Available online at www.sciencedirect.com

sc.suce@p.“m@

Research in Veterinary Science 77 (2004) 17-21

L RVS\, /_

www.elsevier.com/locate/rvsc

ELSEVIER

traT and CNF2 genes of Escherichia coli 1solated
from milk of healthy cows and sheep

M.N. Agik, N.E. Yurdakul, L. Cakici, N. Onat, 0. Dogan, B. Cetinkaya *

Department of Microbiology, Faculty of Veterinary Medicine, University of Firat, 23119 Elazig, Turkey
Accepted 7 January 2004

Abstract

The objectives of the present study were to isolate Escherichia coli from milk of apparently healthy cows and sheep and to in-
vestigate the presence of traT and cytotoxic necrotising factor-2 (CNF2) virulence genes by multiplex polymerase chain reaction
(PCR). Milk samples collected from a total of 1028 apparently healthy ruminants (737 cows and 291 sheep) in eastern Turkey were
streaked onto 5% sheep-blood agar. E. coli was isolated and identified by biochemical tests in 5.9% (61/1028) of milk samples.
Correct amplification with the molecular length of 232 bp was obtained from all E. coli isolates by the species-specific PCR. The
isolation rates of the agent were calculated to be 7.6% (56/737) in cows and 1.7% (5/291) in sheep. The difference between these
proportions was statistically significant (p<0.001). Multiplex PCR showed that traT and CNF2 genes were present in 62.3% and

6.6% of all isolates, respectively. Both genes were present in 16.4% of the isolates, with only 14.7% having neither gene.
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1. Introduction

Mastitis is the inflammation of mammary gland as-
sociated mostly with microbial infections. The eradica-
tion of mastitis in cows and sheep is difficult owing to its
complex aetiology. It is of great economic significance
particularly in the dairy industry worldwide, causing
millions of dollars in losses due to reduced milk pro-
duction, treatment costs, culling and death. An annual
cost of approximately £170 million has been estimated
in the dairy cow population of the UK due to clinical
mastitis (Bradley, 2002). Losses associated with sub-
clinical mastitis, which are difficult to estimate, should
also be considered in order to have a better under-
standing of the economical impact of mastitis, which has
been reported to be responsible for nearly 40% of total
costs of common production diseases (Kossaibati and
Esslemont, 1997). It must be underlined that mastitis is
important for public health too, as the massive use of
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antibiotics in the treatment of food producing animals
may contribute to the emergence of resistant bacteria
entering the food chain (White and McDermott, 2001).

In recent years, the incidence and prevalence of
contagious mastitis has been reduced due to strict con-
trol programmes, but environmental mastitis continues
to cause serious problems in the dairy industry
throughout the world (Bradley, 2002). Escherichia coli is
the main causative agent of environmental mastitis and
has been reported to be responsible for 35% of clinical
cases in bovine mastitis compared to 10% caused by
contagious pathogens in the UK (Bradley and Green,
2001). In Israel, coliform mastitis has been reported to
account for more than 60% of clinical mastitis (Shpigel
et al., 1998). The increase in the incidence of E. coli
associated mastitis is thought to be due to routine use of
dry-cow therapy and to post-milking teat dipping which
is considered as an effective method to reduce mastitis
caused by Gram positive microbes but is not equally
efficient against Gram negative bacteria including E. coli
(Erskine and Eberhart, 1991; Fang and Pyorala, 1996).
In contrast to the UK and Israel, the prevalence of en-
vironmental mastitis associated with E. coli has been
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estimated to be less than 10% compared with more than
50% of contagious mastitis (caused by Staphylococcus
aureus, Staphylococcus epidermidis, Streptococcus aga-
lactiae, Streptococcus disgalactiae) in dairy cattle and
sheep populations of Turkey (Arda and Istanbulluoglu,
1979; Baysal and Kenar, 1989; Gulcu and Ongor, 2002;
Turutoglu et al., 1995).

