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The Virulence characterization of Escherichia coli in clinical and subclinical
mastitic milk samples was studied in this study. Bacteriological examination of 292 milk
samples collected from Egypt revealed 44 E. coli organisms (15.068 %).The result showed
that the E. coli incidence in clinical mastitic milk higher than subclinical mastitic milk.
Serotyping E. coli isolates revealed 41 strains were typed (15.06%). Detection of verotoxin
activity of E. coli strains showed that 5 strains (6.4%) belonged to 0128: K67, 0111: K58
and 0126: K58 from clinical mastitic milk samples, while 15 strains (7.01 %) were from
subclinical mastitic cases. For detection of shiga toxin type 2 (stx2) and intimin (eaeA)
genes by multiplex PCR, the results revealed positive amplification of intimin gene in 4
strains 0111 (9.76%), 3 strains of 0128:K67 (7.32%), 2 strains of 026:K60, 055:K59 and
0119:K69 (4.88%), one strain of 0126:K7(2.44%). Simultaneous amplification of shiga
toxin type 2 gene and intimin gene in all 4 E. coli serovar O157: H7, while 3 from serovars
0111 (7.32%), from serovars 0128 and 026:K60 were 2 (4.88%) and one strain of 055:K59
(2.44%) which confirm that multiplex PCR as-say are useful for identification of STEC
possessing the eaeA and stx2 genes.
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Bovine mastitis is the most common
infectious disease affecting cows and remainsthe
most economically important disease of dairy
industries around the world. Dairy producers’
lossesare primarily dueto lower milk yield, reduced
milk quality, higher production costs, or even
destruction of mammary gland*.

Moreover, mastitisis considered of vital
importance to the public health due to association
with many zoonotic diseasein whichmilk actsasa
vehicle for infectious agent.? The most common
mastitis pathogens are Staphylococcus aureus,
Escherichia coli, Streptococcus agalactiae,
Streptococcus dysgalactiae and  Streptococcus
uberis.
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The serious effects of mastitisare mostly
due to its subclinical form, during which the
causative micro-organism act asinvisible potential
source of spreading infectionin the herd, therefore,
it isimportant to identify quickly the new clinical
cases to control infection in the herd.

Presence of E. coli in milk products
indicates the presence of enteropathogenic
microorganisms, which constitute a public health
hazard. Enteropathogenic E. coli can cause severe
diarrhoea and vomiting in infants and young
children.?

Shiga toxin producing Escherichia coli
(STEC) is the most important recently emerged
group of foodborne pathogens.* It can cause
severe gastrointestinal disease, including fatal
infections, and is being detected with increasing
frequency worldwide. Transmission occursusually
through consumption of undercooked meat,
unpasteurized dairy products and vegetables or
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water contaminated by faeces of carriers.®

The present study was aimed at
investigating the prevalence of E. coli strainsin
milk samplesof clinical and subclinical mastitisin
different of governoratesin Egypt. The virulence
characteristics of isolates were a so studied.
Samples

During the period of 25th May to 25"
October 2012, a total of 292 bulk-tank milk
samples(78 clinical mastitic milk samplesand 214
subclinical mastitic milk samples) were collected
from 10 cow farms located in different Egyptian
governorates. The sampleswere placed oniceand
transported immediately to the laboratory.

I solation and identification of E. coli:

Milk sampleswere centrifuged at 3000 rpm
for 15 minutes and after centrifugation the
supernatant aswell asthe sediment were cultured.
Milk sampleswas primary cultured on MacConkey
agar medium, incubated aerobically at 37°C. After
overnight incubation, a part of single typical well
isolated lactose fer-menting colonies were tested
for sorbitol fermentation by culturing on sorbitol
MacConkey agar and sorbitol phenol red agar
media, incubated at 37°C overnight. Morphological,
cultural and biochemical examination were carried
out according to methods described by Quinn et
al.% Sampleswere cultured in MacConkey (MAC)
medium. Agar plates were incubated at 37°C and
bacterial growth was evaluated after 24 and 48 h,
respectively. Gram-negative microorganismswere
isolated from MAC agar and determined at the
specieslevel using cytochrome oxidase, triple sugar
iron agar, urea, and indole tests as putatively E.
coli”. Reference strains used were E. coli strain
ATCC 35150(0157:H7, stx1, stx2, eae, hly) (positive
control) and Saphylococcus aureus ATCC 29737
(negative control).®
Ser otyping of E. coli:

