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ABSTRACT: Bovine mastitis is the primary disease
of dairy cattle worldwide and it causes large economic
losses. Among several microorganisms that are the
causative agents of this disease, Staphylococcus aureus
is the most prevalent. Although antibiotic therapy is
still the most widely used procedure for the treatment
of bovine mastitis, alternative means of treatment are
necessary due to the presence of antibiotic residues
in milk, which is a growing concern because of its
interference with the production of milk derivatives
and the selection of resistant bacterial strains. The use
of bacteriophages as a tool for the control of pathogens
is an alternative treatment to antibiotic therapy. In this
work, to obtain phages with the potential for use in
phage therapy as a treatment for mastitis, we isolated
and identified the bacteria from the milk of mastitis-

positive cows. A total of 19% of the animals from
small and medium farms of the Zona da Mata Mineira,
Brazil, was positive for bovine mastitis, and bacteria
of the genus Staphylococcus were the most prevalent
pathogens. The majority of the S. aureus isolates tested
was resistant to penicillin and ampicillin. In parallel, we
isolated 10 bacteriophages able to infect some of these
S. aureus isolates. We determined that these phages
contained DNA genomes of approximately 175 kb in
length, and the protein profiles indicated the presence
of 4 major proteins. Electron microscopy revealed that
the phages are caudate and belong to the Myoviridae
family. The isolates exhibited interesting features for
their use in phage therapy such as a high Iytic potential,
a wide range of hosts, and thermostability, all of which
favor their use in the field.

Key words: antibiotic-resistant Staphylococcus aureus, bovine mastitis, phages

© 2013 American Society of Animal Science. All rights reserved.

INTRODUCTION

Mastitis, the most common disease of dairy
herds worldwide (Fessler et al., 2010), can be
caused by over 150 different microorganisms, such
as Staphylococcus aureus, Streptococcus agalactiae,
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Streptococcus dysgalactiae, Streptococcus uberis,
Staphylococcus epidermidis, Corynebacterium bovis,
Corynebacterium pyogenes, and Candida albicans.
Among all of these microorganisms, the most
important is S. aureus, which is a common cause of
mastitis on dairy farms (Olde Riekerink et al., 2008)
and the most frequently isolated pathogen in heifer
mastitis (Delgado et al., 2011; Dufour et al., 2012). In
Brazil, studies report the predominance of S. aureus
over other disease-causing agents in all regions of the
country (Brito, 1996). In recent years, the incidence of
antibiotic-resistant bacteria has increased. In addition,
the antibiotic residues in milk also interfere with
and often prevent the production of milk derivatives
(Pinto, 2001). Bacteriophages (here after referred to
as “phages”) are natural bacterial viruses abundant
in all environments, including the water, soil, and
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air (d’Herelle, 1917). Their ability to not only target
and destroy a specific bacterium but also to replicate
exponentially and specifically underscores their
potential role in treating infectious diseases (d’Herelle,
1917; Carson et al., 2010). Therefore, phage therapy
is an alternative to antibiotics when bacteria develop
antibiotic resistance, and the use of these particles has
been studied by a number of research groups to control a
variety of mastitis-causing pathogens, mainly S. aureus
(Gill et al., 2006; Garcia et al., 2009; Son et al., 2010;
Kwiatek et al., 2012). In the present work, we isolated
10 lytic bacteriophages that belonged to the Myoviridae
family. The isolates exhibit interesting features for
their use in phage therapy such as thermostability, a
high lytic potential, and a wide range of hosts, which
renders them useful against the S. aureus antibiotic-
resistant strains that cause bovine mastitis.

MATERIALS AND METHODS

All animal experiments were performed in accordance
with protocols approved by the Federal University of
Vigosa Institutional Animal Care and Use Committee.

