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Abstract
Background: Although milk is nutritionally valuable, it also serves as a significant medium for the transmission of 
pathogens and their toxins. 
Aim: This study aimed to investigate the role of enterotoxin gene A (SEA) in the development of bovine mastitis. 
We accomplished this by examining milk through polymerase chain reaction (PCR) testing, amino acid substitution 
analysis, and phylogenetic analysis. 
Methods: A total of fifty milk samples were collected from locally bred dairy cows in Al-Diwaniyah, located in 
southern Iraq. We employed the VITEK-2 platform to validate the diagnosis of Staphylococcus aureus and confirm the 
results of routine tests (culturing and biochemical tests). Subsequently, the genetic mutation and phylogeny analysis 
were achieved utilizing DNA sequencing to 16S rRNA and enterotoxin A genes. 
Results: 66% (33/50) of the milk samples found to be contain S. aureus by the VITEK-2 system. Furthermore, 25/33 
of the samples were positive by the PCR test. While 60% (15 out of 25) tested positive for the SEA gene. After 
genomic analysis, we identified amino acid substitutions of serine, glutamine with arginine, tyrosine with cysteine, and 
aspartic acid with glycine at positions 9, 101, 119, 187, and 191. The phylogenetic investigation demonstrated a genetic 
relationship between our isolates (Iraqi isolates) and isolates from Indian and the United States. 
Conclusion: Our study indicated the widespread distribution of the enterotoxin gene A (SEA) of S. aureus among 
dairy cows. The molecular study revealed significant changes in key amino acids that could play an important role in 
the bacterium's pathogenesis. The phylogenetic similarities among S. aureus samples from various countries suggest 
that the bacteria has spread globally. 
Keywords: S. aureus, 16S rRNA gene, Amino acid substitutions, Phylogenetic analysis, Mastitis.

Introduction
Mastitis has a huge impact on dairy production, 
negatively impacting livestock health, well-being, 
and the quality of milk while incurring substantial 
damage to the dairy industry (Le Maréchal et al., 
2011). Staphylococcus aureus, which is a widely 
prevalent and extremely contagious bacteria, is known 
to be responsible for both clinical and subclinical 
mastitis (Guimarães et al., 2017). Different genes 
encode several virulence factors in S. aureus, which 
significantly contribute to the induction of inflammation, 
degeneration, and necrosis. The ClfA, ClfB, FnbA, and 
FnbB genes encode proteins that bind fibrinogen and 
promote bacterial aggregation, clot formation, and 
tissue colonization. Additionally, sspA and sspB genes 
encode proteases (particularly V8 protease) that degrade 
host proteins and expedite tissue invasion. While hysA 

