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Abstract
Background and Aim: Milk production is one of the main props for the national economy. One of the crucial problems 
in this industry is subclinical mastitis, which harms this industry that considered the backbone of the economy. It is an 
infectious and zoonotic disease; the infection can spread between dairy animals through milkers’ hands, and milking 
machines, while the human infection occurs due to the consumption of apparently hygienic milk. Staphylococcus aureus is 
one of the main causative agents of clinical and subclinical mastitis. It is also considered one of the bacteria incriminated in 
food intoxication of humans due to its virulence factors as enterotoxins and toxic shock syndrome. The current study was 
designed to assess the prevalence of S. aureus and its enterotoxins, as well as, its other virulence factors in milk collected 
from cows that suffer from subclinical mastitis.

Materials and Methods: Sixty cows were collected from different dairy farms located in Assiut Governorate, Egypt. These 
cows were subjected to the clinical examination of the udder and its lymph nodes before sampling. Milk samples were 
collected from clinically healthy udders. All the milk samples were examined by California mastitis test (CMT), polymerase 
chain reaction (PCR), and enzyme-linked immunosorbent assay (ELISA) for confirmation subclinical mastitis, presence of 
S. aureus and its enterotoxins genes and other virulence factors in the examined milk samples.

Results: The cows included in the current study had healthy udders. The sixty collected milk samples were tested by CMT. 
48/60 (80.0%) were positive samples; from the 48 positive samples, 46 (95.83%) samples were confirmed positive by 
S. aureus 16s rRNA PCR assay. Multiplex PCRs confirmed the presence of staphylococcus enterotoxin gene C (sec) in one 
sample, staphylococcus enterotoxin gene D (sed) in 23 samples, while ELISA assay confirmed the presence of the same 
enterotoxin in only two samples. On the other hand, other groups of genes responsible for some other virulence factors of 
S. aureus like the extracellular thermostable nuclease (nuc) gene were found in 33 samples, while toxic shock syndrome 
(tsst) gene and methicillin restraint S. aureus (mecA) gene were not detected in this study.

Conclusion: Subclinical mastitis is one of the hidden factors that adversely affect the health of both animals and humans. 
The milk is usually appeared good and may be consumed by humans especially children; however, it causes severe public 
health problems. In addition, the infected animals with this form of mastitis can spread the infection to other dairy animals 
and may be turned to a clinical case of contagious mastitis that may be ended by animal culling or death. S. aureus is one of 
the main causes of subclinical mastitis in cattle. In addition to extracellular thermostable nuclease (nuc) gene, staphylococcus 
enterotoxin gene C (sec) and staphylococcus enterotoxin gene D (sed) are the most common virulence genes confirmed in 
subclinical mastitis milk. These results highlighted the need to apply more hygienic measures in the dairy farms to avoid 
spreading the infection between animals to ensure the production of safe and healthy food to humans.
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Introduction

Mastitis is one of the most common infectious 
diseases affecting dairy animals. It is considered the 
most economical disease of the dairy industry world-
wide, including Egypt [1,2]. Mastitis, especially sub-
clinical mastitis, is responsible for severe economic 

losses in the form of reduction of milk production, 
low-quality milk, costs of treatment, and veterinary 
service, besides, the increase in the culling rate [3]. 
Mastitis is one of the multifactorial diseases that usu-
ally resulting due to synergistic action between some 
risk factors that enhance the action of the mastitis 
pathogens. Bacteria are considered the major cause 
of bovine mastitis. It is responsible for both environ-
mental mastitis caused by Escherichia coli and con-
tagious mastitis caused by Staphylococcus spp. and 
Streptococcus spp. [4]. 