Collection, Isolation, and Identification
of the Bacterial Strains

A total of 607 animals (2,408 teats) from 24 farms
were studied for mastitis occurrence using as criteria
the occurrence of clinical symptoms (for clinical
mastitis) and the method described by Barnum and
Newbould (1961). The antibiotic therapy in these
animals was excluded. From 250 teats that tested
positive for mastitis, 10 mL of milk were collected and
tested for the presence of S. aureus. Each milk sample
was streaked onto sheep blood agar and McConkey
agar and incubated at 37°C for 24 h. The colonies that
grew on the plates were gram stained, and a catalase
test was performed over any gram-positive cocci.
The catalase-positive bacteria were subjected to the
coagulase and acetoin tests, and the catalase-negative
bacteria were tested with CAMP test. In the case of the
gram-negative bacteria, the test was performed using
the Bactray I kit (Laborclin, Pinhais, Parana, Brazil).
The characterization procedure of bacterial colony was
performed as previously described by Brito (1999).

Antibiogram

The antimicrobial susceptibility test of the 20
S. aureus isolates was performed using the plate
diffusion technique (Watts, 2008). The antibiotics used
for antibiogram were ampicillin 10 pg/mL, gentamicin
10 pg/mL, cephalothin 30 pg/mL, ciprofloxacin 5
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pg/mL, sulfazotrim 25 pg/mL (Sulakvelidze et al.,
2001), amoxicillin/clavulanate 30 pg/mL, ceftriaxone
30 pg/mL, tetracycline 30 pg/mL, penicillin G 10
pg/mL, oxacillin 1 pg/mL, erythromycin 15 pg/
mL(Olde Riekerink et al.,, 2008), vancomycin
30 pg/mL, clindamycin 2 pg/mL, rifampicin 5 pg/
mL, and chloramphenicol 30 pg/mL. The results were
interpreted according to the standards of the Clinical
and Laboratory Standards Institute (Watts, 2008).

Phage Collection and Isolation

The samples of sewage water used for the phage isolation
were obtained from the Sewage Treatment Station (SAAE)
of Vicosa, Minas Gerais, Brazil. Phages were isolated and
propagated from 9 L of water in broth-heart infusion (BHI)
medium without enrichment, as described by (Tanji et al.,
2008). The lysis plaques isolated from initial plating were
collected and transferred to an Erlenmeyer flask containing
the culture medium and the bacteria in the exponential
growth phase. These mixtures were then incubated at 37°C
and plated again. This procedure was repeated 3 times to
ensure the isolation of phages. The S. aureus strain 3930,
courtesy of Brazilian Agricultural Research Corporation
(EMBRAPA) Gado de Leite, Minas Gerais, Brazil, was
used such as positive control in these experiments.

Phage Genome Extraction

The phage genomes were extracted as described
previously in Sambrook and Russell (2006). Briefly, 50 pL
of each isolated phage was added to an equal volume of
lysis buffer (10 mM Tris—Cl, pH 8.0, 1 mM EDTA, and
0.5% Tween 20) and 2 pL of proteinase K (50 pg/mL). The
mixture was vortexed thoroughly and incubated at 55°C
for 2 h. The samples were subsequently inactivated at 94°C
for 10 min and purified by standard phenol-chloroform
extraction and ethanol precipitation procedures. The
pellet was dissolved in 30 pL of distilled water, and the
isolated nucleic acids were separated using 0.8% agarose
gel electrophoresis, stained with ethidium bromide,
and analyzed under a UV light. To analyze the phage
genome composition, 10 pulL of each genomic extract was
digested with deoxyribonuclease (DNase) I (1 pg/mL) or
Ribonuclease (RNase) A (1 pg/mL) for 60 min at 37°C.
The digested fragments were analyzed using 1.0% agarose
gel electrophoresis as described above.

Evaluation of the Viral Genome Size

The length of the viral genome was estimated using
pulsed-field gel electrophoresis using a Bio-Rad CHEF-
DR III Pulsed Field Electrophoresis System (Bio-Rad,
USA). Twenty microliters of the extracted genomic DNA
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was added to 20 pL of 2.0% low melt agarose according
to the manufacture’s recommendations, and lambda DNA
concatemers were used as the molecular marker. The
samples were subjected to pulsed-field gel electrophoresis
on a 1.0% agarose gel at an angle of 120° with a switching
interval of 5 to 200 sec at 14°C. The gel was stained with
ethidium bromide and analyzed under a UV light.

