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The first report of a Salmonella enterica serovar Havana
phage and its lytic activity at storage temperature
of processed chicken
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Salmonella enterica serovar Havana was isolated from raw, unprocessed chickens. A
bacteriophage, designated as Bacteriophage A3CE, capable of lysing S. Havanawasisol ated
from soil. It possesses an icosahedral head, a contractile tail, and linear, double-stranded
DNA genome classified under the Family Myoviridae. There was a >90% reduction in the
number of host, given that theratio of phage A3CE to S. Havanawas 10 or more (MOI>10),
6 h after the bacteriophage wasintroduced to the host at room temperature. Phage A3CE and
itshost were mixed and incubated at both room temperature and 4°C (same concentration for
both temperatures). Results show that thereis no significant difference between the activity
of the isolated phage at room temperature and at 4°C (p>0.05). Thus, Phage A3CE was
effective in reducing the number of S Havana at both temperature conditions making it a
promising alternative agent against the said bacterium. Thiswasthe first study to document
S Havana phages and was the first recorded Salmonella phage in the Philippines.
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INTRODUCTION technologies employed to inactivate them in

food are not infallible and can be compromised
Food-borne diseases has been and currently is [2].

aglobal problem, with roughly 48 million people

(/6" of the population) areinfected annually in - Salmonella is a Gram-negative, rod-shaped,
the United States [1]. The steady incline of  facultatively anaerobic, motile, non-spore
several food-borne diseases caused by forming bacterium of the Family
Salmonella, Campylobacter, Escherichia coli,  Enterobacteriaceae, also known as enteric
Listeria, and other bacterial pathogens that  bacteria. SAlmonellaeresideintheintestinal tract
impact public health, prove that the current  of humansand animals[3]. Salmonellosisisthe
*To whom correspondence should be addressed disease cased b.y these baCterla.Whlc.:h can
dmadzp1010@yahoo.com range from bacterial diarrheato septicemia[4].
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Consumption of contaminated foodsisthe usual
route of the disease. The avian species have
been frequently implicated as the major source
of Salmonellosis. In 2004, it wasreported asthe
most frequent causative agent of food-borne
bacterial infection based from the Food Diseases
Active Surveillance[5].

Salmonella enterica serovar Havana was first
reported in 1937 during an outbreak of
meningitis in a maternity hospital where 21
newborns came down with severe purulent
meningitis and al of these were accounted as
fatal within one to three days. Moreover,
according to the Foodborne Illness Outbreak
Database, an outbreak of S. Havana was aso
accounted in Georgia during 1987 wherein
chickenwastheimplicated vehicle[6].

Bacteriophages are viruses that infect bacterial
cellsand multiply within them. They are capable
of lysing specific bacterial strain by penetrating
through their cell membrane and disrupting
metabolic processes|[7]. Thetherapeutic use of
lytic bacteriophages to treat pathogenic
bacterial infections is implied through
bacteriophage therapy. Lytic phages are the
most suitable candidates for phage therapy
becausethey quickly reproduce withinand lyse
the bacteria in their host range, growing
exponentially in number during the process|[8].

The use of bacteriophagesto control pathogens
infoodsisrelatively new compared to their use
in therapeutic and diagnostic application. Phage
bio-control in foods has been investigated
primarily in fresh produce, dairy, and meat
products [8]. Bio-control of bacteria during
industrial processing can be done by the
application of phages directly on the surface of
foods. Data obtained from experiments suggests
that phages are very effective in controlling
bacterial growth but lose effectivenessin non-
growing bacteria. To remedy these cases,
applying high titers of phages can be performed

to control pathogens by “lysis from without”
mechanisms[12].

The potential use of safe, clean, and innovative
bio-control agents such aslytic bacteriophages
is gaining importance as the industry looks for
an aternative to chemical-based compounds
which when consumed frequently in high
amounts may cause side-effects[5]. Inthisstudy,
the potential of a bacteriophage to effectively
lyse Salmonella under storage temperature was
determined.

