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ABSTRACT
Over a 2-year period, from January 2011 to May 2013, a total of 1094 faecal swab samples were collected from cattle at
different age at 4 farms in North Bulgaria: Okorsh, Slavyanovo (Popovo municipality), Dobri dol and Trem. Out of them, 36
coli strains (3.3%) positive in the E. coli O:157 antiserum agglutination test and identified by the BBL CRYSTAL identification
system as belonging to the E. coli O:157 serotype were isolated. The distribution of isolates was as followed: 5 (0.5%) E. coli
O:157 strains at the Okorsh dairy cattle farm, 7 (0.6%) E. coli isolates at the Slavyanovo dairy farm, 16 (1.5%) isolates at the
Dobri dol farm and 8 (0.7%) isolates at the Trem farm. Colibacteria exhibited 100% sensitivity to oxyimino-cephalosporins,
gentamicin and enrofloxacin, and were resistant to ampicillin (19.4%) and tetracycline (41.6%). From the 15 strains resistant
to tetracycline, 11 were isolated from the cows at Dobri dol, while the other 4 originated from the other three farms. The 7
ampicillin-resistant E. coli isolates were detected only at the Dobri dol cattle farm.
Key words: EHEC, cattle, antibiotic resistance

INTRODUCTION
In 1982, the identification of a new intestinal
pathogen, E. coli O157: H7, involved in the etiology
of two disease outbreaks related to haemorrhagic
colitis in humans, was reported (1). During the
next decade, this intestinal bacterium was outlined
as a pathogen of public health importance in a
number of countries in North America and Europe.
Soon after that, researchers described other coli
serotypes of similar pathogenicity and the entire
group was termed as enterohaemorrhagic E. coli
(EHEC). E. coli O157:H7 is the most commonly
investigated member of this group. The haemolytic
uraemic syndrome was first described in 1955
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in Switzerland (2). Coli strains involved in the
etiology of haemorrhagic uremic syndrome were
also classified in the EHEC group. Levin et al. (3)
determine the E. coli O157:H7 and E. coli O26:H11
serotypes as enterohaemorrhagic coli bacteria.
Tzipori et al. (4) proposed also to include O4:NM,
O45:H2, O111:NM, and O145:NM serotypes to this
group.
The term enterohaemorrhagic E. coli bacteria
applies to strains, which, similar to E. coli O157:H7
produce one or more Shiga-like toxins, as well as
possess a 60-MDa plasmid linked to pathogenicity
and are able to form A/E type lesions in the
intestinal mucosa. Like the enteropathogenic E. coli
bacteria (EPEC), the members of the EHEC group
initially adhere to intestinal mucosal surface in
local areas, then adhere more deeply and destroy
the intestinal microvilli. The initial adherence of
EHEC is mediated by the 60-MDa plasmid while
the subsequent adherence to the mucosa is a
chromosome-determined event.
Another feature of EHEC virulence is
the production of Shiga-like toxin similar to
that produced by Shigella dysenteriae type 1.
Konowalchuk detected shiga-producing E. coli as
early as in 1977, before the elucidation of the role of
toxins in bacterial virulence. He introduced the term
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verotoxins due to the cytotoxicity of strains when
they are cultivated in Vero cells.
Both types of shiga-toxic factors, Shiga-like
toxin I and Shiga-like toxin II, killing both Vero and
HeLa cells, induce fluid accumulation in ligated
rabbit intestinal loops, and are lethal for mice
and rabbits (5, 6, 7, 8, 9, 10). Both toxic factors
differ antigenically as well as with respect to their
biological effect. The second shiga-like toxin is less
toxic for Vero cells but at the same time, is more
toxic for mice and causes hemorrhagic colitis in
rabbits. Genes, determining the production of both
toxins are located in bacteriophages, which allows
obtaining the toxins from E. coli O157:H7 by
transfer of bacteriophages. The genes responsible
for the production of shiga-like toxin type I are
similar to those encoding shiga-toxin production in
Shigella, while the homology for shiga-like toxin
type II is 58%. It is believed that the shiga-like toxin
produced by E. coli causing the pig oedema disease
is a variant of shiga-like toxin type II which implies
the existence of different cell receptors.
Dairy cattle are one of the main E. coli O157:H7
reservoirs (11, 12). Therefore, bovine foodstuffs are
considered as important risk factor for human disease
outbreaks. Animals are asymptomatic vectors for
many representatives of the EHEC groups, and some
E. coli strains other than EHEC could induce disease
in young animals. For instance, the members of the
O153 group cause a disease, similar to the human
HUS in rabbits. The distal part of the rectum of