Staphylococcus aureus is the main cause of 
mastitis as well as it is the second identified bacteria 
causing food poisoning in humans through its ability 
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to produce several enterotoxins in milk and milk 
products. These enterotoxins include SEA to SEE 
and SEG to SEQ. The previous studies confirmed 
that 25% of food poisoning outbreaks usually are 
caused by classical enterotoxins (SEA to SEE) [5]. 
According to the official European Union data from 
2011, 346 foodborne outbreaks were attributed to 
Staphylococcus spp. This represented 6.4 of all 
reported outbreaks. Furthermore, S. aureus can pro-
duce other virulence factors such as exfoliative toxin 
A and B and toxic shock syndrome (TSST-1) [6,7]. 
Although, pasteurization can destroy S. aureus but 
cannot affect their enterotoxins which are trans-
mitted to humans and cause a public health hazard 
Intramammary and systemic administrations are 
common methods for the treatment of mastitis around 
the world. The long history of using antibiotics in the 
dairy farms to treat infectious diseases, especially 
mastitis and this un-responsible application lead to 
developing the resistance of bacteria to the antibiot-
ics. Methicillin-resistant S. aureus (MRSA) has been 
characterized by the presence of mecA gene, which 
can resist the β-lactam antibiotics [8,9]. MRSA was 
isolated from milk samples in Egypt in two different 
localities, including Assiut and El-Mansoura gover-
norates [10-12]. 

The present study was planned to estimate the 
prevalence of S. aureus and its enterotoxins’ genes 
in bulk milk samples from cows infected with sub-
clinical mastitis using California mastitis test (CMT), 
molecular, and serological assays.
Materials and Methods
Ethical approval

Sampling and lab work were followed the ethical 
guidelines and principles by both Assiut University 
and veterinary authorities in Assiut Governorate for 
scientific research involving animals.
Study area, study period and samples collection

Milk samples were collected from different 
cows’ farms located in Assiut Governorate, Egypt. 

Assiut is the biggest governorate in Upper Egypt 
and it is the capital of Upper Egypt [13]. The collec-
tion of samples and samples analysis were done from 
April to September 2019.

 A total of 60 bulk milk samples were collected 
from 60 cows. The samples were collected in clean, 
dry, and sterile 50 ml screw-capped falcon tubes, 
under aseptic conditions after cleaning and disinfec-
tion of the udder. Each sample was tested individu-
ally using CMT then divided into two parts, each one 
stored at −20°C until DNA extraction and enzyme-
linked immunosorbent assay (ELISA) analysis.
Clinical examination

All the cows’ udders were clinically examined 
before sampling according to previously described 
methods for the examination of the udder and its 
regional lymph nodes [14].

CMT
Milk samples were subjected to CMT as a screen-

ing test for subclinical mastitis. An equal amount of 
milk and CMT solution was gently mixed for 10 s in 
CMT plastic plate, and then the result was recorded 
by a single test reader. Positive milk samples in CMT 
were examined for confirmation of S. aureus infection 
and its enterotoxins genes by molecular assays [15].
Polymerase chain reaction (PCR)
DNA extraction

DNA was extracted from positive CMT bulk 
milk samples using Qiagen DNA Blood Mini kit (Cat.
No. 51104, Hilden, Germany) according to manu-
facturer instruction, and then the extracted DNA was 
stored at –20°C.

DNA amplification
The S. aureus and its enterotoxin genes were 

tested using different primers for 16S rRNA, sea-see, 
tsst, nuc, and mec A (Table-1) [16-21]. PCR reac-
tions were performed in final volume 25 μl includ-
ing 12.5 μl of 2× PCR master mix (Green Master, 
Promega, USA), 150 ng of DNA template, 1 μl of each 
primer, and 5.5 μl of Nuclease-free water. Multiplex 
PCR was performed for the detection of sea-sec genes 
(reaction A) and sed-see genes (reaction B) in final 
volume 25 μl including 12 μl of Multiplex PCR mas-
ter mix (Qiagen, German), 150 ng of DNA template, 
and 1 μl of each primer and Nuclease-free water was 
added until the volume was completed to 25 μl. The 
amplification was performed in Gradient Thermal 
Cycler (Veriti Applied Biosystem, USA). The thermal 
profile for all genes was 94°C for 5 min, followed by 
35-40 cycles of denaturation at 94°C for 50 s., and 
the annealing temperatures were set according to each 
primer (s) (Table-1) followed by extension at 72°C for 
1 min and the final extension at 72°C for 10 min then 
PCR products were preserved at 4°C.
Gel electrophoresis

PCRs products were electrophoresed in 1% aga-
rose gel (GX 040.90, Gen Agarose, L.E., Standard 
DNA/RNA agarose, Molecular Biology Grade, Inno-
Train Diagnostic, D–61476, Kronberg/Taunus) con-
taining 10% diluted ethidium bromide 1 μl/ml elec-
trophoresis buffer at 100 volts for 60 min. Using 100 
bp DNA–ladder in SCiE–PLAS, HU 10, 5636, UK. 
Then, the gel was visualized by the high-performance 
ultraviolet (UV) transilluminator (UV, INC, UK) and 
DOC–It ® LS, Image acquisition–software (UVP, 
INC, UK).
ELISA