Clinical signs of mastitis caused by E. coli may vary
from mild to very severe, occasionally fatal forms and
various virulence factors of the agent may play role in
this. Previous studies have mainly concentrated on the
phenotypic expression of virulence factors and serum
resistance has been suggested as the major virulence
factor for E. coli mastitis (Barrow and Hill, 1989; Fang
and Pyorala, 1996). The traT gene encodes an outer
membrane protein which is believed to play a role in
serum resistance (Pramoonjago et al., 1992). However,
some studies failed to establish an association between
the presence of traT and serum resistance (Nemeth et al.,
1991; Pfaff-McDonough et al., 2000). This gene has been
reported in mastitic milk in high proportions (Kaipainen
et al., 2002; Nemeth et al., 1991). Some E. coli strains
which are able to produce two types of cytotoxic nec-
rotising factors (CNF1 and CNF2) are classified as
necrotoxigenic E. coli (NTEC). Although the role of
these toxins in the pathogenesis of E. coli is yet to be
clarified, CNF2 has been reported to be present in
strains isolated from diarrhoeic and septicaemic cases
(Orden et al., 1999; Pohl et al., 1993). However, the fact
that this toxin gene has also been found in E. coli present
in the normal intestinal flora of healthy ruminants
(Blanco et al., 1998; Burns et al., 1996) casts doubt on
the role of NTEC in diarrhoea. The presence of CNF2-
producing E. coli strains in mastitic milk has rarely been
reported (Kaipainen et al., 2002; Pohl et al., 1993).

Recent advances in molecular biology, in particular
the development of the polymerase chain reaction
(PCR), have facilitated the investigation of virulence
factors of pathogenic E. coli strains isolated from in-
testinal and extra intestinal infections including mastitis
(Kaipainen et al., 2002; Orden et al., 1999). The objec-
tives of the present study were to isolate E. coli from
milk of apparently healthy cows and sheep and to in-
vestigate the presence of traT and CNF?2 virulence genes
by multiplex PCR.

2. Materials and methods
2.1. Material

Milk samples were collected from a total of 1028 ap-
parently healthy ruminants (737 cows and 291 sheep),
chosen randomly in Elazig province located in eastern
Turkey between May and November 2002. No abnor-
malities were observed to suspect clinical mastitis in all

the animals. The cows sampled here were Holstein breed
and aged between 5 and 7 years, while the sheep were local
breeds and aged between 3 and 5 years. All the animals
were at the late stage of lactation. All necessary hygienic
precautions were taken in order to avoid cross-contami-
nation during sample collection. The samples were im-
mediately transported to the laboratories and were
processed for culture.

2.2. Culture and biochemical identification

Milk samples were inoculated on blood agar base
(Merck, Darmstadt, Germany) supplemented with 5%
defibrinated sheep blood. After the incubation of plates
aerobically for 24 h at 37 °C, suspicious colonies were
transferred onto eosin methylene blue (EMB) agar and
MacConkey agar for further identification. Then, rou-
tine biochemical tests, i.e. catalase, oxidase, citrate, H,S,
methyl red, indole and Voges—Proskauer (VP) tests were
carried out to identify the isolates. The colonies that
were identified as E. coli were kept at —20 °C within
glycerol nutrient broth.

2.3. DNA extraction and PCR

A few colonies from each isolate were transferred into
an Eppendorf tube containing 300 pl distilled water,
300 pl of TNES buffer (20 mM Tris, pH 8.0, 150 mM
NaCl, 10 mM EDTA, 0.2% SDS) and Proteinase K (200
png/ml). This suspension was incubated at 37 °C for 2 h.
Following 10 min of boiling, the same amount of phenol
(saturated with Tris—-HCI) was added to the suspension.
The suspension was shaken vigorously by hand for
5 min and then, centrifuged at 11,600g for 10 min. The
upper phase was carefully transferred into another Ep-
pendorf tube and sodium acetate (0.1 volume) and eth-
anol (2.5 volumes) were added to the suspension which
was left at 20 °C overnight to precipitate the DNA. The
pellet, obtained following the centrifugation at high
speed for 10 min, was washed twice with 95% and 70%
ethanol respectively, each step followed by 5 min cen-
trifugation. Finally the pellet was dried and resuspended
in 50 pl of distilled water.

