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ARTICLE INFO ABSTRACT

Avrticle History: Ensuring the quality of shrimp is essential to prevent exposure to Vibrio sp.
Received: Dec. 18,2024  bacteria. Consuming seafood contaminated with these bacteria can cause food
Accepted: Jan. 28, 2025  poisoning. Vibrio parahaemolyticus is a bacterium responsible for countless
Online: Feb. 7, 2025 cases of foodborne illness. Prolonged use of antibiotics to treat these infections
may lead to antibiotic resistance. As a safer alternative, bacteriophages can be

used to combat Vibrio parahaemolyticus infections. Bacteriophages are viruses
that specifically target bacteria. This study aimed to isolate bacteriophages from
blood clams and green mussels. Bacteriophages isolated from blood clams
(Anadara granosa) and green mussels (Perna viridis) were effective in lysing
the bacteria, as demonstrated by plaque formation on double-layer agar plates.
The bacteriophage density from blood clams was 3.7 x 10* PFU/mL, while from
green mussels, it was 1.38 x 107 PFU/mL. Host range tests showed that both
bacteriophages were capable of lysing Vibrio parahaemolyticus, Vibrio
alginolyticus, Vibrio cholerae, Vibrio harveyi, and Aeromonas hydrophila.
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Vibrio parahaemolyticus is currently one of Indonesia's leading export
commodities, as seen from its potential market prospects. However, shrimp exports have
problems with food quality and safety. One of the shrimp quality requirements according
to SNI 01-2728.1-2006 is that it is free from Vibrio sp. bacteria contamination.
Consuming seafood that has been contaminated with bacteria or the toxins it produces
can cause food poisoning (foodborne disease). The incidence of foodborne diseases after
consuming seafood is 10-20% of cases caused by Vibrio spp. bacteria (Hikmawati et al.,
2019). The Food and Environmental Hygiene Department reported that 28.7% of the 313
cases of food poisoning in Hong Kong from 1999 to 2003 were due to the consumption
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of crustaceans including shrimp, lobster, and others caused by Vibrio (Ahmed & Amin,
2018).

Vibrio parahaemolyticus is one of the Vibrio species that is pathogenic to both
shrimp commodities and humans. Research conducted by Fasulkova and Stratev (2024)
explains that Vibrio parahaemolyticus has become a leading cause of seafood-associated
gastroenteritis in Japan, the United States, and various other parts of the world. Acute
infections can lead to skin infections, gastroenteritis, and even death (Negrut et al.,
2020). Efforts to combat foodborne diseases caused by Vibrio parahaemolyticus often
involve the use of antibiotics, which are commonly consumed and used as a treatment for
infectious diseases. However, continuous use of antibiotics can inadvertently lead to
resistance in pathogenic bacteria (Bakkeren et al., 2020; Huemer et al., 2020). One
relatively safe approach to addressing Vibrio parahaemolyticus and managing foodborne
diseases is through the use of bacteriophages (Garvey, 2022; Lavilla et al., 2023).

Bacteriophages or bacterial viruses are obligate intracellular parasites that can only
reproduce by exploiting bacterial cells as their host, making them suitable as bacterial
biocontrol agents. Bacteriophages can be sourced from samples that match the habitat of
the target bacteria (Naureen et al., 2020; Guererro et al., 2021). Research by Gyawali
and Hewitt (2020) reported that Anadara spp. clams from the Gulf of Nicoya, Costa
Rica, were contaminated with Escherichia coli, Salmonella spp., and Vibrio
parahaemolyticus. Additionally, Lubis et al. (2022) stated that green mussels were
contaminated by Vibrio cholerae and Vibrio parahaemolyticus. As filter feeders, clams
filter water to obtain food, making them susceptible to contamination by microorganisms
such as Vibrio parahaemolyticus (Abd Wahid et al., 2022). Therefore, research on blood
clams (Anadara granosa) and green mussels (Perna viridis) as reservoirs for
bacteriophages is necessary.

MATERIALS AND METHODS

This research samples of blood mussels (Anadara granosa) and green mussels
(Perna viridis) were collected from the Mangrove Center Banyuurip, Ujungpangkah,
Gresik, East Java. The green mussel (Perna viridis) samples were harvested from the sea
using ropes tied to bamboo, while the blood mussel (Anadara granosa) samples were
manually collected during low tide. The samples were then placed in an insulation box
containing crushed ice and transported to the Advance Laboratory, Faculty of Fisheries
and Marine Science, Brawijaya University.