The milk samples were prepared and tested as 
described in the manual kit of RIDASCREEN® 
SET (Art. No.: R4101). It is a sandwich ELISA used 
for the detection and the identification of staphylo-
coccal enterotoxins A, B, C, D, and E in milk. The 
test was performed according to the manufacturer’s 
instructions.
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Statistical analysis
The prevalence of S. aureus as a cause of the 

subclinical mastitis, its virulence enterotoxins, and 
their statistical significance was calculated using Chi-
square test (SPSS, Chicago, USA). Any difference was 
considered significant at 5% threshold values [22].
Results

The udders of the sixty cows were clinically 
examined, and all were apparently healthy, and the 
related cranial and caudal supra-mammary lymph 
nodes were normal in size and constituent. Forty-
eight (80%) milk samples were positive using CMT 
out of the sixty collected cow’s bulk milk samples. 
16S rRNA PCR confirmed the presence of S. aureus 
in 46/48 (95.83%) samples, which were CMT positive 
(Table-2). The PCR assays confirmed the presence of 
sec gene (C enterotoxin) only in one sample (2.17%), 
the sed gene (D enterotoxin) was found in 23 (50%) 
samples. In addition, the occurrence of virulence genes 
(nuc) was confirmed in 33 (71.73%) of the exam-
ined milk samples (Figure-1). The statistical analysis 
revealed highly significant differences between the 
tested enterotoxin genes and virulence genes with 
p=0.00001. ELISA assay confirmed the occurrence of 
enterotoxin D in only two samples (4.34%) (Table-3).
Discussion

Subclinical mastitis is a trigger factor for con-
tagious mastitis in dairy farms and considered one 
of the most important diseases that affect dairy ani-
mals. Clinical mastitis is characterized by signs of 
inflammation on the udder associated with physical, 
chemical, cellular, and bacteriological changes in 
milk in addition to systemic signals as fever, anorexia, 
lameness, and toxemia. Contrariwise, the subclin-
ical mastitis produces no clinical signs, but it pro-
duces cellular changes in the mastitis milk. All the 

examined cows showed no clinical signs of mastitis 
with apparently healthy udders. This finding came in 
agreement with the results of some previous studies 
which confirmed the subclinical mastitis using CMT 
in cows with apparently healthy udder [23]. Out of 

Table-2: Prevalence of subclinical mastitis in cow’s milk 
samples (n=60) caused by S. aureus.

Results CMT 16S rRNA gene of 
Staphylococcus aureus

Positive/
Total

% Positive/
Total

%

+ ve 48/60 80 46/48 95.83
- ve 12/60 20 2/48 4.17

S. aureus: Staphylococcus aureus, CMT: California 
mastitis test

Table-1: Primer sets used to amplify fragments of 16S rRNA, enterotoxins, and virulence factors genes in S. aureus.

Primer 
Name

Sequence (5’-3’) Amplified product 
size (bp)

Annealing 
Temperature

No. of 
cycles

Reference

16S rRNA GTA GGT GGC AAG CGT TAT CC
CGC ACA TCA GCG TCA G

228 50°C/50 s 40 cycles [16]

sea GCA GGG AAC AGC TTT AGG C
GTT CTG TAG AAG TAT GAA ACA CG

521 48°C/1 min
44°C/1 min
(reaction A)

15 cycles

seb ACA TGT AAT TTT GAT ATT CGC ACT G
TGC AGG CAT CAT GTC ATA CCA

667 20 cycles [17]

sec CTT GTA TGT ATG GAG GAA TAA CAA
TGC AGG CAT CAT ATC ATA CCA

284 [16]

sed CCA ATA ATA GGA GAA AAT AAA AG
ATT GGT ATT TTT TTT CGT TC

278 57°C/2 min
(reaction B)

