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ARTICLE INFO ABSTRACT

Keywords Bovine mastitis is a common worldwide infection caused by different types of pathogens

including coliform bacteria. Understanding mastitis pathogens and their dominance, as well
as risk factors, is required to facilitate disease prevention and control, and to enhance udder
PCR health within the herd. Our objectives were to investigate the prevalence of different mastitis-
causing pathogens and describe some genetic traits which outline mastitis-associated E.coli
(MAEC). Four-hundred twenty-eight quarter foremilk samples were collected from 107
apparently healthy lactating cows and buffaloes from El-Menofia Governorate between 2020-
2022. The California Mastitis Test (CMT) was used to estimate the quarter somatic cell count

Virulence factors

Serological identification
VITEK-2 compact system

Received 27/05/2023 (SCC), with subclinical mastitis (SCM) defined as non-negative CMT score. The bacterial
Accepted 23/06/2023 culture of milk was used as a reference method to identify SCM based on the isolation of the
Available On-Cine causative pathogens. VITEK-2 compact system was used for isolates identification.
01/07/2023 Serological identification of E.coli serotypes and molecular identification of some virulence

genes using PCR were also performed. The prevalence of SCM was 60.7% with E.coli being
the most commonly isolated organism. The enteropathogenic serotypes of E.coli isolated
from the examined milk samples showed; Oz:Hi; (EHEC) 21.70%, Os5:H, (ETEC) 13.04%,
0127:H5 (ETEC) 434%, O121IH7 (EHEC) 1304%, 0117:H4 (EHEC) 1739%, 0146:H21 (EPEC)
17.39% and Oje3:H, (EHEC) 13.04%. The molecular identification of the most common
virulence genes of E.coli revealed the presence of sfa, papC, and traT genes in 100% of the
examined samples while cnfl gene was present in only 30% of the samples.

Escherichia coli is a highly diverse species, commonly
found in the intestines and feces of animals where the
bovine gastrointestinal tract is a natural reservoir for both
commensal and pathogenic E.coli with considerable
phylogenetic and genotypic variety, as well as the potential
to induce mastitis (Houser et al., 2008). However, studies
have suggested that various E.coli genotypes with
characteristics phenotypes are better adapted to trigger

1. INTRODUCTION

Bovine mastitis is one of the highly prevalent and costly
diseases worldwide. It causes economic losses due to
decreased milk quality and output, impaired conception,
early culling, and greater usage of medications and
veterinary services (Gongalves et al., 2018).

Mastitis is caused by a variety of pathogens including

coliform  bacteria  (Escherichia coli, Enterobacter
aerogenes, Klebsiella oxytoca, and Klebsiella pneumonia).
Traditionally, mastitis-linked E.coli is considered a
significant opportunistic environmental pathogen that is
linked to potential enteric risk (Dogan et al., 2012; Urseler,
et al., 2022). It is a major and significant cause of acute
mastitis with a rapid recovery rate, frequently observed in
early lactation and highly producing cows with low somatic
cell count (SCC) (Hogan and Smith, 2003). However, it
can occasionally result in serious systemic clinical signs
such as sepsis along with fever (Shpigel et al., 2008).
Occasionally, infection with E.coli leads to persistent and
subclinical disease (Zadoks et al., 2011). Accordingly, the
severity and consequence of E.coli mastitis are primarily
credited to environmental factors, the virulence of invading
strain rather than cow’s immune response (Burvenich et al.,
2003).
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mastitis than others (Blum and Leitner, 2013).

E.coli encompasses a wide range of commensal and
pathogenic strains, with the ability to colonize, grow, and
survive in both humans and animals, as well as abiotic
habitats (Tenaillon et al., 2010). The E.coli population is
mostly clonal and can be classified into six main
phylogenetic groups, each with a varying frequency in
different animal and human communities, with no strains
exclusively associated with a particular host (Tenaillon et
al.,, 2010). Pathogenic E.coli strains are categorized into
several pathotypes based on the site of the infection,
clinical features, and virulence factors. However, a
significant portion of these virulence-associated factors are
found in commensal strains as well, which enable the
establishment of infection and initial colonization. Only up
to 60% of each genome, the core genome, is shared by all
strains (Kaas et al., 2012). The remaining flexible genome
displays notable variation across different strains. It
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contains genes that enable adaptations for particular
habitats or environmental conditions and is responsible for
the E.coli phenotypic variations (Touchon et al., 2009).
Smallholder production is the predominant type of
production in Egypt where cows and buffaloes are the
predominant livestock population. The quality and safety of
milk supplied to consumers have been significantly
compromised due to a higher prevalence of SCM among
animals (Ntuli et al., 2016). Numerous types of E.coli are
accountable for SCM in dairy animals, and these
microorganisms caused severe fatalities and outbreaks of
milk-borne diseases worldwide, according to EFSA's 2015
report. Previous literature studied the prevalence of E.coli
isolates from SCM cases in Egypt. In 2017, Abdel-Tawab
et al. reported a 14.9% incidence of E.coli mastitis in
different Egyptian governorates. In another Egyptian study
by Ahmed et al., (2018) the prevalence of E.coli isolated
from CMT-positive milk samples was 20.8% where E.coli
was detected bacteriologically in 16.4% and in 27.2% of
the CMT-positive cows and buffalo samples, respectively.
A more recent study by Abdel-Fattah et al. (2023) stated an
18% incidence of E.coli from mastitic milk samples, and
the detected E.coli serotypes were Oze, Oa4, Oss:Keg, O111,
O119, and O1s7:Hz.

