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Summary

The aim of the study was to evaluate the antibacterial activity of selected bacteriophages obtained from
poultry against selected Shiga-positive Escherichia coli strains isolated from calves under in vitro conditions.
Eight bacteriophages of the families Myoviridae and Siphoviridae, isolated from different poultry housing
systems in south-eastern Poland, were used in the experiment. Bacteriophage morphology was examined
with a transmission electron microscope on negative-stained slides with 2% silicotungstate. The range of lytic
activity against Shiga-toxin-producing strains of E. coli was determined by a plaque assay on double-layer top
agar plates. Twelve Shiga-toxin-producing E. coli strains isolated from calves were obtained from the National
Veterinary Research Institute in Pulawy (Department of Hygiene of Food of Animal Origin), and nine of our
own strains were collected from calves with clinical signs of diarrhoea in the Lublin region. The results obtained
showed that the phages specific to E. coli isolated from poultry express strong lytic antibacterial properties
against Shiga-positive E. coli isolated from calves. These phages exhibited complete lysis of E. coli strains
on double-layer agar plates. This result confirms the lack of a species barrier in the antibacterial activity of

bacteriophages, which suggests their usefulness in eliminating E. coli infections in cattle.
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Escherichia coli is the cause of a wide variety of
enteric and extraintestinal diseases in animals and the
most common cause of diarrhoea in farm animals (8).
Most E. coli strains in the normal flora of animals are
non-pathogenic, but Shiga-toxin-producing E. coli
(STEC) in the flora of cattle and other ruminants may
be highly pathogenic for humans and animals (23).
The pathogenicity of these bacteria is associated with
virulence genes encoded by plasmids, bacteriophages,
or pathogenicity islands (PAI). These genes include the
plasmid-encoded genes for enterotoxins and fimbriae
or pili, the phage-encoded genes for Shiga toxins (Stx
1, 2), and the PAl-encoded genes for the attaching
and effacing (AE) lesion in enteropathogenic E. coli
(EPEC) and enterohaemorrhagic E. coli (EHEC), as
well as the pap, hly, and cnf1 genes in uropathogenic
E. coli (UPEC) (10, 14, 21).

The most important problem in many infections is
an increase in antibiotic resistance among bacteria. The
prevalence of antibiotic-resistant bacteria has become
a serious problem in the treatment or control of infec-
tion in humans and animals. Antibiotic resistance in
bacteria has appeared following a widespread use of
antibiotics to treat numerous infections in humans
and animals (4, 29). For this reason, in many cases,
alternative methods are sought for the elimination of
pathogens with multi-resistance to commonly used
chemotherapeutics.

Phage therapy is presented as an alternative method
to antibiotic therapies against bacterial infections. If
they are obligate lytic phages or virulent phages, they
multiply in the host bacterium and lyse it at the end
of the cycle, immediately following the replication
of new phage particles. As soon as the cell has been
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destroyed, the new phages can find new hosts. In fact,
their replication depends exclusively on the infection
of a specific bacterial host and on the utilization of the
host’s intracellular machinery to translate their own
genetic code (1, 3, 5, 28).

Most phages are capable of a complete lysis of the
bacterial cell, comprising adsorption, penetration, syn-
thesis of the constituent components of phage lysis of
bacterial cells, and release of a mature bacteriophage
(22, 31). As bacteriophages are present in every kind
of environment (water, soil, plants and animals), their
acquisition is very easy (27, 30).

Many studies have shown the efficacy of bacterio-
phage therapy against pathogenic bacteria in humans
and animals, such as Campylobacter and Salmonella
infections (6, 13, 20), as well as infections of burn
wounds and skin caused by Pseudomonas, Staphylo-
coccus, Klebsiella, Proteus, E. coli, Salmonella, Lis-
teria monocytogenes (7,11, 17, 25) and Pseudomonas
plecoglossicida (24).