so-called calves “super shedders” of E. coli O157:H7
is heavily colonized for a long period of time. A
similar colonisation by E. coli O157:H7 could be
observed in sheep. Animals, which are not natural
reservoirs of this serotype could serve as secondary
natural reservoirs. Apart from the consumption of
contaminated foods, humans could be infected
through contaminated water, direct contact with
animals, with faecal masses and contaminated
soils. The direct man to man transmission could
occur during an epidemic. Human infections were
described in connection with consumption of nonpasteurised goat milk, dry pork sausages, and after
direct contact with horses, poultry and rabbits. It
is assumed that the infectious doses for men could
be less than 100 bacterial cells, even about 10
cells. Contaminated vegetables (spinach, lettuce,
radishes) as well as non-pasteurised fruit juices
could also pose a risk for infection to men. Data for
contamination by herbs, e.g. parsley are reported.
Drosophila melanogaster could spread the bacteria
and in cases of impaired integrity of tissues, for
instance in apples, the pathogens could develop.
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It is acknowledged that E. coli O157:H7 could
survive for 9 months in veal at -20 оС. They exhibit a
certain tolerance to acid environments, which could
explain their persistence for weeks in mayonnaise,
acid sauces, apple juice, and fresh cheeses at fringe
temperatures. These bacteria are also resistance to
drying. Cases of disease in humans are described
also after swimming in pools and lakes (13).
With respect to the other EHEC serotypes,
there are a lot of unexplained facts about their
epidemiological status. For example, the main
natural reservoirs of EHEC O26 are cattle, sheep,
pigs, goats, rabbits and poultry. They are isolated
from both healthy and diarrhoeic animals. Disease
outbreaks in humans have been reported after
consumption of beef products and non-pasteurised
cow milk, as well as after direct contact with animals
and drinking water contaminated with faeces.
ЕHEC O103 strains are isolated from calves,
sheep, goats, as well as healthy and diseased humans
(10). It could be claimed that EHEC O157: H- strains
are rarely isolated from the feces of cattle and horses,
although human outbreaks after consumption of
sausage or close contact with infected cows and
horses have been reported. This fact gave ground to
believe that in such cases, humans could also serve
as reservoir of infection (14).
The available data for the prevalence of VTEC
in animals and food contamination rates in Europe
originate from various sources, such as public health
sector, veterinary and research labs. This complicates
the analysis and necessitates coordination of
programmes dealing with research on foods, official
food control, monitoring programmes and research
projects.
One of the first source of information with
this regard was the European Community System
for Monitoring and Collection of Information on
Zoonoses, created by Council Directive 92/117/ECC.
The directive includes the rules for sample
collection, analysis and annual reporting associated
with specific zoonoses, zoonotic agents in animals,
foods and feeds in EC member states. In order to
improve the information system, a new Zoonoses
Directive 2003/99 was created, brought into force
on 12 June 2004. At present, the system monitors 16
zoonoses, including VTEC.
Microbiological
examinations
associated
to zoonotic agent monitoring could include the
so-called sentinel studies, determining the trends
in human morbidity rates, the so-called baseline
prevalence in primary site of production and at
a later stage, in the food chain, investigations on
good production practices, determination of control
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measures’ effect etc. The criteria of the EC Zoonoses
Directive monitoring programmes include detection
of the zoonotic agent in the animal population,
in feeds, foods, the adverse effect in men, the
economic impact for animals and human health, for
the business related to feeds and foods production,
epidemiological trends for animal populations, for
men, feeds and foods.
Therefore, the investigation of VTEC O157
prevalence among animal populations and some
foods of animal origin is a task of primary
significance, which could consequently set the
diagnostic strategy for investigation of the other
factors. The purpose of the present study was to
investigate for a two year period 2011-2013, the
prevalence of E. coli O157 among cattle in some of
the biggest farm in North Bulgaria, and to evaluate
the sensitivity of isolates to some major classes of
antibacterial drugs.