encodes hyaluronidase, which dissolves connective 
tissue hyaluronic acid to disseminate pathogens, The 
Geh gene encodes lipases, which breakdown lipids and 
feed microorganisms. Also, alpha-hemolysin (α-toxin) 
is produced by the HLA gene and is responsible for 
damaging host cell membranes. Moreover, the lukS-PV 
and lukF-PV genes encode pantan-valentine leukocidin, 
which destroys leukocytes and suppresses the immune 
response of the host (Ullah et al., 2022). Additionally, 
tst encodes toxic shock syndrome toxin-1 (TSST-1), a 
superantigen that promotes systemic inflammation. 
SEA and SEB enterotoxins cause gastrointestinal 
symptoms and act as superantigens. The icaADBC 
gene encodes polysaccharide intercellular adhesin, 
which is crucial for the development of biofilm matrix 
and bacterial adherence. Cap genes produce capsular 
polysaccharides, which protect the bacterium. The Spa 
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gene encodes protein A, which suppresses opsonization 
and phagocytosis by binding to antibodies' Fc domains. 
By inhibiting complement activation, SCIN protects 
bacteria against complement-mediated lysis.
The infection of mammary glands with Staphylococci 
(particularly S. aureus) is thought to be a multi-stage 
process involving multiple phases and complicated 
biological interactions (Dego et al., 2002). 
During milking, minor wounds, or environmental 
contamination, bacteria primarily enter the udder 
through the teat canal. Staphylococcus bacteria 
can adhere tightly to the extracellular matrix of the 
epithelial cells of the teat using surface proteins 
known as cell wall-anchored proteins that are 
covalently connected to peptidoglycan (Foster et al., 
2014; Foster, 2020). This helps the bacteria grow in 
that area. The bacteria then begin to create biofilms, 
which are clusters of bacterial cells surrounded by 
an extracellular matrix, increasing their resistance to 
antibiotics and the host's defense mechanisms making 
it more difficult to eliminate bacteria (Kiran et al., 
2022). Because the bacteria produce several digestive 
enzymes, they penetrate the teat duct and disperse to 
the inter lobes of the mammary glands, causing damage 
to the alveolar and ductal cells. After that, leukocytes 
(neutrophils) diapedesis to the infection site and then 
release cytokines to recruit more immune cells and 
cause inflammation. Additionally, Staphylococci 
produce toxins such as α-toxin and β-toxin, which 
damage and destroy mammary gland tissue (Anderson 
et al., 2012). This causes inflammation, swelling, and 
redness in the udder, causing pain and discomfort for 
the cow. The collection of dead cells and germs causes 
pus to develop, complicating the disease even further. 
The development of mastitis has a negative impact 
on milk quality and production. It is also possible for 
certain cases to progress to a chronic disease in which 
pathogens remain in the udder for extended periods of 
time. Chronic mastitis infections can cause irreversible 
harm to the mammary glands and dramatically limit 
milk output.
Mastitis causes a negative economic impact by reducing 
both the amount and quality of produce, resulting in 
severe financial losses for breeders (Ibrahim, 2017). 
The presence of staphylococci in milk can cause 
contamination of dairy products. Furthermore, failure to 
appropriately remove some of the toxins produced by S. 
aureus during the dairy product manufacturing process 
might be harmful to human health. Infected cows might 
transfer the infection to the other cows on the property. 
The use of intensive treatment is necessary to prevent 
and control the spread of Staphylococcal disease, 
intensive treatment is required. Unfortunately, frequent 
and extensive use of antibiotics to treat mastitis can 
lead to the development of antibiotic-resistant bacterial 
strains (Sipahi et al., 2023). Resistance to antibiotics 
represents a global problem facing public health. 
Recent studies (Salam et al., 2023; Alara and Alara, 

2024) reported that antimicrobial resistance (AMR) 
contributes to 1.27 million deaths and 4.95 million cases 
of illness worldwide. Furthermore, several researchers 
have focused on the emergence of multidrug-resistant 
bacteria. To find the appropriate antibiotic, as well as 
to find new strains that are resistant to multiple drugs 
and study their resistance genes, it is important to do 
regular antimicrobial susceptibility testing (Algammal 
et al., 2020; Shafiq et al., 2022; Worku et al., 2022). 
Staphylococci are responsible for a variety of infectious 
diseases in both humans and animals (Guo et al., 2020). 
In animals, the most recorded illnesses include mastitis 
and dermatitis in cattle, sheep, goats, and horses. It 
also causes botryomycosis in pigs and suppurative 
infections in pets (Peton and Le Loir, 2014). While it is 
mostly responsible for food poisoning in humans, the 
most notable symptoms associated with gastrointestinal 
tract problems include cramps, nausea, vomiting, and 
diarrhea. These symptoms usually start to show up 2 
to 4 hours after having spoiled food (Kimberlin et al., 
2022). Individual differences in the intensity of these 
symptoms and the amount of SE consumed also play 
a role. 
The current study aims to investigate the role of the 
enterotoxin A gene of S. aureus in the pathogenesis of 
mastitis in dairy cows, using routine and confirmatory 
tests such as the VITEK-2 and polymerase chain 
reaction (PCR) tests, as well as genetic analysis related 
to mutations and phylogenetic.

