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ABSTRACT

Salmonella enterica  serovar Enteritidis (SE) is a prevalent
gastrointestinal pathogen worldwide, threatening both animal and
human health. In the latter, disease is associated to the consumption of
SE-contaminated products from the poultry industry. The control of SE
infection is largely based on the use of antibiotics and vaccines, but the
use of lytic bacteriophages is re-emerging as an additional strategy for
SE control. In fact, a number of recent reports point to the adequacy of
bacteriophage as an efficient prophylactic or therapeutic
countermeasure to SE infections. However, less attention has been
focused on the basic biology of these bacteriophages. Here we report
on three bacteriophages (f18, IF1 and EST2) that share a common viral
particle morphology but are genomic variants as judged by their EcoRI
DNA restriction patterns. Furthermore, they differ in their lytic capability
towards SE, being EST2 the most efficient. They show a very narrow
host range, efficiently infecting only SE strains. In terms of stability in
various suspension media, including distilled water, all three
bacteriophages remained viable, without noticeable decay in titer for
at least 15 days at 25ºC. These results suggest the suitability of the
tested bacteriophages as SE-controlling agents in the poultry industry.

INTRODUCTION

During the last decades in Chile and worldwide, Salmonella enterica
serovar Enteritidis (SE) has emerged as one of the most prevalent
pathogens in humans and animals. They cause intestinal disorders that
are mainly associated with the consumption of poultry products
contaminated with SE (Darwin & Millar, 1999; Fica et al., 2001; Gard-
Petter, 2001; Seo et al., 2002; De Avila et al., 2003).

The main mechanisms for the control this pathogen are based on
the use of antibiotics, vaccines, and probiotics, but the emergence of
multi-resistant SE strains requires the adoption of new measures,
independent from traditional chemotherapies. This has led to the
reemergence of the use of bacteriophages as therapeutic or prophylactic
agents as an alternative for the treatment of SE infections (Matsuzaki
et al., 2005).

Recent studies indicate the use of lytic bacteriophages as a method
to control and detect different bacterial agents, such as Escherichia coli
O157:H7, Mycobacterium, Campylobacter, Listeria, Staphylococcus, and
Pseudomonas (Abdul-Hassan et al., 1990; Goodridge et al., 2003;
Siquiera et al., 2003; Wagenaar et al., 2005).

The use of bacteriophages for the control of SE has been reported in
association with processed fruits (Leverentz et al., 2001) and during
Cheddar cheese manufacturing (Modi et al., 2001). Higgins et al. (2005)
also studied their effect on broiler carcasses, and found a significant
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reduction of SE infection. Bacteriophages active against
SE were successfully used to decrease SE infection
levels in broilers (Sklar & Joerger, 2001; Fiorentin et
al., 2005; Toro et al., 2005; Andreatti Filho et al., 2007,
Atterbury et al., 2007). In this context, a group of
bacteriophages isolated in Chile by Santander &
Robeson (2002), which ability to control SE infection
was first studied using Caenorhabditis elegans
(Santander & Robeson, 2004), was recently tested for
its capacity to successfully control SE infection in broilers
(Borie et al., 2008a) and White Leghorn chickens (Borie
et al., 2008b). However, these studies do not detail
the genomic architecture of the mentioned
bacteriophages or their biological activity in vitro. In
fact, only the reports of Santander & Robeson (2002)
and of Fiorentin et al. (2004) establish analysis criteria
based on restriction patterns using EcoR1 and RAPD,
respectively. In addition, there is no information as to
stability of the viral particles in suspension media for
field application.

In this study, we defined the genomic variants of a
group of bacteriophages with similar morphology. These
variants present different lytic capacity against
Enteritidis serovar in in vitro  experiments.
Bacteriophage suspension conditions for field
application were established. It was shown that they
remain stable for 15 days.

MATERIALS AND METHODS

Bacteriophage isolation
Samples from broiler fecal matter, residual waters

of confined animal facilities (horses, ducks, geese,
chickens, cattle), municipal sewage waters, and poultry
products were collected. Samples were homogenized
or diluted in saline solutions, and processed to enrich
phages using the method of Santander & Robeson
(2002). To a 100 mL flash containing LB broth (Miller,
1972) supplemented with rifampicin (Rif, 100µg/ml) and
nalidixic acid (Nal, 100 µg/ml) 0.5ml of an exponential-
growth culture of a SE strain resistant to both
antibiotics and 1ml of sample were added. The flask
was incubated in an orbital shaker at 37ºC and 250
rpm for 18 to 24h. Phages were amplified by seeding
in order to obtain lysis macroplaques with double agar
layer technique using the same SE strain as marker
strain (Davis et al., 1980).

Phage purification, amplification, and
titering
The obtained phages were purified by collecting

plate forming units (pfu) by understreaking double agar
layers. Large-scale bacteriophage amplification was
carried out according to the technique detailed in
Sambrook et al. (1989). Bacteriophages were titered
using dilution in BSG buffer (Gerhardt et al., 1981) and
seeding on LB agar plates.