MATERIAL AND METHODS
Number of samples
For the period of the study, from January 2011
to May 2013, a total of 1094 faecal swab samples
were obtained from cattle at different ages in four
cattle farms in North Bulgaria – the villages Okorsh,
Slavyanovo (municipality of Popovo), Dobri dol
and Trem.
Samples were distributed as follows:
Okorsh village – 300 swab samples (30 from
heifers, 10 from dry cows, 10 from suckling calves,
50 from 6-month-old calves and 200 from cows);
Slavyanovo village (municipality of Popovo)
– 300 swab samples (30 from suckling calves, 100
from 6-month-old calves, 100 from heifers, and 70
from cows);
 Dobri dol village – 194 swab samples from
calves 3 to 6 months of age;
 Trem – 300 swab samples (140 from calves
3 to 6 months of age; 70 from heifers and 90 from
cows).
Nutrient media and microbiological consumables
The initial inoculation of swab samples was done
on tryptic soy broth (Difco, USA) and McConkey
agar with sorbitol (Difco, USA). For identification
of sorbitol-negative coli bacteria on McConkey
agar with sorbitol, indole motility medium (NCPID,
Sofia) was used, as well as triple sugar iron agar
medium (Merck, Germany), Simmons citrate agar

(NCPID, Sofia), the methyl rot and Voges–Proskauer
tests, panels of BBL CRYSTAL (Becton Dickinson,
USA) for identification of enterobacteria and nonfermenting bacteria. Isolates were serotyped by
means of the agglutination test with E.coli О157
antiserum, Difco, USA, as per manufacturer’s
instructions.
The sensitivity of isolates to antimicrobial drugs
was tested by disc-difusion method, on MullerHinton agar and antibiotic disks (Еmapol, Poland).
Antibiogrammes were done with the following disks:
ampicillin 10 μg, cefotaxime 30 μg, ceftazidime
10 μg, gentamicin 10 μg, enrofloxacin 5 μg and
tetracycline 30 μg. Antibiogrammes were prepared
in compliance with the Performance standards
for antimicrobial disk and dilution susceptibility
tests for bacteria isolated from animals, approved
standard-Third Edition, M31-A3, №6, Clinical and
Laboratory Standards Institute, Wayne, PA. The
MICs to ampicillin and tetracycline were determined
by the E-test, Liofilchem, Italy. The reference E. coli
ATTC 25922 strain was used for disk diffusion test
control and MICs determination (18).

RESULTS
Profile of sorbitol-negative strains isolated from
the 4 studied farms
Out of the 1094 examined faecal swab samples,
36 (3.3%) sorbitol-negative strains were isolated,
which were positive in the agglutination test with
E. coli O157 antiserum and were identified by the
BBL CRYSTAL system as belonging to the E. coli
O:157 serotype. The distribution of isolates was as
followed:
 In the Okorsh cattle farm – 5 E. coli O: 157
isolates (0.5%, CL- 0.08%÷0.9%) – 2 from cows
and 3 from heifers;
 In the Slavyanovo farm – 7 E. coli O:157
isolates (0.6%, CL- 0.5%÷0.7%) – 2 from calves 3
to 6 months of age and 5 from heifers;
 In the Dobri dol farm – 16 E. coli O:157
isolates (1.5%, CL- 1.2%÷1.8%) – all from calves 3
to 6 months of age
 In the Trem farm – 8 E. coli O:157 isolates
(0.7%, CL- 0.6%÷0.8%) – 4 from calves 3 to 6
months of age and 4 from heifers
The structural profile of E. coli O:157 isolates
from the four studied farms is presented in Table 1.
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Table 1. Structural profile of cattle EHEC isolates
Number of samples/EHEC
Age groups/studied
animals
Suckling calves