Despite extensive studies proposing the mammary
pathogenic E.coli pathotype, so far, no common genetic
features or virulence-associated variables have been
identified among isolates of E.coli causing mastitis (Blum
and Leitner, 2013). Recently, several studies analyzed the
genome of E.coli strains isolated from intramammary
infections (IMI) to better understand the bacteria causing
mastitis. These studies identified various MAEC genome
regions and genes that are associated with different levels
of specificity and significance. Therefore, our main
objective was to describe some genetic traits which define
MAEC and to investigate the prevalence of different
mastitis-causing pathogens.

2. MATERIAL AND METHODS

2.1 Animals, housing, feeding, and milking:

This study was conducted using convenient randomly
selected milk samples of 107 apparently healthy dairy cows
and buffaloes of different age groups, parties, and different
stages of lactation. All methods were evaluated and
approved by Benha University Institutional Animal Care
and Use Committee Research Ethical Board (BUFVTM10-
02-23). The study was performed on cows and buffaloes in
moderate and small animal aggregations in the El-Menofia
governorate in Egypt during the period from 2020 to 2022.
Most animals under study were in tie-stall barn houses and
hand milked twice daily and most hand milkers have no
routine for udder disinfection before and/or after milking.

2.2 Sample collection and analysis for SCC

Each animal was examined physically to detect any
systemic disorders. Udder and milk were inspected and
palpated for detecting any abnormalities. A total of 428
quarter foremilk samples were collected separately. The
teat end was cleaned and disinfected with alcohol 70%.
Sterile milk samples were collected separately in screw-
capped tubes by hand stripping (NMC, 1999). Milk SCC
was determined cow-side using CMT according to Schalm
and Noorlander (1957) and the change in viscosity was
visually scored. The milk samples were stored in an ice box
and transported to the laboratory at Animal Health
Research Institute in EI-Menofia Governorate for
performing other tests.

2.3. Cultural method

Milk culturing was carried out according to NMC (1999)
recommendations. Each milk sample was streaked on blood
agar (Remel®) and MacConkey plates (Remel®) separately
in a manner allowing the growth of separate bacterial
colonies, then incubated at 37 °C for 24-48 hrs. The
microbiological results were reported as CFU/ mL of milk.

2.4. Identification of the bacterial isolates

The microbial growth was identified using colonial
morphology, hemolysis pattern, metabolic activity,
biochemical tests, Gram-staining reaction, and cell
morphology according to NMC (1999) recommendations
before being transferred onto slope agar for further
identification using VITEK-2 compact system.

Bacterial isolates characterization was performed with the
VITEK-2 compact system in accordance with the
manufacturer’s instructions (Biomeriux, 2006). The
turbidity was adjusted to the equivalent of 0.5-0.6
McFarland turbidity. Analysis was done using Gram-
negative and Gram-positive bacteria identification cards.
Cards were automatically read every 15 min. Data was
analyzed using the VITEK-2 software (Version 9.02)
according to the manufacturer’s instructions.

2.4 Serological identification of E. coli

The E.coli isolates were serologically identified in
accordance with Kok et al. (1996) using a rapid diagnostic
E.coli antisera sets (Denka Seiken Co., Japan) for
enteropathogenic type identification.

2.5. Molecular analysis of E.coli isolates

Oligonucleotide primers to detect the studied E.coli genes
were synthesized by Biobasic (Canada) but designed and
evaluated by previous literature (Table 1). The DNA was
extracted from a single E.coli colony obtained from an
overnight MC agar pure culture according to QlAamp
DNA mini kit instructions. The Master Mix was prepared
according to Emerald Amp GT-PCR master mix (RR310A
kit). The examined virulence genes (sfa, papC, TratT, and
Cnfl) were detected by PCR (Biometra, Germany) with
amplified products at 410, 501, 307, and 620 bp,
respectively as described previously (Sambrook et al.,
1989). A 100 bp DNA ladder (Cat.NO. SM0243) supplied
by Fermentas (USA) was used.