35 cycles [18]

see AGG TTT TTT CAC AGG TCA TCC
CTT TTT TTT CTT CGG TCA ATC

209 [19]

tsst GCT TGC GAC AAC TGC TAC AG
TGG ATC CGT CAT TCA TTG TTA T

559 50°C/50 s 40 cycles [16]

nuc GCG ATT GAT GGT GAT ACG GTT
AGC CAA GCC TTG ACG AAC TAA AGC

270 of 50°C/1 min 40 cycles [20]

mecA AAA ATC GAT GGT AAA GGT TGG C
ATC TGT ACT GGG TTA ATC

533 of 50°C/1 min 40 cycles [21]

S. aureus: Staphylococcus aureus

Figure-1: Amplicons of the genes 16S rRNA, sec, sed, 
and nuc gene. Lane (M) DNA ladder 100 bp; lanes (1-3) 
positive samples of 16S rRNA gene at 228 bp; lane (4) 
positive sample of sec gene at 284 bp, lanes (5-7) positive 
samples of sed gene at 278 bp and lanes (8-10) positive 
samples nuc gene at 270 bp.
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the examined milk samples, 80% were positive for 
the subclinical mastitis through the results of CMT. 
This finding confirmed that subclinical mastitis is 
more hazardous than the clinical mastitis because it is 
a hidden form of the infection and the udder and milk 
are normal without any physical changes, only the 
somatic cell count (SCC) increases more than normal 
count which is 100,000: 200,000 cell/ml. This SCC 
includes both the bacterial cell responsible for mastitis 
like S. aureus and the immune cells responsible for 
defense. These animals act as a potential source for 
infection of other healthy susceptible animals. This 
finding came in agreement with the previous stud-
ies; however, the result in this study is slightly higher 
than the results found in Ismailia Province, Egypt; 
Musanze district, Rwanda; India and Ethiopia, where 
the subclinical mastitis was confirmed in 71.6%, 60%, 
48.14%, and 36.67% of the examined milk samples, 
respectively [24-27]. S. aureus is one of the relevant 
and important major mastitis pathogens and respon-
sible for food intoxication transmitted to humans 
through the consumption of contaminated milk. The 
current study confirmed that 95.83% of the CMT 
examined bovine bulk milk samples were positive 
for S. aureus subclinical mastitis. This incidence was 
in agreement with some previous studies in Ethiopia 
and Egypt, where the authors confirmed that S. aureus 
was a predominant pathogen confirmed in subclinical 
mastitis cases [27-29]. Moreover, the obtained result 
was higher than the previous finding confirmed in the 
previous study in Benha Province, Dakahlia Province, 
and West Bank-Palestine. In these studies, the authors 
confirmed the presence of S. aureus in 90.4%, 81.3%, 
and 68.4% of the examined milk samples, respec-
tively [30-32]. This high incidence of S. aureus may 
be attributed to several factors: (1) Its ability to be 
hidden inside the udder especially with poor hygienic 
measures before and after milking; (2) the neglected 
periodical cleaning; (3) the disinfection of milking 
pens, milking machine, and/or millker’s hands which 
act as a potential vehicle that can carry the infection 
from animal to another; and (4) the neglected period-
ical milk examination using direct and indirect meth-
ods that can detect any increase in the SCC that acts 
as an indicator for subclinical mastitis. On the other 
hand, the less effective or insufficient veterinary ser-
vices and irresponsible or insufficient use of antimi-
crobial drugs in cases of clinical mastitis may lead 
to the occurrence of antimicrobial-resistant strains 