In experimental therapies, bacteriophages have
proven to be an effective tool in controlling diseases
in poultry, cattle, sheep, pigs and fish. In ruminants,
especially new-born calves and lambs, experiments
have confirmed a remarkable efficacy of phage therapy
in reducing infections caused by ETEC E. coli strains.
Experimental therapies using phages obtained from
the housing systems of infected animals significantly
reduced the intensity of disease symptoms (diarrhoea
and fever) and reduced mortality by about
15-67% (depending on the type of therapy)
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Tab. 1. Lytic titres of phages isolated from poultry and specific
for E. coli used in the study

No. Phage numbers Lytic titre pfu/ml
1. ba3 5.6 x 10°
2. bad 4.8 x107
3. bab 5.2x107
4. 106 1.92 x10°
5. 147 6.4 x10°
6. 148 1.6 x10°
7. 294 1.2x10°
8. 297 3.5x10°

Conkey agar, TSA and TBX, considered selective media
for Escherichia coli.

Bacteriophages. The antibacterial activity of eight
selected bacteriophages (ba3, ba4, ba6, 106, 147, 148, 294
and 297) from our own collection, belonging to the families
Myoviride and Siphoviridae, was evaluated on the basis of
their morphological structure. Lytic titres, evaluated by the
dilution method in SM buffer according to Golec et al. (12),
are shown in Table 1.

Bacteriophage morphology was examined with a trans-
mission electron microscope on negative-stained slides with
2% silicotungstate (32). For this procedure, we used 5 pul of
bacteriophage suspension in TM buffer, examined under an
electron microscope (Laboratory of Electron Microscopy,
Faculty of Biology, University of Gdansk).

Tab. 2. Lytic activity of phages on E. coli strains isolated from calves

(16). E. colistrain Phage numbers
The use of bacteriophages to eliminate LIS bad | ba4 | ba6 | 106 | 147 | 148 | 204 | 2907
pathogens depends on the type of bacteria. 1 6 - ++ - - ++ + ++ +
Most bacteriophages exhibit activity within 2 | 10 _ " _ - " - - -
a specific species or even serotype of bac- ; 16
. . = ++ ++ = ++ ++ ++ ++
teria. Some of them, however, may infect
more than one species of bacteria (9). 4| 2 = * * - - - - -
Given previous research showing that S| 2% + + + + + - - -
bacteriophages can easily be isolated from 6 | 27 + + - - + + - -
many sources for use as an alternatiye 7 29 ++ ++ ++ ++ ++ ++ -+ +
therapy against numerous pathogens with 8 3 N - - . . - _ _
resistance to antibiotics, the aim of the o “ B i B B B ) _
study was to determine the antibacterial i
activity of selected bacteriophages isolated | 10 | 51 + - - - - = + -
from poultry against Shiga-toxin-producing | 11 55 + + + + + + - -
E. coli strains isolated from calves under in | 12 c - - - ++ ++ - + +
vitro conditions. 13 c1 - - - - - - - -
Material and methods bz - - - - - *
. . 15 C2B + - - + - - - -
Bacterial strains. These were cultures of 12
Shiga-toxin-producing Escherichia coli strains 16 | 10N + - - - - - - -
taken from calves, obtained from Prof. J. Osek 17 | 82771 = + + = + = + +
of the National Veterinary Research Institute 18 | 82772 o o - - o n o o
in Pui'awy (Dgpartment of Hygiene of Fo.od 19 | 4126 . _ _ _ _ _ _ _
of Animal Origin), and 9 of our own strains
. .. . 20 Ref ++ ++ ++ ++ ++ ++ ++ ++
collected from calves with clinical signs of

diarrhoea. The bacteria were isolated on Mac-

Explanations: complete lysis (++), partial lysis with turbidity (+), no lysis (-)
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Detection of antibacterial activ-
ity. The range of lytic activity against
Shiga-toxin-producing strains of
E. coli was determined by plaque
assay on double-layer top agar plates
according to (15). Bottle flasks with
20 ml of LB broth were cultured with
200 pl of Escherichia coli bacterial
suspension in LB broth and then
incubated for 3 h in a shaker water
bath (120 rpm/37°C). After incuba-
tion, 1,600 ul of E. coli bacterial
cultures were added to 5 mL of sterile
top agar LB broth (cooled to 45°C)
containing 0.7% agar (Sigma, PL)
and 400 ul CaCl, (POCH, PL). On
each plate, only one strain of Shiga-
toxin-producing E. coli was added
to the top agar. Then the plates were
left for 20 min at room temperature to
solidify, after which 5 pl of the exam-
ined phage suspension was applied to
each plate and left for 20 minutes to
dry at room temperature. The control
consisted of plates containing only
E. coli strains suspended in top agar.