Materials and Methods
Sample collection
We collected 50 milk samples under sterile conditions 
(Vacheyrou et al., 2011) from dairy Iraqi breed cows, 
sourced from several farms in the Al-Diwaniyah 
province in southern Iraq. We then transported the 
collected samples to the College of Veterinary Medicine 
at the University of Al-Qadisiyah Laboratory for 
culturing, biochemical testing, and molecular testing. 
Isolation and identification of S. aureus
With minor adjustments, we achieved the isolating and 
identification of S. aureus in accordance with Singh 
and Prakash (2008) methodology. For the enrichment 
process, we used the peptone water enrichment broth 
provided by HiMedia Private Ltd. After that, we 
thoroughly combined a 10 ml or 10 g specimen with 
90 ml of sterile enrichment broth and subjected it to 
incubation at 37°C for a duration of 24 hours.   The 
specific medium used for S. aureus isolation was Baird 
Parker Agar (BPA) (HiMedia Private Ltd., India). We 
spread a small amount of culture from the enrichment 
onto BP agar and then incubated it at 37°C for 48 
hours. The presence of jet-black colonies encircled by 
a white halo was indicative of the likely presence of 
S. aureus. After that, the pure cultures were inoculated 
onto nutrient agar (HiMedia Pvt. Ltd., India) and 
then placed them in an incubator at a temperature of 
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37°C for 24 hours. We then subjected the cultures to 
biochemical assays for further characterization. 
Morphological characteristics
We made the smear by applying the isolated culture 
to a clean, grease-free glass slide and then staining it 
using Gram's staining procedure (Habib et al., 2015). 
We then examined the stained specimens under a 
microscope. Gram-positive, coccus-shaped cells, 
organized in irregular clusters resembling a bunch of 
grapes, were present in the smear examination. 
Biochemical analysis
We conducted biochemical assays using the catalase 
test, coagulase test, DNase test, acetoin production, 
oxidase test, and D-mannitol fermentation to verify the 
presence of S. aureus.
Identification of S. aureus using VITEK2 system
Bacterial identification were achieved by using cultural 
and biochemical testes VITEK2 cards (Biomerieux, 
USA) injected with fluids directly obtained from 
culture bottles are excellent for rapid identification and 
susceptibility testing of S.aureus (Nimer et al., 2016). 
A sufficient number of colonies were transferred from a 
pure culture using a sterile brush (Albispro.com, Kalisz, 
Poland) or applicator stick (Key Scientific Products, 
USA) into a 1275 mm transparent plastic (polystyrene) 
test tube (Falcon®, Deutschland) containing 3.0 ml of 
0.45% NaCl (pH 4.5–7.0) (Baxter Ltd., USA), which is 
a sterile saline solution. A Densi Chek turbidity meter 
was used to measure the turbidity, which was set to 
0.50–0.6 Mf (Nimer et al., 2016). The findings were 
evaluated the next day.
Staphylococcus aureus detection via molecular methods
To detect S. aureus, special primers (Bioneer, Daejeon, 
South Korea) were designed to amplify the 16s rRNA 
and the Enterotoxin A genes. Responsible for the 
encoding SEA gene. The sequences of these primers 
are presented in Table 1.
Bacterial genome DNA extraction
In this study, the genomic DNA of S. aureus was 
extracted from newly grown bacterial cultures, 
following the standard protocol described in previous 
works (Sitthisak, 2011; Vremerã et al., 2011). 
The PrestoTM Small Genomic DNA Bacteria Kit 
(Geneaid, China) was employed for this purpose. 
To ensure the quality and quantity of the extracted 
DNA, validation was performed using a Nanodrop 
spectrophotometer®TM 2000 (ThermoFisher, USA). 

Subsequently, the validated DNA samples were stored 
at −20°C in a refrigerator until further analysis.
The PCR
The targeted 16s rRNA gene (500 bp) was detected 
by PCR test using the AccuPowerPCR PreMix Kit 
(Bioneer, Daejeon, South Korea) (Psifidi et al., 2015). 
For that purpose, 20 µl of the PCR reaction solution was 
prepared based on the instructions of the kit, including 
5 µl of DNA, 2 µl of 10 pmol of F and R primers 
(Table 1), 9 µl of green®-master mix PCR, and 4 µl of 
nuclease-free water. The mixture was vortexed quickly 
before being placed in the thermocycler (MJ-Mini 
BioRad, USA) to commence the amplifying procedure, 
which involved denaturation for 1 cycle at 94°C/1 
minute. Then 30 cycles of denaturation and annealing 
at 940°C and 57/30 seconds, respectively, followed 
by 40 seconds at 720°C. Then, a 7-minutes cycle of 
the final extension at 720°C. Ten microliters of PCR 
product were then loaded onto an agarose gel (GeneOn 
GmbH, Germany) containing three microliters of 
ethidium bromide (HA Life Science, India). Five ml 
were drawn from a 100–2000 bp marker  (Bioneer, 
Daejeon, South Korea) at one well. The gel was run for 
one hour at 100 V and 80 amps. The gel and bands were 
then looked at under a UV-light-based gel documentary 
(Alpha Laboratories Ltd., Germany).
The positive 16s rRNA samples were presented for 
the investigation of the virulence gene enterotoxin-A 
using the specific primers for that purpose (Table 1). 
The same thermocycler condition were applied for the 
virulence gene enterotoxin A gene (550 bp) except for 
an annealing time of 55 seconds utilizing (Monistero 
et al., 2018).
Sequencing of DNA
Staphylococcus aureus was detected through DNA 
sequencing (Morse et al., 2002; Ghebremedhin et al., 
2008). After confirming the presence of the 16s rRNA 
gene, the necessary PCR product was isolated from an 
agarose gel. Bioneer Ltd. Company (Daejeon, South 
Korea) received purified gene products for sequencing. 
The bioEdit tool (Tamura et al., 2021) was employed 
to analyze mutations and amino acid variations. 
Subsequently, the sequence files were analyzed using 
MEGA software version 11 to conduct phylogenetic 
analysis based on the isolates from the current study 
and those obtained from GenBank (Tamura et al., 
2021).