EXPERIMENTAL

Collection of chicken samples. Thirty (30)
chicken intestine samples from newly
eviscerated chickens collected from a Dressed
Chicken and Processing Plant located in Loma
de Gato Marilao, Bulacan were placed into 30
different sterile polypropylene plastic bags. An
electric sealer wasthen used to seal each plastic
bag. After sealing, these were placed inside
ziplock bags and stored in cooler withice (~4°C)
and were immediately transported to the
laboratory for processing.

Bacterial organism. Isolation of Salmonella
was done using the ISO method 6579:2002.
Twenty-five (25) grams of each chicken sample
were pre-enriched in 225 mL of Buffered Peptone
water for 24 h at 37°C. Selective enrichment
followed where0.1 mL of the pre-enriched sample
was added to a tube containing 10 mL of
Rappaport-Vassiliadis broth and 1 mL of the pre-
enriched sample was added to atube containing
9mL Tetrathionate broth. The enrichment broths
were then incubated at 41.5°C for 24 h for the
Rappaport-Vassiliadis broth and at 37°Cfor 24 h
for the Tetrathionate broth. The enrichment
brothswerethen plated on Brilliant Green Agar
(BGA) and Xylose Lysine Desoxycholate Agar
(XLDA) and were incubated for 24 h at 37°C.
Coloniesresembling Salmonella colonieswere
picked using an inoculating loop and were
purified on the same medium. Pure, presumptive
Salmonella colonies were then grown on
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Nutrient Agar (NA) and were subjected to
different biochemical tests and serotyping for
confirmation [10].

The biochemical tests performed (in accordance
to 1SO 6579:2002 and Bergey’s Manual of
Determinative Bacteriology) to verify theidentity
of the presumptive Salmonella colonies were
sugar utilization (Glucose, Sucrose, and L actose)
and H,S production (TSIA), Urea Hydrolysis,
Lysine Decarboxylation, Voges-Proskauer
reaction, and Indole production.

Colonies confirmed to be Salmonella through
biochemical testing wereinoculated onaTryptic
Soy Agar (TSA) slant and were sent to the
Research Ingtitutefor Tropical Medicine (RITM)
in Alabang, Muntinlupa, Philippines for
serotyping.

Isolation and purification of bacteriophage.
Theagar layer method was used for theisolation,
purification, and high titer preparation of
bacteriophages lytic for Salmonella spp. [11—
13].

Transmission electron microscopy (TEM) of
phages. Purified bacteriophage filtrates were
sent to the Pathology Department, Research
Institute for Tropical Medicine (RITM) in

Alabang, Muntinlupa for TEM. The electron
micrographs were taken using Jeol 1220
transmission el ectron microscope under 40,000
and 60,000x magnification and underwent
negative staining using phosphotungstate (PT)
reagent afterwards.

Designing arangeof Multiplicitiesof I nfection
(MOl 's) and assessing its effect on the number
of Salmonella spp. A 33 matrix (Table 1) of PFU/
mL against CFU/mL was used to cover arange
of MOIs. The MOI was used to describe the
ratio of phage to bacteria and in this instance;
ratiosranging from 0.01 to 10,000 was empl oyed.
The matrix was then used to analyze the effects
of administering various phage titres (10, 107,
and 108 PFU/mL) to arange of Salmonella spp.
concentrations (104, 10%, and 108CFU/mL) [14].

Every combination of phage and Salmonella
onthematrix were prepared. At certainintervals:
0, 6, 12, 18, and 24 h. The number of surviving
Salmonella spp. were enumerated by preparing
decimal dilutions and were spread on XLD
plates.

