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ABSTRACT

Introduction: Bacteriophages have been proven to be effective in controlling bacteria and potential as alternatives to antibiot-
ics. Recently, combination treatments using both bacteriophages and antibiotics have been reported to substantially improve
antimicrobial activity when compared with their treatments.

Objectives: To isolate a lytic bacteriophage specific to Staphylococcus aureus ATCC 25923 and determine antimicrobial activity
against S. aureus ATCC 25923 of the isolated bacteriophage and oxacillin when used individually and in co-treatment.

Methods: A lytic bacteriophage was isolated from a hospital wastewater sample by enrichment technique. Its host range was
examined using the spot test method. The effect of oxacillin on the lytic activity of the bacteriophage was determined. Lastly, the
minimal inhibitory concentrations (MICs) of the bacteriophage and oxacillin against S. aureus ATCC 25923 when used individu-
ally and in co-treatment were determined using the spot test method. The fractional inhibitory concentration index (FICI) was
used to analyze the co-treatment.

Results: A bacteriophage, designated bacteriophage UBU-SA1, was isolated. It was found to be highly specific to S. aureus
ATCC 25923. Its lytic activity was not inhibited by oxacillin. MICs of bacteriophage UBU-SA1 and oxacillin against S. aureus
ATCC 25923, when used alone, were 10° PFU/mL and 50 pg/mL, respectively. Co-treatment of bacteriophage UBU-SA1 and
oxacillin substantially reduced the MICs of both agents required to inhibit the bacterial host when compared with their treatments.
The FICI indicated a synergistic effect between bacteriophage UBU-SA1 and oxacillin against S. aureus ATCC 25923.

Conclusion: Bacteriophage UBU-SA1, by itself or in combination with antibiotics, may be useful as a therapeutic agent in con-
trolling S. aureus.
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INTRODUCTION diseases by either production of toxin or direct invasion and

destruction of tissues depending on the strains involved and

Staphylococcus aureus is a gram-positive, nonmotile, cat-  jnfection sites.' In general, S. aureus infections are treated by
alase-positive and facultatively anaerobic coccus. Charac- drugs in the beta-lactam class such as penicillin, ampicillin,
teristics that differentiate S. aureus from the other species cephalosporins or oxacillin.” However, many drug-resistant
of Staphylococcus are coagulase-positive (from all other  gyraing of S qureus have recently emerged thereby reducing
Staphylococcus species), novobiocin sensitive (from S. sap- drug efficacy. Most of them are multidrug-resistant strains
rophyticus) and mannitol fermentation positive (S. epider-  guch as methicillin-resistant S. aureus (MRSA) strains that
midis). S. aureus is a significant human pathogen causing a  ynown so far are resistant to nearly all beta-lactam antibiot-
wide range of diseases ranging from superficial cutaneous .3 Therefore, the emergence and spread of multidrug-re-

infections to life-threatening systemic diseases. Various hu-  gjstant S. aureus have posed a serious challenge to traditional
man systems can be infected by S. aureus such as the res-  ,ptibiotic therapy.

piratory system, gastrointestinal system, circulatory system,

urinary system and reproductive system. S. aureus causes Bacteriophages are viruses capable of infecting specific bac-

teria. Lytic bacteriophages can bind to the outer surface of
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their bacterial hosts and injects their genetic materials into
the host cells. Inside the hosts, more lytic bacteriophages are
produced and then burst out of the host cells resulting in bac-
terial death. The released bacteriophages can in turn attack
new bacteria. The killing cycle can continue until all bacteria
are eliminated from the ecosystem.* Based on their ability
to kill bacteria, lytic bacteriophages have recently drawn
researchers’ attention to use them as alternatives to antibi-
otics to control bacterial infections. The approach is called
bacteriophage therapy. Several lytic bacteriophages have
been shown to inhibit S. aureus such as bacteriophages vB_
SauS SA2,°SAJK-IND,°P68, 3A and ROSA.” El Haddad et
al.® reported the use of a bacteriophage cocktail containing
3 different bacteriophages including phi812, 44AHJD and
phi2 to inhibit S. aureus. Treatment of S. aureus mastitis in
cows by bacteriophage therapy is an example of the potential
of bacteriophages as alternatives to antibiotics.” Therapeutic
bacteriophages have some advantages over antibiotics in that
they have been reported to be more effective but cause fewer
side effects than antibiotics.'