The plates were incubated over-
night at 37°C, and the results were
scored as a clear zone of complete
lysis (++), partial lysis with turbidity
(+), or no lysis (—) (19).

Results and discussion

The results obtained showed
that all phages exhibited com-
plete lysis of the Shiga-positive
Escherichia coli strains. The
broadest lytic spectrum (more
than 10 bacterial strains) was
shown for phages ba3, ba4, 147,
148 and 294, whereas the weak-
est lytic activity against eight
E. coli strains was observed in
the case of phages ba6, 106 and
297 (Tab. 2). Complete lysis with
a clear zone for more than 6 strains
was observed in the case of phages
ba4, 147 and 148. Complete lysis
for fewer than six E. coli strains
was observed for phages ba3, ba6, 106, 294 and 297
(Tab. 2). The phages obtained in our study formed dif-
ferent lysis zones, observed as plaque sizes on double
top agar plates (Fig. 1). The plaque size was associated
with the lytic titre of the bacteriophages and their spec-
trum of antibacterial activity, which was confirmed in
the case of phages ba4, 147 and 297. However, despite
the lower titres of lytic phages @148 and ¢ba4, their
spectrum of lytic activity was equally high, and the
plaque size was similar to that of the remaining phages.

701

Fig. 1. Lytic zones (plaques) of bacteriophages specific for selected E. coli strains
Explanations: A — phages ba3, ba4, ba6,106, and 147 on E. coli strain 26; B — phages ba3,
ba6, 1006, 147,148 and 294 on E. coli strain 29; C — phages ba3, 106 and 148 on E. coli
strain 44; D — phages ba3, ba4, ba6, 106, 147, 148, and 294 on E. coli reference (ATCC
8739) strain; E — phages ba4, ba6, 147,148, 294 and 297 on E. coli strain 44; F — phages
ba4, 147, 148, 294 and 297 on E. coli strain 10

The present study showed that phages obtained
from poultry housing systems and specific to E. coli
strains isolated from poultry also exhibited strong lytic
antibacterial properties against Shiga-positive E. coli
obtained from calves. Despite belonging to differ-
ent families, Myoviridae and Siphoviridae (Fig. 2),
all phages showed strong lytic properties against the
Shiga-toxin-producing E. coli isolated from calves.
These results confirm the lack of a species barrier in the
antibacterial activity of bacteriophages. Similar results
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Fig. 2. Negative-stained electron micrographs of selected bacteriophages specific for E. coli strains
Explanations: A — Siphoviridae oba4; B — Myoviridae ¢ba3; C — Myoviridae ¢ 297; D — Siphoviridae ¢147; E — Myoviridae ¢106;

F — Siphoviridae ¢148

were obtained in a study by Barrow et al. (2), who used
lytic bacteriophages to control experimental E. coli
septicaemia and meningitis in chickens and calves.
A great advantage of bacteriophages as an alternative
therapy is the development of ‘multivalent’ phages that
lyse all or most of the bacterial strains within a given

species of pathogen (5). In another study, bacterio-
phages isolated from plants (cucumber) exhibited lytic
activity against E. coli strains isolated from various
species, including cattle, humans and vegetables (18).

There are many studies demonstrating the use of
bacteriophages in the treatment or control of E coli
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infections in calves, especially those causing diarrhoea.
For example, some studies (16, 26) showed that calves
orally challenged with E. coli and given oral doses of
bacteriophages 1 or 8 h after challenge were protected
by the bacteriophages against the development of clini-
cal symptoms and death. These studies also confirmed
the efficacy of bacteriophages administered in milk in
protecting calves against E. coli diarrhoea.

The present study showed positive results of phages
obtained from poultry in eliminating E. coli strains.
This suggests a positive factor which increasing the
potential of phages in alternative treatment of many
infections. This applies in particular to various infec-
tions in humans and animals, such as infections of the
gastrointestinal tract, respiratory system, skin, etc.,
caused by microorganisms of the same species or
belonging to the same family, which can be eliminated
using the same bacteriophage.

The obtained results confirms strong lytic antibacte-
rial properties of phages obtained from poultry against
Shiga-positive E. coli isolated from calves. These
results show the lack of a species barrier in the antibac-
terial activity of bacteriophages, which is beneficial in
that the same bacteriophages can be used in alternative
therapy in humans and animals.
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