| solatesthat were primarily identified by
biochemical tests as E. coli were subjected to
serological identification using diagnostic
polyvalent and monovalent E. coli antisera
(Welcome E. coli diagnostic antisera). Diagnostic
E. coli- 0157 antisera(Difco code 2970-47-7) and
H7 antisera(Difco code 2159-47-0) were used for
serologi-cal identification of E. coli O157: H7.
Verocell cytotoxicity

E. coli isolateswere grown in brain heart
infusion broth for 8 h at 41°C. Then, 5ml of each
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isolate was subcultured into 50ml Casamino acid—
yeast extract—salts medium without glucose. The
cellswerealowed to aerobically grow at 37°C.

After 18-20 h, the cellswereremoved by
centrifugation at 12,000 g for 15 min at 4°C. The
cell pellet was resuspended in 0.5ml sterile
phosphate-buffered sdline (0.1 M, pH 7.2). Thecells
were ultrasonically disrupted continuously for 2
min in an ice bath using a sonicator. The
cytotoxicity assay was performed with Vero cells
as previously described.®
Extraction of DNA:

The DNA of the standards strains and of
the other bacterial isolates yielded from
bacteriological examination was extracted by
hexadecyl trimethyl ammonium bromide (CTAB),
according to Sambrook et a.’® Meanwhile, the
extractionsof DNA from milk sampleswere carried
out according to Riffon et al.,'* and Meiri-Bendek
et a.’2 One ml of each culture was centrifuged at
5000 rpm/ 5 minutes, and then the sedi-ment was
washed fivetimeswith sterilized water and finally
suspended in 1.0 ml of sterilized water. The
suspension was kept at 95°C for 15 minutes, and
after centrifu-gation at 15,000 rpm for 5 minutes, 10
ml of the supernatant was directly used for PCR.
PCR design and amplification conditions
accordingto Paton and Paton?®

PCR primer pairs were designed with
reference to published sequence data for shiga
toxintype 2 (stx2)', intimin gene (eaeA). *® Details
of the nucl ectide sequence, the specific generegion
amplified, and the size of the PCR product for each
primer pair arelistedin Table 1. Theextracted DNA
of the standard strains and of the bacterial isolates
yielded from bacteriological examination wastested
with multiplex-PCR using the oligo-nucleotide
primers specific for (stx2) and (eae A) genes.
Concurrently the crude DNA extracted from milk
samples were tested by the same primer pair. All
reactionswere carried out in afinal volume of 50ml
in micro--amplification tube (PCR tubes). The
reaction mixture consisted of 10ml (200mg) of the
extracted DNA template from the bacterial cultures
or 5ml of theextracted DNA tem-platefromthe milk
samples, 5ml of 10X PCR buffer (BIO-TOOLS)
(75mM Tris-HCI, pH 9.0, 2mM MgCl,, 50mM
KCI,20 mM (NH,), SO,, 1ml dNTPs (40mM)
(BIOTOOLS), 1ml (I U Amplitag DNA polymerase)
(Qiagen), 1ml (50 pmal) fromtheforward and reverse
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primers. The volume of the reaction mixture was
completed to 50ml using deionized distilled water
(DDW). 40ml paraffin oil was added and the
samples were subjected to PCR cycles, each
consisting of 1 min of denaturation at 95°C; 2 min
of an-nealing at 65°C for the first 10 cycles,
decrementing to 60°C by cycle 15; and 1.5 min of
elongation at 72°C, incrementing to 2.5 min from
cycles 250 35. Final extension was carried out at
72°C for 10 min, and the PCR products were
visualized by agarose gel electrophoresisaccording
to Sambrook et al.*°