Table 1 Oligonucleotide primers sequences for detection of E.coli’s four
virulence genes.

Gene Primer sequence (5'-3") Length of  Reference
amplified
product
Sfa CTCCGGAGAACTGGGTGCATCTTAC 410 bp Yazdi et al
CGGAGGAGTAATTACAAACCTGGCA (2018)
papC  TGATATCACGCAGTCAGTAGC 501 bp Wen-jie et al.
CCGGCCATATTCACATAA (2008)
TraT GATGGCTGAACCGTGGTTATG 307 bp Kaipainen et al.
CACACGGGTCTGGTATTTATGC (2002)
Cnfl TATATAGTCGTCAAGATGGA 620 bp Kadhum et al.
CACTAAGCTTTACAATATTGAC (2008)

2.6 Statistical analysis

The study’s data were analyzed using ANOVA and
Turkey-Kramer HSD post hoc test using SPSS statistical
software. P<0.05 was considered significant.

3. RESULTS

3.1 The prevalence of mastitis

The quarter prevalence of SCM using CMT is shown in
Table (2). The non-negative CMT reaction was the optimal
cut-point used. The results showed SCM prevalence of
65.5% using CMT with the HR quarter showing the highest
prevalence (112/280, 40,0%).
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The prevalence of SCM based on milk culture on a
quarterly basis was 60.7% (Table 2). The frequency of
isolated microorganisms in relation to positive samples was
shown in Fig (1). Organisms were isolated in 260 of 428
(60.7%) quarter samples with E.coli, and Klebsiella Spp.
being the most commonly isolated organisms (28.4% and
23.1%, respectively). Contagious pathogens, primarily S.
aureus, were identified in 40 samples (15.4%) while
environmental pathogens were identified in 220 samples
(84.6%) from the isolated pathogens with E.coli being the
most isolated environmental pathogens (33.6%).

Table 2 The prevalence of subclinical mastitis in 428 quarter milk samples
obtained from 107 dairy cows and buffalo.

Test Quarter side Positive (%) Significance value
HR 112 (40%)?
HL 85 (30.5%)"
California mastitis test (CMT) ~ FR 47 (16.8%)° P<0.01
FL 36 (12.7%)°
Total 280 (65.5%)
HR 101(38.8%)*
HL 80 (30.8%)°
Cultural method FR 40 (15.4%)° P<0.01
FL 39 (15%)°
Total 260 (60.7%)
* Different letters indicate significantly different
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Fig 1 The prevalence of different isolated mastitis pathogens obtained from 107 dairy
cattle and buffalo in relation to positive samples.

3.2. Serotyping of enteropathogenic E.coli

Table (3) declared the presence of different
enteropathogenic serotypes of E.coli isolated from the
examined milk samples.

Table 3 Serotyping of E.coli strains isolated from 23 subclinical mastitis
cases.

E. coli strains Type Percent (%)
Oz6:H11 EHEC 21.70%
O1s:H2 ETEC 13.04%
O127:Hs ETEC 4.34%
Our1:H7 EHEC 13.04%
Ou7:Hs EHEC 17.39%
Ouss:Har EPEC 17.39%
Oi03:H2 EHEC 13.04%

EHEC: enterohemorrhagic E.coli; EPEC: enteropathogenic E.coli; ETEC:
enterotoxigenic E.coli

3.3. Detection of virulence genes of E.coli

The molecular identification of four common virulent
E.coli genes revealed the presence of sfa, papC, and traT
genes in all examined samples (n=10) while the cnfl gene
is present in 30% (3/10) of the examined samples (Table 4,
Fig. 2-5).

Table 4 Occurrence of four virulence genes in ten E.coli strains isolated
from subclinical mastitis cases.

E. coli serotype Virulence factor
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Fig. 2 Agarose gel electrophoresis of sfa virulent gene (410 bp) identified by PCR from
E.coli strains isolated from subclinical mastitis cases. Lane L: 100 bp ladder as molecular
size DNA marker. Lane P+: Control positive sfa (410 bp) virulent gene characterization
of E.coli strains. Lane N: Control negative. Lane 1-10: positive for sfa (410 bp) virulent
gene characterization of E.coli strains.