Table 1. Presents the specific primers designed for the 16S rRNA gene and the S. aureus enterotoxin A gene, along with 
their respective product sizes.

Target gene Primer sequence Product size

1-S. aureus-16s rRNA 
F-ACGCGAAGAACCTTACCAAA

500 bp
R-TCGACGGCTAGCTCCTAAAA

2-S. aureus-enterotoxin-A 
F-GCAGGGAACAGCTTTAGGC

550 bp
R-CCTCTGAACCTTCCCATCAA

http://www.openveterinaryjournal.com


http://www.openveterinaryjournal.com 
A. Jawad et al.� Open Veterinary Journal, (2024), Vol. 14(7): 1644-1657

1647

Statistical analysis
We used statistical analysis to implement our study's 
strategies. We computed sample S. aureus prevalence, 
investigated the association between biochemical 
parameters and S. aureus using descriptive statistics, 
and compared it using the Chi-Square test. We 
compared VITEK2's S. aureus identification accuracy 
to PCR using the Kappa statistic. We reported extracted 
DNA yield and purity using descriptive statistics and 
compared results among procedures or samples using 
an ANOVA.
Ethical approval
The techniques employed in this investigation, which 
included collecting milk samples from animals, were 
approved by the College of Veterinary Medicine's 
ethical committee (ref no. 122/2023). All participants 
agreed to the collection of samples and requested that 
their identities be kept private.

Results
The purpose of this study was to examine the genetic 
makeup and prevalence of S. aureus in milk samples 
from dairy cows, with an emphasis on the gene A 
enterotoxin (SEA).  Our hypothesis posited that a 
substantial number of S. aureus isolates would include 
the SEA gene, and that genetic differences in these 

isolates might impact their pathogenicity and resistance 
characteristics. To fulfill our objectives, we obtained 
Fifty milk specimens from dairy cows, then isolated 
and identified S. aureus using conventional culture and 
biochemical testing. 
Phenotypic features of retrieved isolates 
During the smear analysis, Gram-stained S. aureus 
specimens revealed Gram-positive, coccus-shaped 
cells clustered in irregular clusters, similar to a bunch 
of grapes. On BPA, the presence of jet-black colonies 
surrounded by a white halo indicated S. aureus. 
The results of the biochemical test revealed that the 
catalase, coagulase, DNase, and acetoin production 
tests produced a total of 43 positive results out of 50 
(Table 2). Nonetheless, the oxidase test continues to 
show negative findings. As a result, 86% of the S. 
aureus isolates tested positive for the biochemical 
tests. 
VITEK2 system and PCR analysis
We utilized the VITEK2 system to verify and 
deploy molecular techniques, such as PCR and DNA 
sequencing, to identify and analyze the bacterial 
genome. Regarding the results recorded by VITEK2 
system, S. aureus was found to be present in 33/50 
(66%) of milk samples. Similarly, the 16s rRNA gene, 
regarded to be relevant for diagnosis, was detected in 

Table 2. Biochemical test criteria of S. aureus Isolates.
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25/33 (75%) of the specimens. After finding out what 
percentage of S. aureus samples were positive for 
the 16S rRNA gene, we did more tests to see if the 
enterotoxin A gene was present. Out of the total number 
of samples, we discovered that 15, which accounts for 
60%, tested positive for this gene (Fig. 1A and B). 