Protein Profile Analysis

An aliquot of the viral suspensions (50 mL) was
concentrated with NaCl 1.0 M and 10% polyethylene
glycol 8000, centrifuged at 11,000 xg for 20 minutes, at
4°C, and resuspended in 1 mL of water. These aliquot were
used in the protein analysis or electron microscopy studies.
The proteins were precipitated with 10% trichloroacetic
acid and washed 3 times in cold acetone, and the total
phage protein content was analyzed using electrophoresis
on 15% polyacrylamide gel under denaturing conditions
(SDS-PAGE) at 190 V for 1 h. The broad range SDS-
PAGE standard was used as molecular size marker, and
the gel was stained with 3% ammoniacal silver.

Electron Microscopy

A 10 pL aliquot of the viral suspension prepared as
described above was added to a 200 mesh grid that was
previously covered with FormVar (Sigma-Aldrich, Inc.
St. Louis, MO, USA) for 5 min. The excess liquid was
removed with filter paper, and the grids were covered with
10 pL of 2% uranyl acetate for 20 s. The samples were
analyzed in the Nucleo de Microscopia e Microanalise,
Federal University of Vigosa/Brazil, using a Zeiss EM 109
(Carl-Zeiss, Oberkochen, Germany) transmission electron
microscope operating at 80 kV. The data were analyzed
to measure the overall viral length, the tail length, and
the capsid diameter. When necessary, additional dilutions
were performed to obtain greater quality images.

Test of the Phage Lytic Potential

In 4 flasks containing 50 mL of BHI medium each, 1
mL of a suspension containing the bacterium S. aureus
3930 in the exponential growth phase [optical density
(OD)ggq = 0.7] was added to each phage solution at
a multiplicity of infection of 0.1. The mixtures were
incubated at 37°C and 200 rpm, and aliquots were analyzed
in a spectrophotometer (Thermo Fisher Scientific Inc.,
Waltham, MA, USA; ODy,) at 1, 2, 3,4, 5,6, 7,8, 9, 10,
11, 12, 16, 20, and 24 h postinfection. After, mitomycin
C was added in 2 flasks at final concentration of 0.5 pg/
mL to evaluate its effect on the viral lysis potential. A
preparation without phage was used as negative controls.
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Test of Phage Specificity

Each phage was added at high titer [10!0 plaque
forming units (PFU)/mL] to 20 different S. aureus strains
in exponential phase growth and plated on BHI medium
using the pour plate method (Sambrook and Russell,
2006). As a control, we plated the uninfected bacterial
strains. After incubation at 37°C for 18 h, the number of
plates exhibiting lysis was counted. The plates that did not
exhibit any changes were scored with a minus sign (—). The
plates containing lysis plaques were scored with positive
signs, ranging from (+) to (++++), the number of which
increased with the number of lysis plaques observed.

Test of Phage Thermostability

A 150 pL aliquot of the phage suspension was
incubated at 70, 80, 90 or 100°C for 5 min. After, the
phage titer was calculated as PFU per mL (PFU/mL).
The titer of a phage suspension with no temperature
treatment was calculated in parallel.

RESULTS

Identification and Characterization
of the Bacterial Strains

A total of 250 milk samples were obtained from
65 different farms with isolated bacteria in 58.18% of
samples. One hundred one bacteria were isolated and
identified as S. aureus (28.52%), Staphylococcus sp.
(coagulase negative; 14.83%), Streptococcus sp. (CAMP
negative; 6.84%), a gram-positive Bacillus (3.42%), a
yeast strain (2.28%), Escherichia coli (1.15%), and
Streptococcus agalactiae (1.14%).

Twenty isolates of S. aureus were randomly selected
and tested for antibiotic susceptibilities. Ampicillin
resistance was exhibited by 60% of the isolates and 65%
were resistant to penicillin. The majority of the isolates
(95%) was susceptible to gentamicin (Table 1).

Phages Characterization

Ten phages were isolated from the sewage water
samples and were named Ufv-aur2 to Ufv-aurll.