Okorsh farm
number of
samples/EHEC
10/0

Slavyanovo farm
number of
samples/EHEC
30/0

Dobri dol farm
number of
samples/EHEC
-

Trem farm
number of
samples/EHEC
-

50/0

100/2

194/16

140/4

Calves 3-6 mo. of age
Heifers

30/3

100/5

-

70/4

Cows

210/2

70/0

-

90/0

TOTAL number of
samples/EHEC

300/5

300/7

194/16

300/8

Investigations on the sensitivity of cattle EHEC
isolates to antimicrobial drugs
Table 2 presents the results about the
sensitivity of studied EHEC isolates from cattle
to 6 antimicrobial drugs. The interpretation was in
two groups – sensitive and resistant. The isolates
in the respective groups are given in percent and
confidence limits. When selecting the antibiotic
disks, we focused on beta-lactam antibiotics and
3rd generation cephalosporins with regard to the
possibility for phenotyping isolates as producers
of ESBL and AmpC enzymes, and we also
included representatives of the different classes of

antimicrobial drugs. The results were interpreted as
per EUCAST recommendations (Epidemiological
values).
The results from the disk diffusion test were
presented through cumulative curves of ampicillin
(Fig. 1) and tetracycline (Fig. 2) in resistant cattle
EHEC isolates. The strains were 100% sensitive to
the other tested antimicrobial drugs – oxyiminocephalosporins, gentamicin and enrofloxacin. From
the 15 isolates resistant to tetracycline, 11 originated
from the Dobri dol farm and 4 – from the other three
farms. All seven ampicillin-resistant EHEC strains
were from the Dobri dol farm.

Table 2. Sensitivity of cattle EHEC isolates to antimicrobial drugs
Antibacterial drugs

Sensitive isolates (%)/CL

Resistant isolates (%)/CL

Ampicillin

80.6/66.3÷91.6

19.4/8.3÷33.6

Cefotaxime

100

-

Ceftazidime

100

-

Gentamicin

100

-

Tetracycline

58.3/42.1÷73.6

41.7/26.2÷57.9

Enrofloxacin

100

-

Legend: CL - Confidence limits

Figure 1. Cumulative curve of ampicillin in cattle EHEC strains
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Figure 2. Cumulative curve of tetracycline in cattle EHEC strains

Figure 1 shows that the diameters of inhibition
zones for ampicillin ranged between 22 mm and
6 mm. A bimodal pattern of behaviour was present.
The inhibition zones beyond which 50% and 90%
of strains were located, were 18 mm and 7 mm
respectively.
Figure 2 depicts that inhibition zones of
tetracycline ranged between 26 mm and 6 mm.
The inhibition zones beyond which 50% and 90%
of strains were located, were 19 mm and 7 mm
respectively.
In connection with the resistance of EHEC
isolates determined in the disk diffusion test to
tetracycline (15 strains, 41.6%) and ampicillin (7
strains, 19.4%), the MICs of both antibiotics were
determined. The data are presented in Table 3. Out
of the 7 ampicillin-resistant strains, 5 had MIC of 16
μg/mL, one – of 32 μg/mL and one – of 64 μg/mL.
Out of the 15 tetracycline isolates, 9 had MIC-of
16 μg/mL, 3 – of 32 μg/mL, 2 – of 64 μg/mL and
1 – of 128 μg/mL.

DISCUSSION
The aforementioned circumstances determined
that a major part of E. coli O157 infections in humans
are associated with consumption of contaminated

animal foods after inadequate thermal processing
and/or the consumption of contaminated water
(19, 20, 21, 22, 23). Although the contamination
at the farm level is believed to be minor (24), the
risk for contamination of beef increases during
transportation and the period of gathering of animals
to slaughterhouses, and the end of the slaughter
process. These facts are essential for investigations
on the prevalence of EHEC in farm animals.
According to EFSA (15, 17) the prevalence
of VTEC among the population of Europe is very
low, 1.2 per 100,000. Nevertheless, EFSA declared
the intestinal bacterial pathogens to be important
zoonotic agents, usually affecting children and
elderly people. According to Hussein and Bollinger
(16) the worldwide prevalence of VTEC О157 in
fecal swab samples ranged between 0.2 and 27.8%
and for VTEC, other than О157 - from 2.1 to 70.1%.
Data from the international network Enter-net,
founded by DG SANCO, European Commission
in 2006 shows some differences in the data from
EC countries with respect to VTEC infections.
Regardless of the fact that more than 50% of EHEC
infections in continental Europe are attributed
to the О157 serotype, and that for countries like
Belgium, France, Finland, Hungary, Netherlands,
Sweden, Spain, O157 is the main serotype (data
from Enter-net, 2005), in Denmark, Germany, Italy,