Recently, the combination of lytic bacteriophages and antibi-
otics to control bacterial infections has been introduced. This
approach has been proven to interfere with bacterial evolu-
tion to both bacteriophages and antibiotics; hence, increasing
the effectiveness of bacterial infection treatment. Moreover,
required concentrations of both agents to kill certain bacteria
can be reduced thereby causing minimal side effects. Uses of
lytic bacteriophages in combination with antibiotics can in-
hibit several pathogenic bacteria such as Shigella dysenteri-
ae''Pseudomonas aeruginosa‘’and Klebsiella pneumoniae.”
Therefore, it is of interest to study bacteriophage-antibiotic
combinations to control S. aureus. In this study, a bacte-
riophage specific to S. aureus was isolated from a hospital
wastewater sample. Its host range against various bacteria
was examined. The inhibitory ability against S. aureus was
also determined when it was used individually and in combi-
nation with oxacillin, a common beta-lactam antibiotic used
to control S. aureus infection.

MATERIALS AND METHODS

Bacteriophage detection

A wastewater sample collected from Sappasitthiprasong
Hospital, Ubon Ratchathani Province, Thailand was used
as a source of a bacteriophage specific to S. aureus ATCC
25923. Bacteriophage enrichment using S. aureus ATCC
25923 as a host and preparation of bacteriophage contain-
ing cell-free filtrate (CFF) was performed according to the
methods previously described.'

The detection of bacteriophage in the prepared CFF was per-
formed by using the spot test method. A log phase culture of

S. aureus ATCC 25923 was spread with a sterile swab on a
BHI agar plate. Ten pL of the prepared CFF was spotted onto
the bacterial lawn. The plate was incubated at 37°C for 24 h
before observing the presence of a clear zone. A clear zone
at the spot area, representing the lysis of host cells, indicated
the activity of bacteriophage.

Plaque assay

The prepared CFF giving a positive result from the bacterio-
phage detection The prepared CFF giving a positive result
from the bacteriophage detection was subjected to plaque as-
say as mentioned earlier'* to confirm the presence of a bacte-
riophage and to determine bacteriophage titer.

Bacteriophage host range

The spot test method (as described above) was used to deter-
mine the bacteriophage host range by using bacterial strains
listed in Table 1 as tested hosts.

Effect of oxacillin on bacteriophage

To test if oxacillin has an inhibitory effect on bacteriophage,
oxacillin was added to the CFF containing 10® PFU/mL of
bacteriophage to obtain the concentrations ranging from 200
- 12.5 pg/mL. After incubation at 37°C for 24 h, the lytic
activity of the bacteriophage was examined by plaque assay
as mentioned above.

Minimal inhibitory concentrations of bacterio-
phage and oxacillin when used individually

To determine the minimal inhibitory concentration (MIC)
of bacteriophage against S. aureus ATCC 25923, a ten-fold
dilution of CFF was performed to obtain the bacteriophage
concentrations ranging from 10% to 10 PFU/mL. Each bacte-
riophage concentration was examined for its ability to inhibit
S. aureus ATCC 25923 by the spot test as mentioned above.

To determine the MIC of oxacillin against S. aureus ATCC
25923, a two-fold dilution of the antibiotic was performed
to obtain the concentrations ranging from 200 - 12.5 pg/mL.
Each oxacillin concentration was examined for its ability to
inhibit S. aureus ATCC 25923 by the spot test as mentioned
above.

MICs of bacteriophage and oxacillin when used
in co-treatment

To study the inactivation of S. aureus ATCC 25923 by bacte-
riophage-oxacillin combination, the bacteriophage and oxa-
cillin, 5 pL each, were mixed to obtain final concentrations
as shown in Table 2. Three different concentration levels,
MIC and 2 sub MIC, of both antimicrobial agents, were in-
cluded in this experiment. For bacteriophage, 3 concentra-
tion levels including MIC, MIC/10 and MIC/100 were used
whereas for oxacillin, 3 concentration levels including MIC,
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MIC/2 and MIC/4 were used. Each bacteriophage-oxacillin
combination was examined for its ability to inhibit S. aureus
ATCC 25923 by the spot test as mentioned above.