The viral genomes were extracted, and pulsed-field
gel electrophoresis studies indicated that the phage
genomes are approximately 175 kb in length (Fig. 1A).
Aliquots were digested with DNase 1 or RNase A.
Although DNase I digestion degraded all of the samples,
RNase A digestion had no effect. These results indicate
that the genomes were composed of DNA (Fig. 1B).

Gel electrophoresis (SDS-PAGE) indicated that all
phages showed identical protein profiles, as represented
by Ufv-aur2, Ufv-aur3, Ufv-aur4, Ufv-aur5, Ufv-aur6,
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Table 1. Susceptibility of Staphylococcus aureus strains isolated of bovine mastitis infections to 15 different antimicrobials!
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IStrains were spread on Miiller Hinton agar plates and disks containing antibiotics were placed on culture. After incubation the halos of inhibition were
measured and the results interpreted according to Clinical and Laboratory Standards Institute standards. AMP = ampicillin, GEN = gentamicin; CFL =
cephalothin; CIP = ciprofloxacin; SUT = sulfazotrim; AMC = amoxicillin/clavulanic acid; CRO = ceftriaxone; TET = tetracycline; PEN = penicillin; OXA =
oxacillin; ERI = erythromycin; VAN = vancomycin; CLI = clindamycin; RIF = rifampicin; CLO = chloramphenicol. S = represent sensitive strains, I = showed

intermediate resistance, and R = resistant strains to antibiotics tested.

Ufv-aur7, Ufv-aur8, Ufv-aur9, Ufv-aur10, and Ufv-aurl1
in Fig. 2. Transmission electron microscopy showed that
the phages have an average size of approximately 200
nm, a 50-nm long contractile tail, and an icosahedral
head that is about 90 nm in diameter. Interestingly, a
basal plate was observed (Fig. 3).

Test of the Phage Lytic Potential

The S. aureus strain 3930 was subjected to infection
by each phage, and the OD (ODg,) of the culture
medium was measured at different times of infection to

M2 3 4 5 6 7 8 9 10 11

RDRDRDRDRDRDRDRDRDRD

Figure 1. Pulsed-field gel electrophoresis of the viral genomes.
Genomes were electrophoresed on 1% agarose gel in 0.5x Tris/Borate/EDTA
(TBE) buffer. A) 1 = marker; 2 = genome Ufv-aur2; 3 = genome Ufv-aur3;
4 = genome Ufv-aurd; 5 = genome Ufv-aur5; 6 = genome Ufv-aur6; 7 =
genome Ufv-aur7; 8 = genome Ufv-aur8; 9 = genome Ufv-aur9; 10 = genome
Ufv-aurl0; 11 = genome Ufv-aurll. B) Genomes treated with Ribonuclease
(RNase) (R) and deoxyribonuclease (DNase) (D).

determine the bacterial growth. After 8 h of culture, all
phages reduced S. aureus isolates growth (Fig. 4). In some
cases, the addition of mitomycin C to the culture medium
further decreased the detected OD values and delayed the
subsequent growth compared with the samples containing
bacteria plus phage (asterisks in Fig. 4). The OD values
of the samples containing only the bacterial culture
and mitomycin C were equivalent to the samples that
contained only the bacterial culture (Fig. 4).

200 kDa

116 kDa
97 kDa

66 kDa

45 kDa

Figure 2. Analysis of the viruses total protein content via SDS-
PAGE lines: Phages were concentrated with polietilenoglicol (10%). Phage
proteins were precipitated with 10% trichloroacetic acid, washed 3 times in
cold acetone, and electrophoresed on 13% polyacrylamide gel. Lines: 1 =
molecular marker; 2 = Ufv-aur2; 3 = Ufv-aur3; 4 = Ufv-aur4; 5 = Ufv-aur5;
6 = Ufv-aur6; 7 = Ufv-aur7; 8 = Ufv-aur8; 9 = Ufv-aur9; 10 = Ufv-aurlO0;
11 = Ufv-aurl 1. The main proteins have a 50, 70, 100, and 140 kDa (arrows).
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Figure 3. Transmission electron microscopy images of bacteriophages. The arrows indicate neck, and contracted sheaths are indicated by arrows heads. A)
Ufv-aur2; B) Ufv-aur3; C) Ufv-aur4; D) Ufv-aur5; E) Ufv-aur6; F) Ufv-aur7; G) Ufv-aur8; H) Ufv-aur9, 1) Ufv-aur10, J) Ufv-aurll, K) Ufv-aur9, L) Ufv-aur5,
and M) Ufv-aur3. Bars B, C, D, F, G, H, E, and F = 100 nm; A, E, K, L, and M =200 nm. In K it is possible to observe the presence of ghost phages, and in L,
the contracted spikes of the tail.
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Test of Host Specificity

