaN3 (0.02 %) before being linked to swollen beads of CNBr-Sepharose 4B (Sigma-Aldrich, USA) according to the manufacturer’s instructions. 50 mM glycine, pH 2.3, containing 0.5 M Nacl pH 2.3 was used to elute the bound fraction (Hjelm et al., 1972).

			Estimation of protein content

			Protein content of both crude and purified fraction was assayed colorimetrically using folin reagent and the standard bovine serum albumin according to the method of Lowry et al. (1951).

			SDS-page 

			Ten percent reducing polyacryl­amide gel was used and 2-mercaptoeth­anol sample buffer separately mixed to the crude antigen and the purified fraction before loading in gel. After electrophoresis, proteins were stained with silver nitrate (Merck, Germany) and protein marker was used to calculate the bands molecular weights that get from Sigma-Aldrich (Laemmli, 1970; Shaapan et al., 2021). Bio Rad Gel Doc XR+ Apparatus was used to determine the molecular weights.

			ELISA

			Indirect ELISA was used to assess the diagnostic properties of S. aureus fraction in mastitis. It was also used to evaluate the purified fraction sensitivity and specificity and its validity. Antigens concentration, antibodies dilution and anti-bovine horse radish peroxidase (Sigma) dilution were determined according to checker board titration. This assay had been performed according to Paul and Akira (1974). In brief, microtitration plate was coated with 100 μl of each antigen separately and incubated overnight at 4°C. After washing the plate was blocked with 05% Bovine Serum Albumin in phosphate-buffered saline for 1h at room temperature. 100 μl of each serum samples were added to each well after washing. 1.5h of incubation at 37°C, the plate was washed and 100 μl of diluted peroxidase conjugated anti-bovine antibodies was added to each well and the plate was incubated for 1h at 37°C. Ortho-Phenlene diamine substrate buffer containing H2O2 was added and the  plate was read spectrophotometrically at 450 nm in Microplate reader ELx 800 USA.

			Specificity and sensitivity

			Specificity, sensitivity, positive and negative predictive values were calculated according to Tabouret et al. (2001) and Parikh et al. (2008). Sensitivity (%) = [True positive/ (True positive + False negative)] ×100; Specificity (%) = [True negative/ (True negative + False positive)] ×100; PPV % = [True positive / (True positive + False positive)] ×100; NPV % = [True negative / (False negative + True negative)] ×100; Diagnostic Efficacy (%) = [(True negative + True positive) / (True positive +False positive + true negative + false negative x 100; Sensitivity, tp x 100/(tp + fn); specificity, tn x 100/(tn + fp); Diagnostic efficiency, (tn + tp) X 100/(tp + fp + tn + fn) (Gonzaleza et al., 2000).

			Results and Discussion

			SDS-PAGE profile of crude antigen and purified fraction

			S. aureus crude antigen and isolated fraction profiles obtained by SDS–PAGE showing in Figures 1 and 2. The crude antigen showed ten bands at molecular weights 208.9, 159.8, 131.6, 94.2, 74.7, 63.9, 49.4, 32.5, 28.4 and 24.4 KDa. The diagnostic fraction was represented by two bands at 73.1 KDa and 63.9 KDa.
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			Figure 1: SDS PAGE profile of S. aureus purified fraction showed 2 bands (2 peaks).

			The binding activities of cows’ positive sera against the crude antigen of S. aureus

			Different binding activities of positive serum samples against crude antigen of S. aureus reflected by different OD readings are shown in Figure 3.

			The binding activities of cows’ positive sera against the fraction of S. aureus

			As shown in Figure 4, the purification process resulted in a fraction with high yield of binding activities exist in the whole extract expressed in OD readings higher than that of crude extract.
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			Figure 2: SDS PAGE profile of S. aureus Crude Antigen show 10 bands (10 peaks).

			[image: ]

			Figure 3: Mean OD values of cows’ positive sera against the crude antigen of S. aureus.
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			Figure 4: Mean OD values of cows’ positive sera against the purified fraction of S. aureus.

			Potentials of the purified fraction of S. aureus to detect antibodies of mastitis cows’ milk samples

			As shown in Figure 5, higher binding activities profile was observed in milk infected with S. aureus than that observed in positive serum samples toward fraction of S. aureus reflected by higher OD readings.
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			Figure 5: Potency of the purified fraction of S. aureus to antibodies of positive cows’ milk samples.

			Stability of S. aureus purified fraction

			As shown in Figure 6, the binding activities of the purified S. aureus fraction stored for one year at -20oC reflected by OD readings.
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			Figure 6: Significant validity of the stored purified fraction of S. aureus for one year at -20oC.

			Comparison between activity of fresh purified and stored S. aureus fraction for one year at -20oC in diagnosis of mastitis

			Non-significant decrease in the OD readings between freshly purified fraction and the stored fraction which proved that the stored fraction still valid in diagnosis of S. aureus mastitis as shown in Figure 7.
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			Figure 7: Validity evaluation of the stored purified (Series 2) S. aureus fraction for one year at -20oC compared with freshly purified fraction (Series 1).

			Specificity of S. aureus purified fraction in diagnosis of mastitis

			Comparative evaluation of specificity of the S. aureus fraction and others antigens in mastitis diagnosis as showing at Figure 8.
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			Figure 8: Specificity evaluation of S. aureus purified fraction in comparison with different antigens in diagnosis of mastitis.