Preparation of Vibrio parahaemolyticus bacteria

The V. parahaemolyticus isolate, used as the host bacterium for confirmation, was
cultured on selective media, specifically TCBS (Thiosulfate Citrate Bile Salts Sucrose
Agar). A loopful of stock culture was taken and inoculated on TCBS medium using the
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streak plate method and incubated at 37°C for 24 hours (Lee et al., 2022). The growth of
V. parahaemolyticus on TCBS medium was indicated by small, greenish-blue colonies
(Pawar & Salgaonkar, 2023). Further confirmation was carried out by observing the cell
morphology of V. parahaemolyticus microscopically through Gram staining.

Bacteriophage isolation

The bacteriophage isolation process was conducted according to the method of
Tan et al. (2021), with modifications. In this process, 25g of shrimp shell samples and
25mL of pond wastewater were placed into separate Erlenmeyer flasks, and then 225mL
of SM Buffer was added. The mixture was centrifuged at 10,000 rpm at 4°C for 20
minutes. Subsequently, 20mL of the supernatant resulting from centrifugation was mixed
with 10mL of TSB media and 5mL of Vibrio sp. bacteria, followed by incubation for 24
hours at 37°C. The phage suspension produced was centrifuged at 4°C for 10 minutes at
10,000rpm. The resulting supernatant was then filtered using a 0.22um membrane filter.
The phage suspension produced was detected using plaque assay method and double-
layer technique. The obtained bacteriophage was then characterized for its morphology
using transmission electron microscopy (TEM).

Determination of bacteriophage density

According to Jatmiko et al. (2018), bacteriophage density was determined using
a serial dilution method. A bacteriophage stock was prepared, and 0.1ml was added to
0.9ml of SM Buffer. Dilutions were performed up to 107'°, with each dilution consisting
of 100l of the bacteriophage solution, which was then added to 3ml of TSA medium
(0.6%) containing 100pl of Vibrio parahaemolyticus and homogenized. The suspension
was poured into separate petri dishes containing TSA 1.5% and incubated at 37°C for 48
hours. Plagues that met the criteria (within a range of 25-250 plaques) were observed and
counted. If a lower bacteriophage density was expected, the bacteriophage stock was
further diluted with SM Buffer. The formula for calculating bacteriophage density was as

follows.
Number of plaques

Total P1 =
otal Hlaque Lysate volume x Dilution factor

Host range

The host range test, based on the method of Jatmiko et al. (2018), was conducted
using the spot test method. Host cultures were prepared in the early log phase in Nutrient
Broth (NB). The host bacteria used were Salmonella typhi, Pseudomonas aeruginosa,
Aeromonas hydrophila, Acinetobacter baumannii, Vibrio harveyi, Vibrio cholerae, and
Vibrio alginolyticus. For each host culture, 0.1ml of bacteria in the early log phase was
taken and spread onto the surface of Tryptic Soy Agar (TSA) using a cotton swab, then
left at room temperature for 30 minutes. Next, 5ul of bacteriophage stock was inoculated
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onto the TSA media with the host bacteria and incubated at 37°C for 24 hours to allow
the formation of plaques or clear zones.
RESULTS

Bacteria Vibrio parahaemolyticus

Colonies from TCBS plates were selected for further identification and isolated by
loop. Further confirmation was done by microscopic morphology of V. parahaemolyticus
cells through Gram staining, as shown in Fig. (1).

Fig. 1. Gram staining of Vibrio parahaemolyticus bacteria

Phage isolation

Blood clam (Anadara granosa) and green mussels (Perna viridis) serve as
samples capable of producing bacteriophages. Successful bacteriophage isolation is
indicated by the formation of plaques on double-layer agar plates. A plague is a clear,
round area that shows bacterial cell lysis caused by the phage. The results of
bacteriophage isolation show plaque formation in Vibrio parahaemolyticus cultures
derived from blood clam and green mussel samples, as presented in Fig. (2).

Bacteriophages constitute a group of viruses that can specifically infect and lyses
bacteria (Wegrzyn, 2022). Phages could prove to be superior to antibiotics, since they are
persisting, inactive and non-pathogenic outside their bacterial hosts. Compared with other
conventional therapeutic approaches, phage therapy could be more effective in treating
emerging resistant pathogenic bacterial strains. It is easily detectable, can kill biofilm-
forming bacteria, and has low inherent toxicity. Phages during the lytic course are
capable of increasing in number specifically where hosts are located (Bono et al., 2021).
Generally, it does not affect beneficial bacteria, and side effects are uncommon in phages,
as they do not impact eukaryotic cells.
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Fig. 2. Isolation of bacteriophages (KD: Blood Clam; KH: Green Clam)
was repeated twice