Comparison of bacteriophage activity at 4°C
and at room temperature. One (1) mL of the
phage filtrate was added to 5-h old Salmonella
spp. in TSB. The mixture was stored in a

Figure 1. Transmmission electron micrograph of Phage A3CE: PT, 40,000x, cluster of seven phages (A); PT, 60,000x,
showing icosahedral head with contractile sheath and six fibers (B); and, PT, 60,000x, showing icosahedral
head with contractile sheath and one pin (C). 1. Nucleocapsid, 2. Collar, 3. Protein sheath, 4. Tail fibers,

5. Tail pin
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container stored at 4°C. Another similar mixture
was stored at room temperature and served as
the control. Once the mixtureswere stored, this
was considered astime 0. At certainintervals: O,
6, 12, 18, and 24 h, the mixtures were subjected
to plaque assay using the agar overlay method
[1, 14]. The results were used to determine
whether the storage temperature (4°C) had a
significant effect on the efficacy of the
bacteriophage in comparison to that of under
room temperature condition.

Data collection and analysis. In order to
determine the efficacy of bacteriophage against
S. Havana under 4°C storage temperature
versus storage at room temperature (25°C), data
gathered were subjected to t-test (o. = 0.05)

RESULTS AND DISCUSSION

Bacteria

All 30 samplesyielded presumptive Salmonella
colonieson XLDA and BGA, thetwo selective
medium used for isolation. The Salmonella
resembling colonies were further subjected to
biochemical tests for confirmation. Overall
results of the biochemical test of all theisolates
were consistent to show that it is confirmed as
Salmonella spp. (Positive for Glucose
Fermentation, H,S production, and Lysine
Decarboxylation, and Negativefor Sucrose and
L actose Fermentation, Urea Hydrolysis, Voges
Proskauer Reaction, and Indole Reaction) [10].

Two isolates were randomly chosen and was
sent to the RITM for serotyping. The results
showed that the serotype of both isolates was
S. Havana. This confirms the probability of
isolation of S. Havanain chickenswhich isthe
usual carrier of thiskind of organism [6]. This
isolation, though, is the first of its kind being
isolated in poultry in the country which
implicatesits presencein the poultry population
in the industry. This may not account to the
frequency of the organism but its presence
definitely implies the possibility of acquiring

diseases caused by thisorganismlike meningitis
in neonates [6]. If not properly controlled, an
outbreak is possible in consumers who are
unaware of its possible threat.

I solation of bacteriophage

Phage filtrate. The filtrates positive for the
presence of bacteriophages as shown by the
expression of plaques in plates, were obtained
from filtering enriched samples using 0.45 um
and 0.22 um Acrodisc syringe filters and
confirming through spot plate method.

Plaque expression. The phage filtrates were
subjected to plague assay method (agar layer
method) which allowed distinct characterization
of plaques and convenient isolation and
purification of bacteriophages. The selected
plague were picked and purified on a bacterial
lawn of a5-h old S. Havana. Among the phage
filtrates, the group picked the filtrate of MG
(small) and its corresponding phage was given
the designation A3CE. This is because the
plagues formed by Phage A3CE are clear and
defined. Clear plagues indicate that the phage
is lytic [15]. Plaques formed by Phage A3CE
indicate that this bacteriophage was more
efficient inlysing its host compared to the other
phages. The size of the plagues of Phage A3CE
wasaround 2 mm and appeared asearly as6 hin
the solid medium after the plague assay. The
plagues also did not increase in size after 24 h,
distinguishing them from plagues formed by B.
dellovibrio which continue to increase in size
until it cleared the entire lawn of the bacterial
host.

TEM. PhageA3CE (Fig. 1) isatailed phage, and
amember of the Order Caudovirales. The Order
Caudovirales are divided into three families
namely: Myoviridae, Siphoviridae, and
Podoviridae. Members of the Family
Myoviridae have contractile tails consisting of
a sheath and a central tube (with at least 1250
observations and accountsfor 25% of thetailed
phages) [15]. Phage A3CE has an icosahedral
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Figure 2. Number of recoverable S. Havana colonies
(CFU/ml) per MOI.

head measuring 125 nm, a collar, a contractile
tail with ameasuring of 65nm, tail fibers, and a
tail pin.