Viral genome analysis
Phage DNA was isolated according to Kaiser et al.

(1989), with modifications (proteinase K instead of
pronase). The purified DNA was then digested with
EcoR1 restriction enzyme (Gibco, BRL), and fragments
were separated by electrophoresis in agarose gel at
0.7% in TAE buffer, which was stained with ethidium
bromide to allow fragment visualization under UV light
(Sambrook et al., 1989). The obtained fragments were
then compared to the molecular weight standard of
DNA fragments of the lambda bacteriophage digested
with HindIII (Fermentas, Lithuania).

Electron microscopy of viral particles
Viral particle morphology was observed by

transmission electron microscopy, according to the
techniques standardized by Hayat (1989). Phages were
fixed in 0.1 M glutaraldehyde in sodium cacodylate
buffer (pH 7.2). Osmium tetraoxide at 1% was added
to the fixed samples, which were dehydrated in graded
series of ethanol. Samples were then negatively stained
with uranyl acetate at 4%. Viral particles were
observed under electron microscope at 80 kV with
85,000x magnification.

Host range
Cross-streak seeding was carried out, corroborated

by macroplaque essays, to determine the lytic activity
presented by selected phages on bacterial strains
commonly found in poultry.

"In vitro" phage lytic activity against SE
An exponential-growth phase SE culture was added

to 20ml LB broth (10g triptone; 5g NaCl, 5g yeast
extract; 1L distilled water). When culture reached an
OD

600 nm
 ≈ 0.25, phages were added at 0.1 multiplicity

of infection (MOI), and bacterial reduction was
observed every 20 minutes in a spectrophotometer
(Spectronic 21D) by measuring OD

600 nm
  at 37ºC. Each

bacteriophage was tested in triplicate.

Frequency of phage-resistant SE variants
An exponential-growth phase SE culture was

infected with phages at 1 MOI, and incubated in a
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shaker at 37ºC for 1h at 250rpm. The infected culture
was then serially diluted in BSG, and plated on LB agar
supplemented with Rif and Nal. After incubation for
24h at 37ºC, the number of mutants/ml was
determined.

Phage titer stability
In order to test bacteriophage stability, dilutions of

the three genetically different phages (1x103pfu/ml.)
were incubated at 25ºC, and titer variation in time was
determined by seeding in double LB agar plates, using
SE as marker strain. The following media tested: BSG
buffer (control), BMG (BSG buffer replacing NaCl by
1mM MgSO

4
,), distilled water, and peptone water

(buffer of the probiotic product for poultry Broilac,
Brazil).

RESULTS AND DISCUSSION

The bacteriophages analyzed in the present study,
designated as f18, IF1, and EST2, were selected due
their capacity to produce lysis plaques in a SE overlay
culture. Bacteriophages from circular lysis plaques with
translucent borders were amplified, purified, and
examined under electron microscopy.

Viral particle morphology of the three studied
bacteriophages (Figure 1) corresponds to B1
morphotype (i.e., are similar to Lambda bacteriophage),
with a circular head and tail relatively longer than the
head. In addition, they present a basal plaque, although
the presence of adherent fibers is not clear. Therefore,
the observed morphological characteristics suggest the
presence of bacteriophages of the Order Caudovirales,
which includes the genera Siphoviridae and Myoviridae.
(ICTV, 2007). The examined bacteriophages, due to
the morphology of the viral particles, are similar to the
bacteriophage Φ 10 described by Atterbury et al.
(2007).

Figure 1 - Electron microscopy of the phages active against SE,
85.000x: A. f18; B. IF1; C. EST2.

The examination of the genome of the
bacteriophages determined that their molecular mass
was similar do the lambda bacteriophage DNA (49 Kpb)
and that they present a characteristic pattern when
treated with the enzyme EcoR1. The susceptibility of
the genomes to EcoR1 and DNase (data not shown)
indicate that they correspond to a bicatenary DNA.
These results of this analysis are shown in Figure 2, A
and B, and indicate that this is a homogenous phage
group with some genomic variants. This is consistent
with the selection of bacteriophages using a single SE
strain. However, it is not clear if these bacteriophages,
under the perspective of genomic architecture, are
different from those reported by Fiorentin et al. (2004),
who used RAPD for viral DNA analysis. Further data
on the genomic sequence of these different
bacteriophages are required to establish possible
homologies. This information is essential to design
genetic modification strategies aiming at improving the
lytic capacity of SE-controlling bacteriophages.

Figure 2 - I. Restriction patterns with the enzyme EcoR1. A. Marker
ë HindIII; B. phage f18; C. phage IF1; D. phage EST2. II. Diagram of the
restriction patterns with the enzyme EcoR1 (differences in dark dots).