The inhibitory effect of the bacteriophage-oxacillin combi-
nation was analyzed by calculating the fractional inhibitory
concentration index (FICI) as follows:

FICI = (MIC&O/MICB) + (MICB@/MICO)
where

MIC,,, = MIC of bacteriophage when the bacteriophage-

oxacillin combination was used

MIC,,, = MIC of oxacillin when the bacteriophage-oxacillin

combination was used
MIC, = MIC of bacteriophage alone
MIC, =MIC of oxacillin alone

The FICI was interpreted as follows: (1) a synergistic effect
when FICI <0.5; (2) an additive effect when 0.5 <FICI <1,
(3) an indifferent effect when 1 < FICI <4, (4) an antagonis-
tic effect when FICI >4.

RESULTS

Bacteriophage detection

The CFF prepared from the hospital wastewater was found
to contain a bacteriophage specific to S. aureus ATCC 25923
because it produced a clear inhibition zone on the lawn of
the bacterial host (Figure 1a). When the CFF was subjected
to plaque assay by using S. aureus ATCC 25923 as a host, it
produced clear plaques of 0.1- 0.2 mm in diameter, indicat-
ing the presence of a lytic bacteriophage in the filtrate (Fig-
ure 1b). The bacteriophage was designated bacteriophage
UBU-SAL.

Figure 1: Inhibition zone (a) and plaques (b) on the lawn of
S. aureus ATCC 25923 produced by bacteriophage UBU-SA1.

175

Bacteriophage host range

The host range of bacteriophage UBU-SA1 was determined
by spot test using various tested bacterial strains. The results,
summarized in Table 1, showed that the bacteriophage had a
highly specific host range. It was able to infect only S. aureus
ATCC 25923. The other tested strains were insensitive to this
bacteriophage.

Table 1: Host range of bacteriophage UBU-SA1.
Bacillus cereus ATCC 11778 -
Bacillus subtilis ATCC 6633 -
Escherichia coli ATCC 25922 -
Klebsiella pneumonia ATCC 27736 -
Listeria monocytogenes ATCC 19115 -
Proteus mirabilis ATCC 12453 -
Pseudomonas aeruginosa ATCC 27853 -
Salmonella typhi ATCC 19430 -
Shigella boydii DMST 28180 -
Shigella dysenteriae DMST 15111 -
Shigella. flexneriDMST 4423 -
Shigella sonnei DMST 561 -
Staphylococcus aureus ATCC 25923 +
Staphylococcus epidermidis ATCC 12228 -
Streptococcus pneumoniae ATCC 27336 -
Streptococcus agalactiaeATCC 12403 -

2ATCC, American Type Culture Collection; DMST, Department
of Medical Sciences Thailand

b- = no inhibitory ability; + = having inhibitory ability

Effect of oxacillin on bacteriophage

To use bacteriophage UBU-SAT1 in combination with oxa-
cillin, it is very important to examine if the antibiotic has
an inhibitory effect on the bacteriophage. After incubating
bacteriophage UBU-SA1 (10% PFU/mL) with different con-
centrations of oxacillin ranging from 200 - 12.5 pg/mL for
24 h, it was found that the bacteriophage titers were not
different from the initial titer for every oxacillin concen-
tration. These findings suggest that oxacillin has no detri-
mental effect on bacteriophage UBU-SA1 and it is safe to
use both of them simultaneously to inhibit S. aureus ATCC
25923.

MICs of bacteriophage and oxacillin when used
individually

MICs of bacteriophages and antibiotics are not fixed. They
are varied depending on sensitive bacterial strains. It is im-
portant to determine MICs of bacteriophages and antibiotics
whenever different sensitive strains were tested. Therefore,
in this study, MICs of bacteriophage UBU-SA1 and oxacillin
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against S. aureus ATCC 25923 had to be determined since
they have not been reported anywhere.

By using the spot test, it was found that concentrations of
bacteriophage UBU-SA1 producing a clear inhibition zone
against S. aureus ATCC 25923 were 10° PFU/mL and above.
From these results, the MIC of bacteriophage UBU-SA1
against S. aureus ATCC 25923 was 105 PFU/mL.

By using the spot test, it was found that concentrations of
oxacillin producing a clear inhibition zone against S. aureus
ATCC 25923 were 50 pg/mL and above. From these results,
the MIC of oxacillin against S. aureus ATCC 25923 was 50
pg/mL.