RESULTS AND DISCUSSION

E. coli, a gram-negative environmental
pathogen associated with bovine mastitis, was
isolated from 292 mastitic milk samples (78 clinical
mastitic milk samples and 214 subclinical mastitic
milk samples) collected from different Governorates
revealed the presence of 44 (15.068 % ) E. coli
isolates, 32 (14.95%) among subclinical mastitic
milk samplesand 12 (15.38%) clinical mastitic milk
samples. In France, E. coli (16%) wasidentified as
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one of the major causative agents of mastitis'®, a
prevalence that is very close to our findings in
Egypt (15.38 %). Theresultsobtained in the present
study, indicated that the incidence of E. cali in
clinical mastitisishigher than subclinical mastitis.
The presence of this pathogen in milk proved to
bevariablein different regions may be contributed
to many factors such as geographical location,
season, farm size, number of animals on thefarm,
hygiene status, farm management practices,
variationinsampling, variation in types of samples
evaluated, and differences in detection methods.

Serotyping of the E. coli isolatesyielded
from bacteriological examination of milk samples
revealed 41 strains out of 44 E. coli isolates were
typed (15.06%) asfollows; 7 strainsas 0119: K69
(2.39%), 6 strainsas 0128: K67 (2.05%), 6 strains
as 0111: K58 (2.05%), 5 strains as 0126: K58
(1.71%), , 4 strainsas O55: K59 (1.37%), 4 strains
as026: K60 (1.37%), 4 strainsas O157: H7 ( 1.37
%), 3 strains as 086: K61 (1.027%)and 5 strains
(1.71%) were untypable.

The datain Table (2) showed that O119:
K69, 0128: K67, 0111: K58 and 0126: K58 were

Table 1. PCR primers used for multiplex PCR

Primer Sequence (5'—-3) Specificity Ampliconsize
eacA F GAC CCG GCA CAA GCATAAGC Intimin gene 384

eseA R CCA CCT GCA GCA ACA AGA GG

stx2 F GGC ACT GTC TGA AACTGC TCC Shigatoxintype 2 255

stx2 R TCG CCA GTT ATC TGA CAT TCT G

Table 2. Serotyping of E. coli recovered from subclinical and clinical mastitic of milk samples

Samples from Samples from
Serovars subclinical mastitis (214) clinical mastitis (78) Total (292)

No. % No. % No. %
0119: K69 3 14 4 513 7 2.39
0128: K67 3 14 3 3.85 6 2.05
O111: K58 3 14 3 3.85 6 2.05
0126: K71 3 14 2 2.56 5 171
086: K61 3 14 - 0 3 1.027
055: K59 4 1.86 - 0 4 1.37
026: K60 4 1.86 - 0 4 1.37
0157: H7 4 1.86 - 0 4 1.37
Untyable 5 234 - 0 5 171
Total 32 14.95 12 15.38 a4 15.06

%: was calculated according to the number of examined samples between brackets.
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detected from the clinical mastitic sasmpleswith an
incidence of 5.13%, 3.85%, 3.85%, 2.56%
respectively. Meanwhile O119: K69, 0128: K67,
O111: K58, 0126: K58, 055: K59 (1.37%6), 026: K60,
0157: H7, 086: K61 and untypable strains were
recovered from subclinical mastitic cases.

Our results indicated that E. coli
recovered from mastitic cases belonged to avery
broad range of O serogroups which confirm the
conclusion of Fuse et a.*, Harmon et al., *® and
Garber et al..”®
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Detection of verotoxin activity of E. coli
strainsusing vero cellswasinvestigated. Table (3)
showed that 5 strains (6.4%) belonged to O128:
K67,0111: K58and O126: K58fromclinica madtitic
milk samples, meanwhile, 15 strains (7.01 %) were
recovered from subclinical mastitic cases. The
results coincided with that mentioned by Karmali
et al ® and Chapman et al.*

The E. coli serovars recovered by
bacteriological examination were tested by
multiplex PCR using stx2 F & stx2 R and eaeA F&

Table. 3 Cytotoxicity of E. coli serovarsisolated from subclinical and clinical mastitic of milk samples

Subclinical mastitic Clinical mastitic Total (292)
samples (214) samples (78)

E. coli No. of Cytotoxic No. of Cytotoxic No. of Cytotoxic
serovars serovars activity +ve serovars activity +ve serovars activity +ve