Table 3. MIC of ampicillin and tetracycline in cattle EHEC strains
MIC/ μg/mL

Antimicrobial
Drugs

16

32

64

Ampicillin

0.01

0.03

0.06 0.125 0.25

0.5

1

2

4

8

5

1

1

Tetracycline

9

3

2

128

256

1
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Norway and Luxemburg, other serotypes are more
commonly reported. After the first epidemiological
study on the prevalence of E. coli O157 among
cattle, Montenegro et al. (25) affirmed that
bovine population could be considered as the
primary reservoir of VTEC. Other authors also
suppose that cattle are the main reservoir of E. coli
O157:Н7, especially during the summer season
(26, 27, 28, 29).
Low prevalence (0.28%) of E. coli O157 was
established among cattle in the USA (29). In a
15-month survey on the prevalence of coli bacteria
from the O157 serotype among the different
categories of cattle at one farm, Mechie et al. (30)
demonstrated a prevalence between 0% and 13.5%
in dairy cows, between 0% and 68% in heifers and
between 0% and 56.3% in calves. In our studies, we
also observed EHEC in calves aged 3 to 6 months in
three of the four studied farms (4.5%), and in heifers
in three of farms (6%).
A critical analysis of data from 26
epidemiological surveys on the presence of E. coli
O157:Н7 among cattle in different regions of the
world was performed (31). The data for North
America showed that a prevalence for dairy cows
of 7-8% and a high prevalence among feedlot
calves –61%. In the same analysis however, other
data from USA showed a low E. coli O157:Н7
incidence in suckling calves (1.5%) and varying
values in calves older than 8 months (1.8% to 5%).
The prevalence among heifers was 2.3%, while in
adult cows, it declined markedly up to 0.7%. In the
opinion of the authors, data originating from Europe
also evidenced a higher prevalence among younger
animals. In adults, the incidence of E. coli O157:Н7
was between 0 and 1%. We could hardly compare
our data with those reported by Broseta et al. (31)
4.5% prevalence for calves 3-6 months, 6% for
heifers and 0.5% for cows, as the information of the
latter refers to a high number of farms, but it could
be stated anyway that reported rates are comparable.
The investigations on the subject, carried out in
different regions of the world (26, 28, 32, 33) also
established higher prevalence of EHEC O157:H7
in calves aged 3 - 6 months. Hancock et al. (22)
believe that heifers carried a significant amount
of EHEC O157:H7 (CFU/g), compared to other
categories of cattle. Ezawa et al. (34) outlined that
the overall prevalence of EHEC O157:H7 among
cattle in Japan (5-10%), but that heifers exhibited
higher rates (32-46%). In Italy, a prevalence of 16%
among cows was reported (35). According to Wray
et al. (36), the shedding of EHEC in adult cows
was shorter and no more than 2 weeks, whereas
the shedding in weaned calves lasted for more than
58 days. Alali et al. (37) affirmed that in calves
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experimentally infected with EHEC O157:H7, and
calves fed milk replacer, an enhanced shedding
of the pathogen occurred on the 6th and 10th day
after the infection compared to calves fed milk.
In England and Wales, Paiba et al. (38) reported
EHEC O157:H7 prevalence rates at the farm level
within a large range (from 1% to 51%,) with highest
percentage among calves 2-6 months of age and
lowest rates – among calves up to 2 months of
age. In the Netherlands, the 2-year survey at the
slaughterhouse level showed a 10% prevalence of
EHEC serotype 0157 in cows (39).
In comparison with the data of Johnsen et al.
(40) evidencing a lower individual prevalence of
E. coli O157:Н7 – 0.19% and a correspondingly
lower prevalence at the farm level (0.35%) in 15421
cattle in Norway, our data for the prevalence of coli
bacteria from the О157 serotype in studied cattle at
the farm level was higher, for Okorsh farm it was
1.6 %, for Slavyanovo -2.3%, Dobri dol -8.2% and
for Trem- 2.6%.
The PhD thesis of Eriksson, Swedish University
of Agricultural Sciences, Uppsala (41) has
determined a prevalence of EHEC O157 in cattle