The PCR was performed in a touchdown thermocy-
cler (Hybaid, Middlesex, England) in a total reaction
volume of 50 pl containing 5 pl of 10x PCR buffer
(750 mM Tris—HCI, pH 8.8, 200 mM (NHy4),SO4, 0.1%
Tween 20), 5 ul 25 mM MgCl,, 250 uM of each deox-
ynucleotide triphosphate, 1.25 U of Tag DNA Poly-
merase (MBI, Fermentas), 1 uM of each primer and 5 pl
of template DNA. A pair of primers derived from 16S
rRNA gene of E. coli (Riffon et al., 2001) was used to
identify isolates. Two pairs of primers specific to traT
and CNF2 genes (Kaipainen et al., 2002) were used in
the multiplex PCR. Two amplification procedures were
applied. In the first PCR using species specific primers,
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amplification was obtained with 35 cycles following an
initial denaturating step at 94 °C for 2 min. Each cycle
involved denaturation at 94 °C for 45 s, annealing at
64 °C for 1 min and synthesis at 72 °C for 2 min. In the
multiplex PCR, amplification was obtained with 25 cy-
cles involving denaturation at 95 °C for 2 min, annealing
at 55 °C for 1 min, and synthesis at 72 °C for 1 min.

The amplified products were detected by ethidium
bromide (0.5 pug/ml) staining after electrophoresis at
80 V for 2 h in 1.5% agarose gels. PCR products with the
molecular size of 232, 307 and 654 bp were considered
indicative for identification as E. coli, traT positive
E. coli and CNF2 positive E. coli, respectively.

2.4. Statistical analysis

A chi-squared () test was used to estimate differ-
ences between the isolation rates of E. coli in cows and
sheep, whereby a probability of less than 0.05 was
considered as statistically significant.

3. Results

Escherichia coli was isolated and identified by bio-
chemical tests in 5.9% (61/1028) of milk samples collected
from cows and sheep. All 61 isolates were catalase, indole
and methyl red positive, oxidase, citrate, H,S and VP
negative. They all produced distinctive metallic sheen on
EMB agar and bright pink colonies on MacConkey agar.
The isolation rates of the agent by species were estimated
to be 7.6% (56/737) in cows and 1.7% (5/291) in sheep.
The difference between these proportions was statistically
significant (p = 0.0006). Correct amplification with the
molecular length of 232 bp was obtained in the analysis of
all the isolates by the species specific PCR which con-
firmed the results of biochemical tests.

In multiplex PCR, traT and CNF2 genes were de-
termined to be present in 62.3% and 6.6% of all isolates,
respectively. While 16.4% of the isolates were containing
both genes, in only 14.7% neither gene was present
(Fig. 1). The distribution of the virulence genes by ani-
mal species is shown in Table 1.

4. Discussion

Although the potential role of E. coli in clinical
mastitis has been well documented, there is a paucity of

Table 1

654 bp

307 bp

Fig. 1. An ethidium bromide-stained agarose gel of multiplex PCR
products showing the virulence genes in E. coli strains isolated from
milk samples of cows and sheep. M: molecular marker (DNA ladder,
100 bp); lanes 1, 5, 8: traT and CNF?2 positive E. coli; lanes 3, 6: CNF2
positive E. coli; lanes 4, 7: traT positive E. coli; and lane 2: negative
control (distilled water).

information on the role of this agent in subclinical
mastitis. This study investigated the presence of E. coli,
the most prevalent bacterial species isolated from clini-
cal mastitis in many countries including the UK, in milk
of cows and sheep located in eastern Turkey and the
overall isolation rate was determined to be approxi-
mately 6.0%. As there were no detectable abnormalities
during the palpation of mammary gland of animals, it
could be said that none of the animals sampled in this
study had clinical mastitis. Although no attempts were
made to determine somatic cell counts, bacterial culture
results suggest that this proportion could be interpreted
as the representative of prevalence of subclinical mastitis
caused by E. coli. We also searched the presence of traT
and CNF2 genes that were previously reported to be the
most common virulence factors in mastitic milk samples
(Kaipainen et al., 2002). Although there are a wide
range of different virulence factors which may play role
in the pathogenesis of E. coli in mastitis, inclusion of
other genes was beyond the scope and budget of this
study. Despite this, only a small proportion (14.7%) of
E. coli isolates was determined to possess neither viru-
lence factor analysed.