DNA sequencing analysis

The partial sequences of the targeted 16s rRNA genes 
were submitted to GenBank with the accession codes 
OQ594438, OQ594440, and OQ594441. Table 3 
illustrates the correlation between the strains from the 
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current study isolates and 53 other accession numbers 
from GenBank.
The partial sequencing analysis in our current study 
identified a mutation within the S. aureus 16S rRNA 
gene (Tables 4 and 5). We recorded a switch between 
asparagine (Asn) and serine (Ser). A single nucleotide 
substitution in the DNA sequence led to this alteration, 
replacing a specific nucleotide with another, resulting in 
a change in the encoded amino acid during translation. 
For example, a change from the DNA sequence AAC 
(coding for asparagine) to AGC (coding for serine) at 
the mRNA level would result in this amino acid change. 
Point mutations in the DNA sequence typically cause 
substitutions between glutamine (Gln) and arginine 
(Arg) or tyrosine (Tyr) and cysteine (Cys) in the 
genetic code of S. aureus. These mutations substituted 
a single nucleotide, leading to the incorporation of a 
different amino acid into the protein during translation. 
These changes could have different effects on different 
parts of S. aureus' biology depending on where they 
happened and what roles the proteins they changed 

played. To figure out what these mutations did, we had 
to do a lot of genetic testing to see how they changed 
the functions of bacterial proteins and how they 
affected S. aureus's body and how it interacted with its 
surroundings.
Figure 2 revealed the genetic characteristics and 
phylogenetic relationship between Iraqi S. aureus 
isolates and other genbank isolates (especially Indian 
and USA isolates). This genetic similarity, which 
resulted from a common ancestor or genetic exchange 
events, can explain the global spread of S. aureus 
through human travel and trade.
If the isolates shared antibiotic resistance genes 
or mutations, this could have indicated a shared 
evolutionary pressure due to the widespread use of 
antibiotics in healthcare settings around the world. It 
was possible that human movement, such as travel, 
immigration, or animal transport, had facilitated the 
transmission of S. aureus strains between Iraq, India, 
and the USA. It is believed that cooperation between 
research or clinical institutions in different countries 

Fig. 1. (A) S. aureus 16S rRNA gene PCR product analysis on an agarose gel electrophoresis. 
Where M is a marker (2000–100 bp), and lanes (1–7) denote positive dairy cow samples 
at 500 bp PCR product. (B) S. aureus PCR product analysis of Enterotoxin A gene (SEA), 
where M: marker (2000–100 bp), lane (1–3), (8–10) positive samples dairy cow samples at 
550 bp PCR product.
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will lead to the sharing of bacterial isolates for study 
or treatment, which contributes to understanding the 
observed association between isolates from different 
geographical regions. 

Discussion
Raw (unpasteurized) milk poses a significant risk to 
public health because it may contain S. aureus and 
associated enterotoxins. Our research focused mainly 
on the suspected role of S. aureus enterotoxins (SEA) 
in causing mastitis in Iraqi dairy cows. To achieve this 
goal, the use of the PCR test is necessary and decisive 
(Sharma et al., 2000). In this study, 86% (43/50) of the 
milk samples tested positive for catalase, coagulase, 
DNase, and acetoin. This showed that S. aureus was 
present. The oxidase test was negative, which is 

consistent with the specific features of this bacteria 
(Abbas et al., 2014). 
Iraq conducted several research studies on cow's 
milk samples to investigate the presence of various 
pathogens, including staphylococci (Khudaier et al., 
2013; Hasan and Hoshyar, 2019; Sheet, 2022). In their 
2019 investigation, Hasan and Hoshyar discovered that 
70% of the samples contained S. aureus isolates that 
possessed the SEA gene. They emphasized that SEA 
gene isolation is critical for investigating S. aureus' 
development. The research specifically links this gene 
to a higher occurrence of food poisoning. Also, Tong 
et al. (2015) emphasize the importance of studying 
and understanding bacterial population control (Tong 
et al., 2015). While, 33 out of 50 milk samples, or 
66%, tested positive for S. aureus using the Vitek-2 
technology. Subsequent investigations employing the 

Table 3. Accession codes employed in this study to conduct the phylogenetic analysis.