at slaughterhouses for 2008-2009 of 3.3%, which
agrees completely with our data for the two-year
survey period, as well as with respect to the total
number of examined faecal swab samples.
In the USA, it found out that 70% of EHEC
0157 isolates from cattle were resistant to
streptomycin, sulfamethoxazole and tetracycline
(42). Furthermore, the authors included the
resistance of ampicillin, kanamycin and ticarcillin
in resistant phenotype profiles of coli bacteria.
With respect to the sensitivity of E. coli isolates,
the data from the present study are comparable
to those of other authors (42, 43), except for the
reported resistance to ceftazidime. In this study,
the authors sought differences with respect to
antimicrobial resistance of enterohaemorrhagic
E. coli on the basis of the super-shedding (≤104 CFU)
and low-shedding criteria. In the first group of
isolates they determined resistance to ceftazidime,
and for both groups the most common phenotype
profiles included ampicillin, sulfamethoxazole,
streptomycin and tetracycline, as well as the
combination trimethoprim/sulfamethoxazole. Similar
to the data from the present study, they did not
observe resistance of enrofloxacin in studied coli
strains. In Korea, You et al. (44) determined that
cattle EHEC 0157 were most frequently resistant
to streptomycin, tetracycline, sulfamethoxazole,
ampicillin, kanamycin, cefalotin, ticarcillin and
sulfamethoxazole.
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The resistance to beta-lactam antimicrobial
drugs is essential for trends for the spread of coli
bacteria producing beta-lactamases with broader
spectrum of activity. In our study, in contrast to
the aforementioned data, studied EHEC O157
strains showed no resistance to cephalosporins.
In the USA, Fitzgerald et al. (45) reported that
cattle EHEC 0157 isolates were resistant first
to tetracyclines, and second, to spectinomycin,
ampicillin and sulfonamides. They neither found
out resistance to cephalosporins. Data about the
sensitivity of cattle, pig and human EHEC 0157
isolates to antimicrobial drugs were published in
South Africa (46). Cattle isolates demonstrated the
highest percent of resistance to sulfamethoxazole
(100%), tetracycline (100%), ampicillin (25%) and
streptomycin (50%). The spread of resistance to
tetracyclines, aminoglycosides, sulfonamides and
lactam antibiotics in a number of intestinal bacteria
occurs through integrons transfer by conjugation,
facilitating the rapid dissemination among bacteria
(47). Considering these events, another important
aspect in studies on the prevalence of zoonotic
agents among animal populations is the investigation
of their resistance to antimicrobial drugs. Having in
mind the public importance of this phenomenon, a
number of regulations have been issued by the EC
institutions for monitoring of resistance to various
chemotherapeutic groups, which are essential for
the out-hospital spread of resistance. Therefore,
our study’s emphasis was placed on the markers
of resistance to oxyimino-cephalosporins due to
the recent wide public discussion on the topic in
European countries (48).
CONCLUSION
The prevalence of E. coli O157 between cattle
in the four investigated farms in the North part of
Bulgaria are low for cows 0.5%, in contrast with the
prevalence of this serotype for heifers 6% and for
calves 4.5%.
Taking into consideration the fact that the
period and the scope of our survey were limited,
the negative results with regard to the resistance
of coli bacteria to 3rd generation cephalosporins
could hardly be interpreted as optimistic. Moreover,
there are data at a national level about the approval
and use of cefquinome in dairy cattle farming and
ceftiofur in pig farming, which are prerequisites for
selective pressure and possibly at the background of
the onset and spread of resistance to cephalosporins.
At the Dobri dol farm, the resistance of ampicillin
and tetracycline is a reliable proof for future trends,
taking into account the mutation diversity with
respect to beta lactamase enzymes.
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