Multiplex PCR results showing the distribution of virulence genes by animal species

Species (No. of isolates) traT gene (%)

CNF2 gene (%)

traT + CNF2 (%) Negative (%)

Cows (56) 35 (62.5) 3(5.3)
Sheep (5) 3 (60) 1 (20)
Total (61) 38 (62.3) 4 (6.6)

10 (17.9) 8 (14.3)
- 1 (20)
10 (16.4) 9(14.7)
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The isolation rate of E. coli was significantly higher in
cows than in sheep. As in other parts of the world, bo-
vine mastitis has been paid more attention in Turkey
when compared with ovine mastitis due possibly to its
higher incidence and therefore to its more severe eco-
nomical consequences in cows. The proportion (7.6%)
obtained in this study was slightly lower than those of
8% and 10% reported in previous studies carried out in
different parts of the country (Arda and Istanbulluoglu,
1979; Turutoglu et al., 1995). However, it should be
underlined that the latter figures were estimated from
the examination of cows with clinical mastitis. In this
respect, it could be said that E. coli accounts for similar
proportions of clinical and subclinical mastitis in dairy
cows in Turkey.

There is a dearth of information on the prevalence,
distribution and causative agents of mastitis in sheep
population of Turkey. In a few studies carried out in
different regions, E. coli has been implemented as the
causative agent in 6% to 10% of clinical mastitis in sheep
(Baysal and Kenar, 1989; Gulcu and Ongor, 2002).
These proportions were higher than that (1.7%) calcu-
lated in apparently healthy sheep in the present study.
These figures suggest that E. coli in subclinical mastitis
in sheep is less frequent compared with clinical mastitis
in Turkey. In contrast, E. coli has been reported to be
responsible for 20% of subclinical mastitis in sheep
populations of southern Jordan (Al-Majali and Jawab-
reh, 2003). It is possible that some factors such as cli-
mate, sampling, management and nutrition differences
might have contributed to this. In addition, the number
of sheep examined here is rather small to draw a firm
conclusion about the potential role of E. coli in sub-
clinical ovine mastitis in Turkey.

The proportion of E. coli isolates with only traT gene
was calculated to be 62%. When the isolates carrying
both genes were also considered, the percentage rose up
to 78.7% (48/61). This was significantly higher than the
37% and 41% reported in Finnish and Israeli cattle, re-
spectively (Kaipainen et al., 2002). The detection of traT
gene in a high proportion of isolates of mastitis origin
may indicate a role for the gene in the pathogenesis of
mastitis caused by E. coli, because this gene has been
linked with serum resistance and more than 60% of
strains isolated from mastitis have been reported to be
serum resistant (Fang and Pyorala, 1996; Nemeth et al.,
1991; Pramoonjago et al., 1992). However, there is some
controversy regarding the association of traT and serum
resistance (Nemeth et al., 1991; Pfaff-McDonough et al.,
2000).

The CNF2 gene has been shown to be very common
in faeces of ruminants with diarrhoea and with no health
problems (Orden et al., 1999; Pohl et al., 1993). How-
ever, very few studies are available reporting the pres-
ence of CNF?2 in isolates from mastitic cases. This gene
was calculated to be present in 6.6% of E. coli strains

isolated from milk samples in the current study. When
the isolates carrying both genes were considered, this
percentage was calculated as 23% (14/61). This figure
was relatively higher than those of 14% and 3.5% re-
ported in Finnish and Israeli cattle, respectively (Kai-
painen et al., 2002). It is likely that the CNF2
synthesizing E. coli strains in milk were originated from
faecal contamination.

Although it has widely been accepted that E. coli is an
opportunistic intramammary pathogen with environ-
mental origin, the latest reports of recurrent cases of
mastitis associated with E. coli (Bradley, 2002; Dopfer et
al., 1999) suggest that the agent is changing its behav-
iour and perhaps carrying contagious character which
needs to be investigated in detail. Also, large scaled
studies are necessary to improve our understanding of
the potential role of E. coli and relevant virulence fac-
tors in the aectiology of both clinical and subclinical
mastitis in cows and sheep and to provide quantitative
data on the economical significance of this disease
complex which may help develop effective control and
eradication strategies.
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