of S. aureus. This leads to the formation of botryo-
mycosis, which is one of the most serious complica-
tions and residues of S. aureus infection in the udder. 
In these cases, the bacteria become protected inside 
the udder tissue and resist the treatment. Furthermore, 
these animals will become a potential source of the 
infections even with no clinical signs observed and 
this makes S. aureus one of the major contagious sub-
clinical mastitis pathogens all over the world [33]. 
In addition, the genes of the S. aureus enterotoxins 
were detected using two different techniques include 
molecular and serological assays (PCR and ELISA). 
The enterotoxin D was found in 50% and 4.34% of the 
CMT and S. aureus positive bulk milk samples using 
PCR and ELISA, respectively, while the enterotoxin 
C gene was found only in one sample (2.17%) by PCR 
and did not detect by ELISA. The result of enterotoxin 
D was lower than the finding obtained in Iran, where 
the authors confirmed the presence of enterotoxin D 
in 12.5% of the examined samples using ELISA. The 
enterotoxin C finding came in agreement with a previ-
ous study in Egypt, in which the author confirmed the 
enterotoxin C in only one sample and failed to iden-
tify other enterotoxins in the same sample [34,35]. 
Our finding came in agreement with the previous 
result [36] and was higher than the result reported by 
Abd El-Tawab et al. [37] where the authors reported 
sed gene in 36.36% of raw milk samples. In this study, 
the ELISA test could not identify other classical 
enterotoxins in subclinical mastitis milk positive for S. 
aureus and this result agreed with Inganas et al. [38], 
Fey et al. [39] who confirmed that sandwich ELISA is 
the best available method for SE detection. However, 
the presence of protein A produced by S. aureus may 
be interfered with its sensitivity because of Protein A, 
which binds with Fe portion of the antibodies (IgG), 
causing false-negative results. The occurrence of both 
SEC and SED enterotoxins in S. aureus isolated from 
milk samples confirmed that these strains responsi-
ble for subclinical mastitis are from the animal origin 
where these enterotoxins are dominant if compared 
with other classical enterotoxins [40]. Furthermore, 
SED is produced in foods under a wider range of 
pH, redox potential (Eh), and water activity (aw) than 
other SEs, which explain why SED is principal toxins 
involved in staphylococcal food poisoning [41,42].

Other virulence factors present in the S. aureus, 
including extracellular thermostable nuclease (nuc), 

Table-3: Frequency distribution of some genes of enterotoxins and virulence factors of S. aureus occurred in bovine 
subclinical mastitic milk.

Genes of enterotoxins 
and virulence factors

PCR assay ELISA assay

Positive/Total % p-value Positive/Total %

C 1/46 2.17 0.00001 0/46 0
D 23/46 50 0.00001 2/46 4.34
nuc 33/46 71.73 0.00001 0/46 0

The result is significant at p<0.05. S. aureus: Staphylococcus aureus, PCR: Polymerase chain reaction, ELISA: Enzyme-
linked immunosorbent assay
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toxic shock syndrome gene (tsst), and  methicillin- 
restraint Staphylococcus (mecA) were investigated 
using PCR. Only the extracellular thermostable nucle-
ase (nuc) gene was detected and confirmed in 71.73% 
of the examined milk samples confirmed positive 
for S. aureus. These findings were in fair agreement 
with the previous study [43] carried out in Egypt and 
confirmed the presence of nuc gene in all S. aureus 
strains, while, the (tsst) gene was confirmed in only 
one sample and they detected only the mecA gene in 
53% of the examined samples [12]. Moreover, some 
phenotypically S. aureus strains were shown nega-
tive results for nuc gene, probably due to non-opti-
mal experimental conditions for PCR method. The 
differences in the nucleotide sequence among the nuc 
genes were caused by some mutation or the absence 
of nuc gene in some S. aureus strains [44]. The results 
of this study confirmed no S. aureus MRSA strains. It 
concluded that S. aureus responsible for subclinical 
mastitis in this study mainly comes from animal origin 
rather than human ones according to Kitai et al. [45] 
who suggested that the source of food contamination 
by MRSA is mainly not of animal origin but from 
human as the food handlers and not from animal 
infection.
Conclusion

S. aureus is one of the most important mastitis 
pathogens; it is a potential pathogen in cases of subclin-
ical mastitis and considered one of the common public 
health hazards. The molecular assay is recommended 
for confirmation of the presence of S. aureus infection 
and its enterotoxin, especially enterotoxin D and extra-
cellular thermostable nuclease (nuc) genes, which are 
the most common enterotoxin and virulence factors 
detected in this study. Human consumption of subclini-
cal mastitis milk with the above-mentioned bacteria and 
its enterotoxins may lead to milk-borne intoxication, 
especially in children and old aged people. Therefore, 
CMT test is recommended to use as a screening test 
for the periodical examination of the dairy animals 
for the early detection of subclinical mastitis to help 
in rapid and effective treatment and prevention of this 
disease and avoid its spreading between dairy animals. 
In addition, the molecular and ELISA techniques are 
important to detect the different virulence factors car-
ried in S. aureus. Moreover, the application of pre- and 
post-milking disinfection that will ensure the quality of 
milk and reflected on human health is required.
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