Bacteriophage activity at 40°C

The activity of bacteriophage at 4°C was
compared with the bacteriophage activity under
room temperature (25°C) by testing the efficiency
of the bacteriophageto lyseitshost cell through
plague formation. Statistical treatment on the
obtained results using two-tailed t-test yielded
ap-value of 0.903896, indicating that there was
no significant difference on the effects of both
temperature sets on the lysing capability of the
bacteriophage. Thismeansthetest temperature,
4°C, only delayed the bacteriophage in lysing
the S. Havana colonies that is why the number
of bacteriophage was slightly lower compared
to room temperature. However, it did not
adversely affected the bacteriophage in its
lysing capabilities, making it a suitable bio-
control agent in food products since 4°C is a
common storage temperature. This result is
consistent with other studies wherein phages
remained viable and no significant decrease in
their lytic capability after being subjected to
storagetemperature[14, 16, 17].

Multiplicity of infection is simply the ratio of
the density of the bacteriophage to the density

Tablel. Multiplicities of Infection (MOls)

Salmonella spp. Bacteriophage Inoculum
Inoculum (PFU/mL)
(CFU/mL) 10° 107 10°

10° 1 0.1 0.01
10° 100 10 1
10* 10,000 | 1,000 100

of its bacterial host cells[15]. The set-up used
in the experiment covered MOI values ranging
from 0.01t0 10,000 (Table 1). Theresults (Fig. 2)
obtained showed that there is an observable
log phase of bacterial cellsduringitsfirst 12-h
incubation. However, at the 18-h period, thereis
asignificant decrease in number of cellswhich
indicates that the bacteriophage achieved its
maximal burst size, consequently leading to the
declinein number of the bacterial colonies. The
decline in number of bacterial colonies was
because of the applied bacteriophage and not
the natural death phase of the bacteriaisbecause
the negative control only reached the stationary
phase and not the death phase.

There are >90% reductions in the number of S.
Havanacolonieson MOI greater than 10, except
for MOI 1000. Thisis parallel to the results of
another study wherein there are greater than 2
log,, reductions of bacteria on MOI's 10 or
above[13]. Throughthesedata, it can beinferred
that bacteriophage A3CE iseffectivein reducing
the numbers of S. Havana. A factor that
contributes to this efficacy is the number of
bacteriophage applied to the bacterial mixture.
The use of bacteriophage in excess to the
bacterial concentration (in the case of thisstudy,
an MOl of 10) proved to be crucial in reducing
the number of S. Havana colonies. This
suggests that the use of bacteriophage A3CE
as a bio-control agent exhibits a passive
therapeutic effect. Under these conditions the
initial phage doseissufficiently in excess of the
target bacterium popul ation to cause reductions
without the need for the bacteriophage to
replicate and completetheir lifecycle.
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CONCLUSION

A bacteriophage, designated as Phage A3CE,
Iytic for an isolated Salmonella spp. (later
identified as S. Havana) was isolated. This is
the first Salmonella spp. phage to be isolated
and studied in the Philippines. Thisis aso the
first study to isolate aphage specifically for the
S. Havana serotype.

Theefficacy of PhageA3CE inlysing S. Havana
at 4°C wascompared to that of room temperature
(25°C) by computing their respective PFU/mL
after 24 h. Statistical analysis shows that there
isno significant difference on phage activity at
4°C and at room temperature (25°C) meaning that
storage temperature does not hinder the lysing
capabilitiesof Phage A3CE. A 3x3 matrix of MOI
was also designed to determine which ratios
were effective. At MOIs >10, there is a >90%
reduction on the recoverable S. Havana
colonies. Thisimpliesthat at ratios 10:1 or higher,
Phage A3CE was effective in reducing the
numbers of S. Havana and therefore can
potentially serve as a viable bio-control
alternativeto chemical preservatives.
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