The phage isolates Ufv-aur2, Ufv-aur5, Ufv-auro6,
and Ufv-aurll were able to infect and lyse all mastitis-
causing S. aureus isolates (Table 2). The phages Ufv-
aur3 and Ufv-aur7 exhibited a smaller range of host
specificity and were unable to infect at least 6 of the
isolated strains.

Test of Phage Thermostability

The viral titer of each phage was measured after
a heat treatment ranging from 70 to 100°C for 5 min
(Fig. 5). The Ufv-aur2, Ufv-aur3, Ufv-aur8, and Ufv-
aurll phage isolates exhibited greater sensitivity to the
thermal treatment relative to the others, as illustrated
by a greater reduction compared with the initial titer.
The 100°C treatment was able to reduce the viral titer
of each phage to approximately 10* PFU/mL with the
exception of the Ufv-aur9 phage, which displayed
greater resistance to high temperatures.

DISCUSSION

In this work, we presented 10 new lytic
bacteriophages isolated from sewage water sample that
are able to infect and lyse mastitis-causing S. aureus
isolates that were resistant to ampicillin and penicillin.

The antibiogram test showed that the S. aureus
bacteria isolated from mastitis cases exhibited
resistance to the antibiotics penicillin and ampicillin.
The antibiotics that retained substantial inhibition were
gentamicin (95%), sulfazotrim (90%), amoxicillin/
clavulanate (85%), vancomycin (85%), cephalothin
(85%), oxacillin (85%), chloramphenicol (80%), and
tetracycline (80%). Although these antibiotics had an
inhibitory effect on a majority of the tested isolates,
none were able to kill all the tested bacteria. For all of
the antibiotics tested, there were bacterial isolates that
were resistant. The indiscriminate use of antibiotics has
promoted an artificial selection of bacteria. For example,
some isolates in this work are resistant to a number
of the antibiotics tested. The isolate S. aureus 49 was
resistant to 10 of 15 antibiotics tested, and S. aureus 51
was resistant to 11 antibiotics. Both isolates, S. aureus 49
and 51, and S. aureus 53 showed resistance to methicillin
[methicillin-resistant Staphylococcus aureus (MRSA)].
Methicillin-resistant Staphylococcus aureus is a concern
in hospitals and for nursing home professionals due
to the low susceptibility of these organisms to most
common antibiotics (Kurlenda and Grinholc, 2012). The
traditional drug used for treating MRSA is vancomycin,
but there is an increase in the percentage of infections
caused by the MRSA displaying intermediate sensitivity
or resistance to vancomycin (Hiramatsu et al., 1997).
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These data further reinforce the search for alternative
therapies, such as phage therapy, because most
antibiotics are not effective in the treatment of human
and diseases caused by these resistant strains.

Theisolation of staphylococcal phages from domestic
sewage is discredited by several authors because of
the need for a potential host for viral persistence and
the prevalence of Enterobacteriaceae in the sewage
environment (Withey et al., 2005). It is believed that
these phages may be more easily found in alternative
environments, such as bodily fluids or hospital sewage.
Our study contradicts these propositions because anti-S.
aureus phages were easily isolated from domestic
sewage, as also found by Synnottet al. (2009). In this
study, the researches isolated a total of 52 phages from
a domestic sewage of Tokyo, Japan. These experiments
extended our knowledge of viral diversity and highlight
the need to further explore the ecology of bacteriophages
in diverse environments. The maintenance of viability
during long-term storage is an important feature for
phages with potential therapeutic use.