No. % No. % No. %
0119: K69 3 0 0 4 - 0 7 - 0
0128: K67 3 2 0.93 3 2 2.56 6 4 1.37
0111: K58 3 3 14 3 2 2.56 6 5 171
0126: K71 3 1 0.46 2 1 1.28 5 2 0.68
086: K61 3 0 0 - - 0 3 - 0
055: K59 4 3 14 - - 0 4 3 1.02
026: K60 4 2 0.93 - - 0 4 2 0
0157: H7 4 4 1.86 - - 0 4 4 1.037
Untyable 5 0 0 - - 0 5 - 0
Total 32 15 7.01 12 5 6.4 44 20 6.84

%: was calculated according to the number of examined samples between brackets

Table 4. Characterization of the recovered E. coli serovars by multiplex PCR

using stx2 F, stx2 R and eaeA F, eaeA R primers:

E. coli Number of Multiplex PCR
serovars examined Positive for eaeA* gene Positive for stx2** gene
serovars
No. % No. %

0119: K69 7 2 4.88 0 0.00
O111: K58 6 4 9.76 3 7.32
0128: K67 6 3 7.32 2 4.88
086: K61 3 0 0.00 0 0.00
0126: K71 5 1 244 0 0.00
026: K60 4 2 4.88 1 4.88
055: K59 4 2 4.88 1 244
0157: H7 4 4 9.76 4 9.76
Total 39 18 43.90 12 29.27

%: was calculated according to the total number of typable strains.
* Intimin gene; ** Shiga toxin type-2 gene.
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eaeA R primers. The results observed in Table (4)
reveal ed positiveamplification of intimin genefrom
the DNA extracted of 4 strains 0111(9.76%), 3
strainsof 0128:K67 (7.32%), 2 strainsof 026:K 60,
055:K59 and 0119:K69 (4.88%),0ne strain of
0126:K7(2.44%). S multaneousamplification of 255
bp fragment of shigatoxin type 2 gene and 384 bp
fragment of intimin genefromall 4 E. coli serovar
0157: H7, while3from serovars 0111 (7.32%), from
serovar 0128 and 026:K 60 were 2(4.88%) and one
strainof O55:K59 (2.44%). No amplification could
be observed with E. coli serovars 086:K61,
0119:K69and O126:K61.

CONCLUSON

Our results demonstrated that incidence
of E. coli strainsishigher in clinical than subclinical
mastitis. Also, the results were of importance to
themicrobiologists seeking to useasimple, reliable
and rapid procedure that can detect the major
virulencefactors of E. coli.

ACKNOWLEDGMENTS

The authors extend their appreciation to
the Deanship of Scientific Research at King Saud
University for funding the work through the
research group project No.: RGP-VPP-162.

REFERENCES

1. Phuektes, P., Mansell, P. D.,Browning. G. F.
Multiplex polymerase chain reaction assay for
simultaneous detection of Staphylococcusaureus
and Streptococcal causes of bovine mastitis. J.
Dairy Sci. 2001; 84:1140-1148.

2. Bramely, A.J. Current concepts of bovine
mastitis. National Mastitis Council, Madison,
Wisconsin. 1996.

3. Anon, T.O. Veterinary Investigation Surveillance
Report. London: Veterinary Laboratories
Agency. 2011.

4, Abong' o, B.O., Momba, M.N.B. Prevalence and
characterization of Escherichia coli O157:H7
isolates from meat and meat products sold in A
mathole District, Eastern Cape Province of South
Africa. Int. J. Food Microbiol. 2009; 26:173-
176

5. Dunn, J.R., Keen, J.E., Thompson, R.A.
Prevalence of Shiga-toxigenic Escherichia coli
0O157:H7 in adult dairy cattle. Am. Vet. Med.

10.

11.

12.

13.

14.

15.

16.

17.

2677

Assoc. 2004. 224:1151-1158.

Quinn, P.J., Markey, B.K., Carter, M.E.,
Donnelly, W.J.C. Leonard, F.C. Veteri-nary
Microbiology and Microbial diseases. Blackwell
Scientific Publications, Oxford, London. 2002
Quinn, PJ., Markey, B.K. Enterobacteriaceae
1 and 2. In: Concise Review of Veterinary
Microbiology. Blackwell Publishing Ltd.,
Oxford, UK. 2003: 38-41.