No. Accession No Source Country No. Accession No Source Country
1 >OQ594438.1 Current Study Iraq 29 >HM294378.1 GenBank USA
2 >OQ594440.1 Current Study Iraq 30 >HM294072.1 GenBank USA
3 >OQ594441.1 Current Study Iraq 31 >HM293022.1 GenBank USA
4 >OR185505.1 GenBank India 32 >JF095724.1 GenBank USA
5 >OR185504.1 GenBank India 33 >HM311947.1 GenBank USA
6 >OR185503.1 GenBank India 34 >HM306971.1 GenBank USA
7 >KF091556.1 GenBank USA 35 >HM289827.1 GenBank USA
8 >KF090793.1 GenBank USA 36 >HM288947.1 GenBank USA
9 >JF206054.1 GenBank USA 37 >HM288745.1 GenBank USA
10 >JF205187.1 GenBank USA 38 >HM285574.1: GenBank USA
11 >HM255684.1 GenBank USA 39 >HM284749.1 GenBank USA
12 >JF186945.1 GenBank USA 40 >HM281779.1 GenBank USA
13 >JF174503.1 GenBank USA 41 >HM280719.1 GenBank USA
14 >JF171023.1 GenBank USA 42 >HM280704.1 GenBank USA
15 >JF170689.1 GenBank USA 43 >HM280663.1 GenBank USA
16 >JF169326.1 GenBank USA 44 >HM274962.1 GenBank USA
17 >JF169188. GenBank USA 45 >HM272519.1 GenBank USA
18 >JF164664.1 GenBank USA 46 >HM271308.1 GenBank USA
19 >JF160715.1 GenBank USA 47 >HM268690.1 GenBank USA
20 >JF160412.1 GenBank USA 48 >HM268581.1 GenBank USA
21 >JF159115.1 GenBank USA 49 >HM261783.1 GenBank USA
22 >JF158652.1 GenBank USA 50 >HM260815.1 GenBank USA
23 >JF156285.1 GenBank USA 51 >HM259917.1 GenBank USA
24 >JF120451.1 GenBank USA 52 >HM259876.1 GenBank USA
25 >JF107800.1 GenBank USA 53 >HM255127.1 GenBank USA
26 >HM280780.1 GenBank USA 54 >OR778277.1 GenBank India
27 >JF105144.1 GenBank USA 55 >OR648319.1 GenBank India
28 >JF096186.1 GenBank USA 56 >OR602898.1 GenBank India
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identical methodology also noted this proportion, or a 
similar approximation. 
Molecular identification using 16s rRNA revealed a 
percentage of 25/33 (75%) of the total 33 positive that 
diagnostic by VITEK-2 (Kim et al., 2008). In this study, 
PCR testing showed that some S. aureus isolates do not 
have enterotoxin genes.  Several factors contribute to 
the absence of enterotoxin genes in some S. aureus 
isolates (Bianchi et al., 2014; Muş et al., 2023). First, 
according to various studies, S. aureus shows a high 
level of genetic variation, which allows it to adapt 
to its surrounding environment (Adame-Gómez et 
al., 2020). According to recent studies, S. aureus 
has unique gene sets, like enterotoxin genes, which 
are crucial as they are associated with inflammation 
and necrosis (Varshney et al., 2009). Second, these 
genes can be moved by mobile genetic elements like 
plasmids, transposons, or prophages (Malachowa 
and DeLeo, 2010). This causes heterogeneity in the 

presence of enterotoxin genes, depending on whether 
an isolate received these mobile elements (Malachowa 
and DeLeo, 2010). Moreover, selective pressure plays 
a role in promoting bacterial proliferation during food 
poisoning, as enterotoxin genes continue to increase 
in some cases while gradually disappearing in others 
(Medved’ová et al., 2017). Finally, environmental 
factors influence enterotoxin gene expression, and 
some isolates may have silent or non-functional genes 
due to mutations or regulatory mechanisms. These 
variables all contribute to differences in the presence 
of enterotoxin genes across S. aureus strains (Krismer 
et al., 2014). 
The sequencing and phylogenetic tree revealed 
that four isolates received accession numbers for 
OQ594438, OQ594439, OQ594440, and OQ594441. 
Our phylogenetic analysis of S. aureus isolates from 
bovine mastitis cases exist in numerous clades with 
clear relationships between them. This results disagree 