All of the phages isolated in this study possessed
an approximately 175-kb sized DNA genome. Electron
microscopy analysis illustrated that the phages were
caudate and have an icosahedral head, a thin neck with a
contractile tail, and an approximate size of 200 nm. These
features were key for assignment the phages of this study
to the Myoviridae family, order Caudovirales, whose T4
phage possesses double-stranded DNA of approximately
130 to 175 kb (O’Flaherty et al., 2004; Kwan et al., 2005).
Therefore, based on these characteristics, the phages
isolated in this work are more related to the genus T4-
like viruses (Maniloff and Ackermann, 1998), but
further genomic analysis will be performed to confirm
this classification. Using SDS-PAGE, we verified that
all phages have similar protein contents, including a
dominant protein with a molecular weight of 50 kDa
and secondary proteins with molecular weights of 70,
100, and 140 kDa. This was a preliminary test to screen
if the phages were structurally different. Although all
phages showed identical protein patterns and structures,
a Random Amplification of Polymorphic DNA (RAPD-
PCR) analysis indicated that they were not the same phage
(data not shown). The therapeutic phages characterization
is important because one of the major reasons for the
failure of this type of therapy in the pre-antibiotic era
is the application of noncharacterized bacteriophages,
which led to inconsistent results (Verma et al., 2009).

When we tested the lytic potential of the phages
isolated in this study, we verified that all of them were
able to cause a decrease in the growth rate of S. aureus for
up to 12 h of growth. However, in all tests the bacterial
population infected by a phage became resistant after a
number of infection cycles. This is quite expected and
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Figure 4. Test of the phage lytic potential. Suspensions containing the bacterium Staphylococcus aureus 3930 in exponential growth phase were co-cultured with
the different phages, with or without mitomycin. Aliquots were withdrawn at different times and analyzed in a spectrophotometer at a 600 nm. MitC is MitomycinC.



Phages against mastitis Staphylococcus aureus

Ufv-aur2 Ufv-aur3

10°
107
108
108
104
10°
102
101
10°

Titer, PFU/mL
Titer, PFU/mL

———
RN R & D P PP

Temperature, °C Temperature, °C

Ufv-aurs

i

Titer, PFU/mL
Titer, PFU/mML
s

$ & & @
Temperature, °C Temperature, °C

R &

Ufv-auré Ufv-aur7

Titer, PFU/mL
Titer, PFU/mL

FRNE F R & P @
Temperature, °C Temperature, °C

Ufv-aur8 Ufv-aur9

mﬂﬂ]

L P F P
Temperature, °C

10°
10°
107
10"
105
104
103
10?2
10!
10°

Titer, PFU/mL
Titer, PFU/mL

I P

Temperature, °C

Ufv-aur10

—_
N R & o

Temperature, °C

Ufv-auri1

E

L e —
& & ¢

Temperature, °C

10®
107
10°
105
104
10°
102
101
10°

Titer, PFU/mL
Titer, PFU/mL

Figure 5. Phage thermostability. The phages were subjected to 4
different heat treatments (70, 80, 90, and 100°C) for 5 min and then titrated to
evaluate their resistance to high temperatures. An aliquot was kept unheated
(un) as control. PFU is Plaque Forming Units.

is known as “co-evolution cycles.” In a few generations,
the phage will be able to overlay the mechanism of
bacterial resistance, returning to cause decreases in
the bacterial population. Moreover, we verified that
mitomycin C was a potent inducer of the lytic state for
all of the isolates and that mitomycin C alone, in the
absence of the isolated bacteriophages, was not able to
cause reduction in DO similar to that observed when
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the phage is added. Also discarding the possibility of
a prophage being responsible for the suppression of
bacteria growth (Little, 2005).

The phages Ufv-aur2, Ufv-aur5, Ufv-aur6, and Ufv-
aurll were capable of causing lysis in all of the tested
isolates, and the phages Ufv-aur4, Ufv-aur8, Ufv-aur9,
and Ufv-aur10 were 95% effective. However, the phages
Ufv-aur3 and Ufv-aur7 caused lysis in only 70% of all
the tested isolates. The phages Ufv-aur6 and Ufv-aur9
were able to cause a lysis in S. aureus 49 and S. aureus 51,
respectively, both of which exhibited resistance to most
of'the antibiotics tested. These data confirm the feasibility
of using phages as therapeutic agents because they are
highly capable of killing antibiotic-resistant bacteria.