Table 1. Size of the isolated plagues from samples

Sampling site Plaque size Plague morphology
Phage -KD1 1 mm Clear zone
Phage -KD2 5mm Clear zone
Phage -KH1 2 mm Clear zone
Phage -KH2 7 mm Clear zone

Note: KD) Blood clam; KH) Green mussel

Determination of bacteriophage density

The highest bacteriophage isolate density was found in green mussels (1.38 x 10’
PFU/mL), while blood clams had a density of 3.7 x 10* PFU/mL. This was also observed
from the plaques present in the KD isolate, which was diluted up to 10°, whereas the KH
isolate was only diluted up to 10%. The density results from this study are illustrated in

Fig. (3).
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Fig. 3. Bacteriophage density results; KD) Blood clam; KH) Green mussel

The variation in bacteriophage titer at each dilution is caused by the bacterial
defense system against bacteriophage infection, the properties of the bacteriophages, and
the dilution treatments. This is consistent with the research by Ranveer et al. (2024),
which indicates that the inability of bacteriophages to lyse their hosts can occur due to
differences in environmental conditions, faster host growth, and natural defense
mechanisms against bacteriophage infection. The number of plaques is also influenced by
the specificity of the bacteria itself. Viruses that cannot infect bacteria are due to the
bacteriophage particles produced during infection having several imperfect components
(Lauman & Dennis, 2021; Brachelente et al., 2023). From the results of the
bacteriophage density, calculations were carried out by following the plaque requirements
of 25-250. The results of the bacteriophage density calculation can be seen in Table (2).

Host range bacteriophage

Each type of virus can infect cells from a limited range of hosts, referred to as the
host range. Host range testing of the bacteriophage isolates indicates that blood clams and
green mussels are capable of lysing bacteria other than Vibrio parahaemolyticus (Fig. 4).
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Table 2. Results of bacteriophage density

o Plaque count
No. Dilution factor

KD Density KH Density
1. 10-! 110 1,1x10* 240 2,4x10*
2. 102 63 6,3x10* 215 2,15x10°
3. 10° 20 - 160 1,6x10°
4. 10 0 - 136 1,36x10°
5. 10° 0 - 54 5,4x107
6. 10° 0 - 20 -
7. 107 0 - 8 -
8. 108 0 - 0 -
9. 10° 0 - 0 -
10 10710 0 - 0 -
Average Density (PFU/mL) 3,7x10* 1,38x107

Note: KD) Blood clam, KH) Green mussel

Fig. 4. A) V. parahaemolyticus; B) V. cholerae;
C) V. harveyi; D) V. alginolyticus; E) Pseudomonas aeruginosa; F) Salmonella typi;
G) Acinetobacter baumannii; H) Aeromonas hydrophila
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Several factors prevent phages from infecting other bacterial strains, including
variations or differences in host cell receptor molecules (adsorption blocking), the host
cell's restriction-modification system, and phage resistance mechanisms that result in
failure to infect the host cell (Jurado et al., 2022). Additional factors, such as the host's
restriction-modification system and resistance mechanisms, also contribute to the phage's
inability to infect other bacterial strains. Adaptations to different environmental
conditions and exploitation of different vectors are influential as well. Phages can
significantly modify bacterial communities, depending on their potential to propagate
within those communities (Thung et al., 2017; Drew et al., 2021).

Table 3. Results of host range bacteriophage

No. Host bacteria Isolate code
KD KH
1. Vibrio parahaemolyticus + +
2. Vibrio cholerae + +
3. Vibrio alginolyticus + +
4. Vibrio harveyi - -
5. Salmonella typi - -
6. Aeromonas hyrophila + +
7. Pseudomonas aeruginosa + -
8. Acinetobacter baumannii - -

Note: KD) Blood clam, KH) Green mussel

Morphology bacteriophage

Bacteriophage characterization was performed using the transmission electron
microscopy (TEM). The morphological characterization of phage strains on phage code,
tail type, and family can be found in Table (4).