Fig. 3 Agarose gel electrophoresis of papC virulent gene (501 bp) identified by PCR
from E.coli strains isolated from subclinical mastitis cases. Lane L: 100 bp ladder as
molecular size DNA marker. Lane P+: Control positive papC (501 bp) virulent gene
characterization of E.coli strains. Lane N: Control negative. Lane 1-10: positive for papC
(501 bp) virulent gene characterization of E.coli.

Fig. 4 Agarose gel electrophoresis of TraT virulent gene (307 bp) identified by PCR from
E.coli strains isolated from subclinical mastitis cases. Lane L: 100 bp ladder as molecular
sizz. DNA marker. Lane P+: Control positive TraT (307) bp virulent gene
characterization of E.coli strains. Lane N: Control negative. Lane 1-10: positive for
TraT (307 bp) virulent gene characterization of E.coli.

Fig. 5 Agarose gel electrophoresis of Cnf1 virulent gene (620 bp) identified by PCR from
E.coli strains isolated from subclinical mastitis cases. Lane L: 100 bp ladder as molecular
size DNA marker. Lane P+: Control positive Cnfl (620 bp) virulent gene characterization
of E.coli strains. Lane N: Control negative. Lane 2, 5, 6: positive for Cnfl (620 bp)
virulent gene characterization of E.coli strains.
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4. DISCUSSION

Microorganisms isolated from mastitic milk samples can
cause economic problems, disturb animal health, and pose
a public health hazard. Knowing the etiology of IMI is
extremely essential for controlling bovine mastitis and
targeted therapy. E.coli can cause clinical or subclinical
mastitis. Therefore, to better understand the disease, we
serologically identified E.coli isolated from SCM, and
investigated the distribution of four virulence genes among
these isolates. Consequently, we can learn more about how
the disease develops and how it can be prevented. Our
study showed that the prevalence of SCM was 60.7% based
on milk culture, and 65.5% based on CMT. A previous
study by Mureithi and Njuguna, (2016) reported similar
results (64%) using CMT. On the other hand, other studies
by Kamal et al. (2014) and Mbindyo et al. (2020) showed a
higher prevalence (73.0% and 73.1%, respectively) than
we reported here; while Ayano et al. (2013), and El-Kholy
et al. (2018) found a lower prevalence of 41.02% and
44.83%, respectively.

Many factors e.g., poor hygienic measures, malfunctioning
milking machines, improper milking procedures, and
insufficient treatment approaches may contribute to the
higher prevalence of SCM among dairy animals. These
variations might be related to mastitis nature as a complex
disease involving interactions of multiple factors such as
management, environment, and animals and pathogens
factors (Constable et al., 2017).

Our study found that the RH quarters had the highest
prevalence of SCM, while the LF quarters had the lowest
prevalence. In earlier investigations by Sudhan et al.
(2005), the RH quarter of dairy cows was found to be most
commonly affected by mastitis with a prevalence of
38.18% when compared to other quarters. Additionally,
Lee and Lee (2007) noted that the somatic cell score of
milk samples from the front quarters was lower than that
from the rear quarters which suggests the higher
susceptibility of the rear quarters to mastitis. Our findings
disagreed with another study that found the prevalence of
SCM was highest in LF quarters, followed by RF, LH, and
RH quarters (Hussein et al., 2022). It was hypothesized that
rear quarters are more vulnerable to mastitis compared to
front quarters due to higher milk production, greater
exposure to environmental effects, and udder's anatomical
structure that increase the likelihood of exposure to dirt and
trauma due to lower teats (Berry and Meaney, 2006), and
the higher possibility of contamination by urine and feces.
The bacteriological examination showed that the most
predominant isolated bacteria are E.coli followed by
Klebsiella spp., and S. aureus. In a study by Bakr et al.
(2019), the most common isolated pathogens were S.
aureus, S. agalactiae, and E.coli. These microorganisms
are all known to cause disease in humans, and their
presence in milk or animal products can pose a serious
public health risk. According to a previous study by Fahim
et al. (2019), E.coli is responsible for more than 80% of
coliform mastitis. Inadequate cleaning, faulty drainage,
insufficient udder washing, use of unclean washing towels,
and failure to use post-milking teat dipping could all be
linked to increased E.coli infections (Ayano et al., 2013).
E.coli is found in human and animal intestines; most strains
are harmless while others can cause disease. E.coli strains
are traditionally characterized by serological identification
of somatic O, flagellar H, capsular K, and fimbria F
antigens (Quin et al., 1998). Pathogenic E.coli strains can
be distinguished from normal flora strains by identifying
the presence of these virulence factors. The most common