The host range of these phage genomic variants
may explain the specificity of these biological control
agents (Table 1). The lytic activity is similar among the
studied phages and it affects only the Enteritidis serovar
of the genus Salmonella. The remaining tested strains,
which are usually present in poultry, are resistant to
the action of phages f18, IF1, and EST2. It must be
noted that the studied bacteriophages do not affect
bacterial strains present in the intestinal flora of broilers,
and therefore, would not result in dysbiosis, which may
be caused by the use of antibiotics.

The main difference among the three studied phage
genomic variants is the time required to promote SE
lysis in vitro, as demonstrated by the decrease in OD

(600

nm.)
. These results are shown in Figure 3. The phage

genomic variants called EST2 and f18 were more
efficient to decrease OD

(600 nm.)
 from 0,65 (which was
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A relevant aspect in the context of the application
of bacteriophages as agents to control bacterial
infections is the selection of resistant mutant bacteria,
which could be a negative aspect of the use of such
biocontrol agents. In this sense, it must be mentioned
that phage-resistant SE mutant strains were detected
at a level of 10-4 mutants*ml-1 (Figure 4). Santander &
Robeson (2007) in SE, and Park et al. (2000) in
Pseudomonas plecoglossicida, found that this
resistance to bacteriophages is due to a change in the
bacterium surface, specifically to the loss of an
important bacterial LPS site that is used by the phage
to recognize and to adhere to the bacterium: the O-
Polysaccharide (O-PS). However, this O-PS loss also
results in the loss of the bacterial virulence, infective
capacity, and capacity to kill the nematode
Caenorhbditis elegans (Santander & Robeson, 2007).
Therefore, in the case of the bacteriophages tested in
the present study, the emergence of resistant SE
mutants does not hinder the use of those biocontrol
agents. In addition, these bacteriophage-resistant SE
mutants could be used as seeds for the selection of
new bacteriophages against SE.

Figure 4 - Frequency of bacteriophage-resistant SE mutants.

Suspension media and phage application are
essential to ensure the efficacy of these agents in the
control of SE in poultry houses, and therefore titer
stability in different suspension media must be
determined before its massive and industrial
prophylactic application. In order to ensure the success
of bacteriophages as SE-control agents in poultry
production, different suspension media were tested in
vitro. The results indicated that the studied media
presented excellent conditions to maintain stable phage
titers (Figure 5). However, the use of magnesium-

Figure 3 - In vitro SE reduction caused by bacteriophages.

used as control, corresponding to SE growth in the
absence of bacteriophages) to 0,05 at the end of the
incubation period. Phage EST2 reached these results
60 min post-infection, whereas f18 required the entire
incubation period of 3h. The genomic variant IF1 only
decreased OD

(600 nm.)
 to 0.02, as compared to the

control. Therefore, the phage genomic variants EST2
and f18 may be good biological agents for SE control.
The results obtained in the present study are more
favorable as compared to those of Attebury et al.
(2007), who reported a less intense lytic activity of the
bacteriophages they tested.

Table 1 - Host range of the studied bacteriophages.
Bacterial strains                                        Bacteriophages

f18  IF1 EST2
SE ATCC 13076 +++  +++ +++
SE PT4 +++  +++ +++
SE P7 +++  +++ +++
SE 864 (isolated from broilers) + + +
S. Heilderberg 750 + + +
S. Heilderberg 1210 + + +
S. Heilderberg 637 + + +
S. Heilderberg 660 + + +
S. Agona x65 - - -
S. Cholerasuis 3246 - - -
S. Typhimurium ATCC 3179 - - -
Escherichia coli C - - -
E. coli 8B (isolated from broilers) - - -
E. coli 5C (isolated from broilers) - - -
Enterobacter sp. - - -
Citrobacter sp. - - -
Proteus vulgaris - - -
Erwinia carotovora - - -

(+++: no bacterial growth after exposure to the bacteriophage; ++:
reduced bacterial growth after exposure to the bacteriophage; +:
mild effect on bacterial growth only zone of exposure to the
bacteriophage; -: no effect on bacterial growth after exposure to
the bacteriophage). The bacterial strains tested belong to the
collections of the Bacteriology laboratory of Instituto de Biología,
Pontificia Universidad Católica de Valparaíso, and of the Microbiology
laboratory of Facultad de Ciencias Veterinarias y Pecuarias,
Universidad de Chile.
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supplemented phosphate buffer is recommended over
BSG buffer, which contains NaCl and may irritate birds'
eyes if the phage solution is sprayed. Distilled water
may cause titer variation, and therefore, lytic activity
variation if pH or dissolved salts are not duly controlled.
Also, under the context of prophylaxis, the studied
bacteriophages maintained their titers in suspension
media containing probiotic bacterial strains, opening
the possibility of developing phage-enriched probiotic
products for the control of SE in poultry production.

CONCLUSION

Genomic variants of bacteriophages belonging to
the same morphotype were determined. These variants
had different lytic activity against SE, and variants EST2
and f18 could potentially be used as agents for the
control of SE infections. In addition, the use of
phosphate buffer supplemented with 1mM Mg++ and
0.01% gelatin for the field application of
bacteriophages  is recommended.
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