			Attachment of S. aureus, like other bacterial species, to host tissue is essential for development of infection. This attachment takes place by bacterial proteins which are the first molecules to interact with host cells and tissues (Foster et al., 2014). Some of these proteins are of cell wall origin and others are released (EI-Jakee et al., 2013). Isolation and identification of these proteins are the first step in the development of diagnostics and vaccines. Based on proteomic analysis, the current study introduces two affinity purified protein bands isolated from S. aureus extract by affinity column chromatography (CNBr-Sepharose 4B) to be used in the bovine mastitis diagnosis via indirect ELISA. Adoption of proteomics in identification and characterization of S.aureus proteins was previously proved (Santos et al., 2021). Use of CNBr-Sepharose 4B for protein purification of S. aureus is unique and, in most cases, resulted in purified immunogenic components (Forman et al., 1987). The similar facet between the current study and that of (Forman et al., 1987) is the adoption of protein A sepharose column chromatography to purify IgG from mastitic serum samples. This approach was previously adopted by others (Jungbauer et al., 1989; Abdel-Rahman et al., 2017) who succeeded in IgG purification from serum samples. Affinity chromatography doesn’t restrict to CNBr–Sepharose 4B, they used Sepharose of nickel nitrilotriacetic acid to purify S. aureus proteins but purification was followed by immunoblot to examine immunogenicity of isolated fractions (Aly et al., 2017). The advantage of CNBr-Sepharose 4B affinity chromatography is in one step purification of immunogenic fraction was carried out. Similarly, DEAE sephacel ion exchange chromatography (Sigma Chemical Co.), was used to purify S. aureus capsular polysaccharide (CP5). The purification process was followed by one- dimensional SDS-PAGE and immunoblot to prove immunogenicity of purified component (Li et al., 2018).

			In the current study, two bands of molecular weights 73.1 and 63.9 KDa were purified from S. aureus and characterized by one dimensional SDS-PAGE. Earlier, since 1987, molecule of 210 KDa was isolated by affinity column chromatography and characterized it by SDS-PAGE with additional smaller peptides with fibronectin binding properties including 29 KDa (Gonzaleza et al., 2000). Moreover, among isolated proteins released by S. aureus are proteins of 114.8 KDa which contains six hydrophobic segments and 11 KDa purified by superdex 200, its immunogenicity was confirmed by immunoblot (Aly et al., 2017). With the advances of proteomic analysis, purified extracellular vesicles of S. aureus purified by liquid chromatography showed important proteins at 32 KDa (penicillin-binding proteins) and 138 KDa (bifunctional peptidoglycan hydrolase). The huge one is processed to 62 KDa (amidase active protein) and 51 KDa (glucosaminidase active protein) were identified by (Wnag et al., 2018). An immunogenic protein of 100 KDa, a-fibronectin binding protein ClfA A-FnBPA, was purified and characterized by SDS-PAGE and immunoblot (Li et al., 2018). In bloodstream infections, these molecules with others are contributed to S. aureus ability for stabilizing permanent abscesses as well as the modification of immune responses. Actually, it is difficult to compare any of these molecules with each other or with those isolated in the current study because each research has its own approach and methodology.

			Research will be continued until a highly immunogenic component(s) isolated and formulated as diagnostic reagent.

			The isolated bands in the current study, proved potency in the detection of antigen-specific antibody responses of S. aureus in mastitis cow milk and serum samples by indirect ELISA which means that these bands are expressed during infection and stimulate humoral responses in blood and udder. Two surface proteins of S. aureus were isolated and showed immunoreactivity with mastitis cow milk and serum (Misra et al., 2017). But, the same two surface proteins were showed immunoreactivity in milk only (Misra et al., 2018). The current study and previous ones confirmed the concept that S. aureus presents multiple immunogens during infection either on blood or in milk. Alternatively, diagnosis of mastitis could be performed by antigen detection using monoclonal antibodies by sandwich ELISA (Sundararaj et al., 2019). However, the antibodies; monoclonal or polyclonal are raised against specific target antigen. So, antibody detection or antigen detection for mastitis diagnosis is two faces for one coin. Importantly, some protein molecules are conserved in multiple isolates of S. aureus as proved by (Misra et al., 2018), Are these molecules conserved in other bacterial species causing mastitis? If they are, they could be successfully used in the diagnosis of mastitis regardless of its etiological agents which is a very good area of our future research.

			Conclusions and Recommendations

			The diagnostic affinity purified fraction could be used for rapid diagnosis of bovine mastitis instead of classical way of bacteriological culture and biochemical tests in order to reduce time and cost of diagnosis and as an essential step for infection control.
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enters teat canal, colonizes, proliferates and secretes toxins
that damage mammary gland cells (Bhosale et al., 2014;
Rainard et al., 2020). Despite the importance of type 3

INTRODUCTION

astitis is the mammary glands inflammation of

dairy cattle which high prevalence worldwide
(Abrahmsén et al., 2014). The disease causes economic
losses due to alterations in milk quality, reduction in milk
yield and increased costs of treatment which results in
negative impact on the dairy industry (Kiku et al., 2017).
Some scientists consider mastitis is the most challenging
disease after foot and mouth disease in dairy animals
(Sharma et al., 2007). The disease is caused by several
bacterial species included Staphylococcus aureus which

hypersensitivity, infection resulted in the production of
several inter-leukeins (IL-17A, IL-17F, and IL-22) in
milk and mammary glands (Rainard et al., 2021). The
disease causes increase in somatic cell count, inflammatory
cytokines levels, antibody production and bacterial
count. Diagnosis of mastitis based mainly on counting
milk inflammatory cells as macrophages, lymphocytes,
neutrophils and eosinophils. California mastitis test is
successfully used in diagnosis of the disease (Kandeel et
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