Bacteriophages have several features that make them
potential therapeutic agents against infectious bacteria.
One of these features is the highly specific and effective
lysis of targeted pathogenic bacteria. However, this
specificity results in a relatively narrow host range. For
therapeutic use, some researchers believe that a specific
pathogenic agent must be isolated and then tested for its
phage susceptibility (Huff et al., 2004). However, this
problem could be solved with the use of a phage cocktail
effective against the most closely related pathogens.

The development of a phage therapeutic product with
a wide antimicrobial range based on the most common
associations of phages could be useful (Slopek et al.,
1987; Smith et al., 1997; Carlton, 1999; Sulakvelidze
et al., 2001; Huff et al., 2004; Oliveira et al., 2009). In
addition, many studies have emphasized the lack of
genetic diversity among multiple-drug-resistant bacteria.
This fact may be due to clonal selection (Knight, 2002).
This lack of variability means that the antibiotic-resistant
bacteria are ideal targets for phage therapy ( Merril et
al., 2006; Atterbury, 2009). Some results found in this
work could suggest that the phages are distinct, once
they present differences in their thermal resistances, host
patterns, and rates of bacterial growth inhibitions.

The storage and handling of phages may represent a
problem, depending on the viral specie used. Although
some phages are stable and may be stored in a variety of
conditions, others are fragile and need special attention
when handled (Skurnik et al., 2007). Our experiments
demonstrated that all of the studied species are
thermostable due to the fact of all phages maintaining
high titer after incubation at 100°C for 5 min. The
Ufv-aur9 phage exhibited the most stability at high
temperatures. This result showed that this phage was the
best candidate for therapeutic use, given that processing
conditions may require that phages are exposed to high
temperatures. However, further studies evaluating the
phage stability into storage conditions will be performed
to strengthen these data.
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Table 2. Host specificity!

Phage
Isolate Ufv-aur2  Ufv-aur3  Ufv-aurd  Ufv-aur5  Ufv-aur6 ~ Ufv-aur7  Ufv-aur8  Ufv-aur9 Ufv-aurl0 Ufv-aurll
Staphylococcus aureus 2878 -+ -+ -+ -+ ++ + ++++ 4+ 4+ ++
S. aureus 3017 ++ -+ + + + ++ ++ ++ -+ ++
S. aureus 3019 -+ -+ ++ -+ ++ + 4+ -+ -+ ++
S. aureus 3166 -+ +++ ++ -+ +++ + +++ +++ +++ -+
S. aureus 3216 -+ -+ -+ -+ ++ + ++ -+ 4+ 4+
S. aureus 3627 ++ -+ ++ ++ -+ + ++ -+ -+ -+
S. aureus 3654 +t -+ +t -+ -+ + 4+ -+ 4+ 4+
S. aureus 3810 ++ -+ + ++ + + -+ + ++ +
S. aureus 3820 -+ -+ -+ -+ -+ ++ -+ -+ 4+ 4+
S. aureus 3930 -+ -+ +++ -+ -+ +++ -+ -+ -+ -+
S. aureus 1 +++ - +++ +++ +++ - +++ + -+ -+
S. aureus 3 +++ — ++ + +4++ — — — + +
S. aureus 9 ++ ++ + + +++ + + ++ — +
S. aureus 17 + - ++ ++ +t - ++ + + +
S. aureus 49 ++ + + + -+ + ++ ++ + ++
S. aureus 51 ++ + - + ++ ++ + -+ + +
S. aureus 53 + - + + ++ - + + +
S. aureus 54 + + ++ + + + + + + ++
S. aureus 56 + — + + + — + ++ + ++
S. aureus 59 ++ — + + + — +++ + + +++

IThe infectivity of the phages was tested in different bacterial strains. The results are shown as scores (-) = no lysis; (+) = few lysis; (++) = moderate lysis;
(+++) = marked lysis; (++++) = very marked lysis, related to the number of lysis plates, as shown in top of table.
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