Table 4. Characterization of bacteriophage

Phage code Morphology
Plaque Tail type Family
KD1 Medium size Non-contractile Tectiviridae
KD2 Medium size Non-contractile Tectiviridae
KH1 Small Non-contractile Cystoviridae

KH2 Small Non-contractile Cystoviridae
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Fig. 5. Bacteriophage density results; KD) Blood clam; KH) Green mussel

DISCUSSION

The Gram staining results showed that the bacterial isolate was rod-shaped and
classified as Gram-negative because it produced red-colored colonies after Gram staining.
This is consistent with the statement of Alawiyyah et al. (2017), which describes Vibrio
parahaemolyticus as having pink-colored cells, a characteristic of Gram-negative
bacteria, with a rod shape and occurring as single cells. According to Lainjong (2024),
Gram-negative bacteria, after being stained with a primary dye, lose their color when
treated with alcohol and then absorb safranin as a counterstain, appearing red (the color
of safranin) on the slide. In contrast, Gram-positive bacteria retain the primary dye and
are not decolorized by alcohol, appearing violet due to the crystal violet stain and do not
absorb the counterstain.

The formation of plaques on agar plates indicates bacterial cell lysis caused by
bacteriophages. Plaques are categorized into two types: clear plagues and cloudy plaques.
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Clear plaques indicate lytic phages, while cloudy plagues suggest lysogenic phages (Jing,
2012). According to Dennehy and Abedon (2021), virulent phages lead to rapid lysis
and the death of the bacterial host cell, whereas temperate (lysogenic) phages spend part
of their life cycle in a dormant state known as a prophage. One factor influencing plaque
characteristics is the adsorption rate of viral genetic material into the host cell.
Additionally, plaque size and quantity can vary due to several factors, including the
specific bacteriophage species, as each species produces a different number of progeny
(Glonti & Pirnay, 2022).

The highest bacteriophage density was obtained from the green mussel samples.
This is influenced by various environmental factors, including industrial waste,
household waste, and other food residues. Such contamination can trigger the growth of
Vibrio sp. and expose the biota in a given water body (Lubis et al., 2022). Bacteriophage
density can also be affected by differences in the viability of bacteriophages in each
sample. Poor environmental conditions (acidity, temperature, and moisture content),
along with the transition of the host into a dormant phase, can reduce bacteriophage
productivity (Lukman et al., 2020; Wdowiak et al., 2022).

Based on the host range testing results, two bacteriophage isolates exhibited a
narrow host range against Vibrio harveyi, Salmonella typhi, and Acinetobacter
baumannii. This narrow host range is attributed to adaptations to different environments
and the host's resistance systems against phage infection (Chevallereau et al., 2022;
Huang et al., 2024), which means that phages with a narrow host range can only lyse a
limited number of host bacterial strains. The results of the host range tests were more
specific to Vibrio cholerae, Vibrio alginolyticus, Aeromonas hydrophila, and
Pseudomonas aeruginosa. Bacteriophages with a wide host range can lyse many strains
of host bacteria, making them widely used for phage applications (Sliwka et al., 2022;
Bozidis et al., 2024; Kovacs et al., 2024).

The Tectiviridae family is characterized by bacteriophages that have non-
contractile tails (Evseev et al., 2024). These phages have a unique structure with an
icosahedral capsid containing an internal lipid membrane, but they do not possess a tail
structure that contracts. The tail is typically short and rigid, used for attachment to the
bacterial host but not for injection through a contractile mechanism. The icosahedral
capsids of Tectiviridae members are about 65-70 nanometers in diameter, placing them in
the small to moderate size range (Sanz-Gaitero, 2021).

The Cystoviridae family of bacteriophages is characterized by having non-
contractile tails. These phages are unique in that they have an enveloped structure with a
segmented double-stranded RNA genome. The Cystoviridae family is generally classified
as small to moderate in size. These bacteriophages have a diameter of approximately 80-
100 nanometers, which places them in the small to medium size range compared to other
bacteriophages (Salomaa, 2021). Their structure includes an icosahedral capsid with an



Host Range of Lytic Bacteriophages as Biocontrol Agents for Pathogenic Bacteria 1403
Causing Foodborne IlInesses in the Vannamei Shrimp (Litopenaeus vannamei)

envelope, which contributes to their slightly larger size compared to non-enveloped small
phages.

CONCLUSION

Bacteriophages targeting Vibrio parahaemolyticus were successfully isolated from
green mussels and blood clams, demonstrating a broad host range against Vibrio
alginolyticus, Vibrio parahaemolyticus, Vibrio cholerae, Vibrio harveyi, Aeromonas
hydrophila, and Pseudomonas aeruginosa. The bacteriophage isolated from blood clams
was classified under the order Petitvirales within the Tectiviridae family, while the
bacteriophage from green mussel was classified under the order Mindivirales within the
Cystoviridae family. Further purification and molecular identification of the isolated
bacteriophages are necessary. Given their demonstrated broad host range against
foodborne pathogens, these bacteriophages have potential for development as safer
biocontrol agents.
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