Chart, H., Smith, H. R., La Ragione,
R.M.,Woodward, M.J. Aninvestigation into the
pathogenic properties of Escherichia coli strains
BLR, BL21, DH5aand EQL. J. Appl. Microbiol.
2000; 89: 1048-1058.

Emery, D.A., Nagaragja, K.V., Shaw, D.P,
Newman, J.A.,White, D. G. 1 Virulence factor
of E. coli associated with colisepticaemia in
chickens and turkeys. Avian Dis.1992; 36:504—
511.

Sambrook, J., Fritscgh, E.F. Meniates, K.H.
Molecular cloning (Second edition). 1989
Riffon, R., Sayasith, K., Khalil, H., Dubreuil P,
Droplet, M., Lagace, J. 2001 Devel opment of a
rapid and sensitivetest for identification of major
pathogens in bovine mastitis by PCR. J. Clin.
Microbiol. 2001; 39 (7): 2585-2589.
Meiri-Bendek, 1., Lipkin, E., Friedmann, A.,
Leitner, G, Saran, A., Friedmann, S. Kashi, Y. A
PCR -based method for the detection of S.
agalactiaein milk. Amer. Dairy Sci. Ass. 2002;
85: 1717-1723.

Paton, A.W., Paton, J.C. Detection and
characterization of Shiga toxigenic E. coli by
using multiplex PCR assaysfor stxl, stx2, eaeA,
enterohaemorrhagic E. coli hlyA, rfb 0111 and
rfb O157. J. Clin. Microbiol. 1998; 598-602.
Jackson, M.P.,, Neill, R.J., O'Brien, A.D.,
Holmes, R. K. and Newland, JW. 1987
Nucleotide sequence analysis and comparison
of the structural genesfor Shiga-liketoxin | and
Shiga-like toxin |1 encoded by bacteriophages
from Escherichia coli. EMS Microbiol. Lett.
1987; 44: 109-114.

Yu, J., Kaper, J.B. 1992. Cloning and
characterization of the eae gene of
enterohaemorrhagic E. coli O157: H7. Env.
Microbiol. 1992; 6: 411-417.

Botrel, M.A., Haenni, M., Morignat, E, Sulpice,
P, et al. 2010. Distribution and antimicrobial
resistance of clinical and subclinical mastitis
pathogens in dairy cows in Rhone-Alpes,
France. Foodborne Pathog. Dis. 7: 479-487.
Fuse, K., Hakoji, E., Kikuchi, N., Nakani, Y.,
Nakaoka, Y. and Murakami, S. Propertiesof E.
coli isolates from peracute bovine mastitis. J.
Japan Vet. Med. Ass.1993; 46(11):917-9109.

J PURE APPL MICROBIO, 8(4), AUGUST 2014.



2678

18.

19.

20.

HESSAIN & MOHAMED: Escherichia coli IN BOVINE MASTITIS

Harmon, B.G, Cathy, A.B., Tkalcic, S., Mueller,
PO.E., Parks,A., Jain,A.V., Zhae, T. and Doyle,
M.P. 1990. Fecal shedding and rumen growth of
Escherichia coli O157:H7 in fasted calves. J.
Food Prot. 62: 574-576.

Garber, L., Wells, S., Schroeder-Tucker, L. and
Ferris, K. 1999. Factors associated with fecal
shedding of verotoxin producing Escherichiacoli
0157 on dairy farms. J. Food Prot. 62: 307-
312.

Karmali, M. A. 1989. Infection by verotoxin —
producing E. coli. Clin. Microbiol. Rev., 2:15-

J PURE APPL MICROBIO, 8(4), AUGUST 2014.

21.

22.

38.

Chapman, P. A.,Sidden, C. A., Cerdan, M. and
Harkin, M. 1997. A 1-year study of Escherichia
coli 0157 in cattle, sheep, pigs and poultry.
Epidemiol. Infect., 1997; 119(2): 245-250.
Gannon, V.P.J., Rashed, M., King, R.K.and
Golsteyn Thomas E.J.1993 Detection and
charac-terization of the eae gene of Shiga-like
toxin-producing Escherichia coli using
polymerase chain re-action. J. Clin.
Microbiol.1993; 31: 1268-1274.