pathogenic strains are: enteropathogenic E.coli (EPEC)
which causes disease by attaching and invading target cells,
enterohemorrhagic E.coli (EHEC) which produces toxins
leading to cell damage, and enteroaggregative E.coli
(EAEC) that causes disease by attaching to host cells and
forming aggregates leading to cell damage (Nagy and
Fekete, 1999), in addition to the enterotoxigenic E.coli
(ETEC) which produce special toxins (heat-stable and heat-
labile toxin). The results of this study showed that the most
common enteropathogenic serotypes of E.coli isolated from
milk samples were 026:H11 (EHEC), O15:H2 (ETEC),
0127:H6 (ETEC), 0121:H7 (EHEC), 0117:H4 (EHEC),
0146:H21 (EPEC), and 0103:H2 (EHEC). This is a
concern because these serotypes are known to cause
diarrhea in humans or serious illness and their presence in
milk is a potential risk to public health. Therefore, it is
important to take some steps to prevent IMI and milk
contamination with E.coli including maintaining a clean
and sanitary milking environment, washing cows’ udders
before milking, using clean and sanitized milking
equipment, and pasteurizing milk before consumption
(Scallan et al., 2011).

Pathogenic E.coli strains have a variety of virulent factors
that are necessary to combat the host's immune response
and to colonize, proliferate, and survive in the udder
(Kaipainen et al., 2002). These include toxins, adhesins,
invasions, capsule production, serum resistance, and iron
scavenging. Only isolates with successful combinations of
virulence factors will be capable of causing disease (Kaper
et al., 2004). The presence of virulent factors facilitates the
identification of pathogenic E.coli strains. This information
can be used to develop new treatments as well as prevent
the spread of E.coli infections. Considering the losses
associated with E.coli mastitis, recognition of the E.coli
ability to adapt to diverse environments, the limited
efficacy of treatment, and the potential public health
implications; the current study sought to investigate the
presence of some virulence factors in E.coli isolates from
IMI in an attempt to establish a potential correlation
between these characteristics and mastitis. The results of
our study showed the presence of three virulence genes
(sfa, papC, and traT) in all E.coli isolates from SCM cases.
These genes are all known to contribute to the
pathogenicity of E.coli, and their presence in all of the
examined samples suggests that they are essential for the
development of the disease. The sfa gene (S and F1
fimbriae) encodes a surface adhesin that allows E.coli to
adhere to and colonize host cells, while the papC gene (P
fimbriae) encodes a protein that is required for the
assembly and function of P fimbriae, which are adhesive
structures that allow E.coli to attach to, invade, and
colonize specific host tissues, and the traT gene (serum
resistance-associated protein) encodes a protein thought to
play a role in protecting E.coli from the host's immune
system by inhibiting the complement system, that allows
E.coli to spread from cell to cell (Sarowska et al., 2019).
Similar results were obtained by Campos et al. (2022) as
traT genes are the most common isolated genes. Guerra et
al. (2019) identified traT gene as a common feature among
E.coli isolates from mastitic samples. Another investigation
failed to identify virulence factors, including the pap genes,
in E.coli strains linked to persistent bovine mastitis, in
contrast to our study where this gene is detected in all
examined isolates (Dogan et al., 2006). We also noticed the
presence of cnfl gene (cytotoxic necrotizing factorl),
encodes for a protein toxin called CNF1 which damages the
host cells by interfering with cellular signaling, in 30% of
the examined isolates which suggests that although it is one
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of the E.coli virulence genes, it is not essential for the
development of the disease; however, it may contribute to
the severity of the disease. In 2022, a quite different result
was reported by Jouini et al. who found that the cnfl gene
is a common feature among E.coli isolates. These findings
have important implications for the prevention and
treatment of E.coli infections where targeting the virulent
genes involved in the disease such as sfa, papC, and traT,
can develop more effective treatments and strategies to
prevent the transmission of E.coli from the environment to
COWS.

Overall, our study provides insight into the pathogenesis of
mastitis caused by E.coli infection and has a significant
implication for the prevention and treatment of the disease.
However, further studies using different virulence factors
are necessary to understand the link between these factors
and their classification in distinct pathotypes and to
investigate the potential involvement of commensal E.coli
strains as a possible mastitis pathogen.

5. CONCLUSION

Our study provides an overview of the prevalence of SCM
and the most common isolated pathogens with a special
reference to E.coli associated SCM. These findings suggest
that enteropathogenic serotypes of E.coli isolated from
milk samples have a public health hazard, highlighting the
need for designing effective prevention and treatment
strategies in Egypt.
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