MICs of bacteriophage and oxacillin when used
in co-treatment

When bacteriophage UBU-SA1 or oxacillin with concentra-
tions less than MIC values (sub MIC values) were used to-
gether to inhibit S. aureus ATCC 25923, each of them could
not inhibit the bacterial host. However, when they were used
in combination, they were able to inhibit S. aureus ATCC
25923 and the lowest concentrations of bacteriophages
UBU-SALI and oxacillin that could inhibit the host were 10°
PFU/mL (MIC,/100) and 12.5 pg/mL (MIC_/4), respec-
tively (Table 2). To analyze the effect of bacteriophage and
oxacillin combination against S. aureus ATCC 25923, FICI
was calculated to be 0.26. This FICI value indicates a syner-
gistic effect between bacteriophage UBU-SA1 and oxacillin
against S. aureus ATCC 25923.

Table 2: Bacteriophage UBUSA1-oxacillin co-treat-
ment against S. aureus ATCC 25923.

(0)ETullli Bacteriophage UBU-SA1 concentration
concentration N, pacte- MIC,/100 MIC, /10 MIC,

riophage
No oxacillin - - - +
MICO/4 - + + +
MIC,,/2 - + + +
MIC + + + +

[0}

MIC, = MIC of bacteriophage UBU-SA1; MIC,, = MIC of oxacil-
lin
“- = no inhibitory ability; + = having inhibitory ability

DISCUSSION

In general, bacteriophages are often found in places where
their hosts are present. Therefore, theoretically, the best way
to isolate bacteriophages is to isolate them from the same
samples where their hosts exist. For example, bacteriophage
PAh4 specific to a fish pathogenic Aeromonas hydrophila
URI1was isolated from pond water where its specific host
was found.”” However, in this study, bacteriophage UBU-

SA1 and its specific host are isolated from different sources.
This is not an unusual case because several bacteriophages
were isolated from places outside from where their specific
hosts exist. These findings emphasize that bacteriophages
are widespread in environments. Examples of bacteriophag-
es isolated from sources different from places where their
hosts were found include bacteriophage ST1 (specific to
Salmonella Typhimurium)'® and bacteriophage Kpn5 (spe-
cific to Klebsiella pneumoniae).'"” Both bacteriophages were
isolated from sewage influents whereas their specific hosts
were derived from clinical samples.

The narrow host range of bacteriophage UBU-SA1 should be
advantageous, in principle, as a therapeutic bacteriophage re-
sulting in less harm to normal flora than commonly used an-
tibiotics. However, bacteriophages with a narrow host range
may cause limitations in their therapeutic use. This problem
can be overcome by using cocktails of several bacteriophag-
es'® or combinations of bacteriophages and antibiotics."

To our knowledge, no beta-lactam antibiotics have been re-
ported to have inhibitory activity against bacteriophages. For
oxacillin, its bactericidal activity results from the inhibition
of cell wall synthesis and is mediated through oxacillin bind-
ing to penicillin-binding proteins (PBPs). By binding to spe-
cific PBPs located inside the bacterial cell wall, oxacillin in-
hibits bacterial cell wall synthesis. Cell lysis is then mediated
by bacterial cell wall autolytic enzymes such as autolysins.
Oxacillin may interfere with an autolysin inhibitor.”” Unlike
bacteria, bacteriophages have no cell wall thereby escaping
from the bactericidal activity of oxacillin.

Several cases of synergistic effects between bacteriophages
and antibiotics against bacterial hosts have been reported.
Bacteriophage EPA1 when combined with gentamicin showed
profound improvement in killing effect against Pseudomonas
aeruginosa PAO1.2' Antimicrobial synergy between bacterio-
phage T4 and cefotaxime was also observed against Escheri-
chia coli ATCC 11303.?However, antagonistic effect between
bacteriophages and antibiotics against bacterial hosts has been
observed. This can be in part explained by interference of anti-
biotics with aspects of bacterial physiology that can be crucial
to bacteriophage antibacterial activities such as by interfering
with bacterial ribosome functioning.”®

CONCLUSION

Bacteriophage UBU-SA1 was isolated from a hospital
wastewater sample. It was highly specific to S. aureus ATCC
25923. The combined treatment using bacteriophage UBU-
SA1 and oxacillin profoundly improved antimicrobial activ-
ity against S. aureus ATCC 25923 when compared with their
treatments. With further investigation, the bacteriophage, by
itself or in combination with antibiotics, may be useful as a
therapeutic agent in controlling S. aureus.
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