Fig. 2. The phylogenetic tree of S. aureus based on partial sequences of the 16s 
rRNA gene that classifies strains by host and geographic location; our isolates 
are colored black.
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with Pizauro et al. (2021) who indicated that the 
phylogenetic analysis of S. aureus from bovine mastitis 
cases showed that the clinical and subclinical isolates 
exist in numerous clades with no clear relationships 
between them. The phylogeny based on the 16S RNA 
gene showed that Staphylococcus spp are all closely 
related to one another and have a common ancestor 
that causes mastitis. In most cases, subclinical and 
clinical strains of the same species belonged to the 
same lineage.
Changes to certain amino acid sequences in S. aureus 
could have a big effect on the formation of galaxies 
and, by extension, on their ability to control bacterial 
activity (Canfield et al., 2013). Amino acid substitutions 
in S. aureus can have a major impact on bacterial 
pathogenicity (Herron et al., 2002). Amino acids are 
essential for protein function, and any alteration in 
the amino acid sequence can cause major changes 
in the structure and function of bacterial proteins, 
impacting various aspects of bacterial pathogenesis. 
These characteristics include bacteria's ability to create 
toxins, resistance to antibiotics, and ability to cling to 
and enter host cells (Ng and Henikoff, 2006).
It is believed that the amino acids found in enzyme 
and toxin-active sites are some of the most significant 
(Pons et al., 2019). Replacing it can have a significant 
impact on the protein's function. Mutations in toxin-
encoding genes, for example, can alter bacteria's 
ability to create toxins. Also, the amino acids in areas 
where antibiotics interact are very important. Changes 
in antibiotic-targeted proteins, like the changes that 
happen in PBP2a in methicillin-resistant S. aureus, can 
make bacteria resistant to antibiotics (Goeders and Van 
Melderen, 2014). Furthermore, amino acids that help 
bacteria adhere to host cells have a significant impact. 
Mutations in the proteins that allow bacteria to connect 
to and enter host cells can impair the bacteria's capacity 
to cause infection. Changes in surface proteins, such 
as protein A, can influence bacterial adherence to host 
cells (Ozma et al., 2022). Biochemical analysis and 
functional investigations of impacted proteins can 
help to understand how these mutations alter bacterial 
pathogenicity (Price et al., 2018).
Various factors may contribute to the evolutionary 
similarities between Iraqi, Indian, and American 
strains of S. aureus that cause mastitis in cows. For 
instance, genetic interchange among various lineages 
might happen due to human migration and the flow 
of culture and trade between nations (Lakhundi and 
Zhang, 2018). Furthermore, the presence of common 
environmental pressures, such as antibiotic usage and 
comparable climatic conditions, could result in the 
dissemination and development of resistant strains 
in many geographical areas (Nübel et al., 2008). It 
is plausible that the adoption of comparable farming 
methods and the sharing of genetic resources across 
various populations might potentially enhance the 
genetic resemblance among breeds. Therefore, the 

impact of environmental and anthropogenic variables 
across different geographic regions may be responsible 
for the similarities in the evolutionary and transmission 
patterns of these strains (Feng et al., 2008). After 
establishing the percentage of S. aureus samples that 
tested positive for the 16 gene, we conducted additional 
testing to detect the presence of the enterotoxin A gene. 
Out of the total number of samples, we discovered that 
15, which accounts for 60%, tested positive for this 
gene.

Conclusion
The current study found that 66% of milk samples were 
positive for S. aureus when detected by the VITEK-2 
platform, suggesting its extensive distribution between 
dairy cows. Despite the PCR test revealing only 75% of 
the samples as positive, the enterotoxin gene diagnosis 
identified S. aureus. Among these samples, the study 
showed that 60% of the Staphylococcus isolates 
contained this enterotoxin gene, which means that 
this gene is common in S. aureus, which strengthens 
the hypothesis that this gene is involved in causing 
mastitis in dairy cows. The phylogenetic results in this 
study show a genetic similarity between the strains 
isolated in Iraq and those isolated in India and the 
United States, indicating common origins or genetic 
exchange between these geographically different 
strains. This genetic similarity could be a result of the 
transmission of bacteria facilitated by travel, trade, 
and the transportation of animals and animal products. 
Understanding these genetic links and identifying 
factors that influence the distribution and evolution of 
S. aureus strains is important for guiding public health 
policies and taking necessary preventive actions to 
limit the spread of infections and antibiotic resistance.
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