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Abstract
A total of 177 motile Aeromonas spp., comprised of A. hydrophila (n=162)
and A. sobria (n=15), isolated from the water, sediment, gills and intestines
of tilapia collected from the grow-out culture earthen ponds in the
Philippines were investigated for their antimicrobial susceptibility to 10
antibiotics commonly used in fish aquaculture. All motile Aeromonas spp.
tested generally exhibited a very high percentage of resistance to
amoxicillin (A. hydrophila: 95%; A. sobria: 100%), erythromycin
(99%;100%), neomycin (83%;100%), and oxytetracycline (92%;100%),
respectively. On the contrary, they showed substantial susceptibility to
chloramphenicol, nitrofurantoin, doxycycline, enrofloxacin and norfloxacin.
Results of the antimicrobial susceptibility testing demonstrated that 94.4%
and 100% of A. hydrophila and A. sobria isolates tested were resistant to
antibiotics belonging to at least 3 or more categories and therefore
considered as multiple drug resistant strains. The multiple antibiotic
resistance (MAR) indexing of A. hydrophila and A. sobria strains showed
that they originated from high-risk sources.
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Introduction

Tilapia (Oreochromis spp.) is among the major aquaculture species intensively farmed
worldwide. In the Philippines, tilapia has by far emerged as a major commercially important
fish species ranking second to milkfish with regard to the country’s economic and social
development (Romana-Eguia et al., 2004, 2022). The Nile tilapia O. niloticus is the most
widely cultured species in freshwater and brackishwater ponds, lakes, and reservoirs owing
to its capability to be cultured even under marginal conditions (Romana-Eguia et al., 2004,
2022). However, a semi-intensive and intensive culture of tilapias in earthen ponds,
typified by high stocking density, can inescapably instigate the diminution of the quality of
the rearing environment thereby rendering tilapias become more susceptible to diseases.
An amalgamation of various abiotic factors including environmental degradation
exemplified by abnormal water physicochemical parameters such as low dissolved oxygen
and high ammonia levels can consequently inflict remarkable stress that most often than
not result in fish morbidity and eventual mortality. Concomitantly, environmental
degradation plausibly facilitates the multiplication of opportunistic bacterial pathogens
which in reality are members of the natural bacterial microbiota ubiquitously residing in
tilapia and their rearing environment (Pakingking et al., 2015, 2020). Hence, under harsh
environmental conditions typified by the build-up of excessive organic matter in the rearing
water due to excessive accumulation of uneaten feeds, logarithmic proliferations of these
opportunistic bacteria in the water and concomitantly in tilapia’s gills and intestines may
inadvertently result to the occurrence of disease epizootics (Al-Harbi and Uddin, 2005;
Pakingking et al., 2015, 2020). Several bacterial species have been implicated in diseases
of different fish species including tilapia, however, Aeromonas spp., known pathogenic
bacteria harmful to fish and humans, have by far been extensively reported (Austin and
Austin, 2012; Janda and Abbott, 2010).
Aeromonas spp. are common aquatic microorganisms widely distributed in freshwater,
brackish water, river water, groundwater, spring water, irrigation water, and sewagecontaminated water among others, clearly showing that aquatic environment represents
an important reservoir for aeromonads (Al-Harbi and Uddin, 2005; Austin and Austin,
2012; Janda and Abbott, 2010; Pakingking et al., 2015, 2020). The extensive distribution
of aeromonads in diverse aquatic ecosystems underlines their capacity to adapt to
environments with different trophic levels (Janda and Abbott, 2010). Motile pathogenic
Aeromonas spp. such as A. hydrophila, A. caviae, A. sobria, A. jandei, and A. veronii, have
been implicated in bacterial diseases with resultant mortality reaching up to 80 to 100% in
cultured tilapia (Dong et al., 2017; El Latif et al., 2019; Li and Cai, 2011; Raj et al., 2019;
Roy et al., 2019). Infection with Aeromonas spp. is typically characterized by hemorrhagic
ulcers on the skin and fin erosion (AlYahya et al., 2018; Janda and Abbott, 2010, Ly et al.,
2009, Xia et al., 2022). Because Aeromonas spp. can ubiquitously inhabit marine and
freshwater environments, under unfavorable rearing conditions, they can inevitably
emerge as opportunistic pathogens that can devastatingly impact the tilapia farming
industry (Austin and Austin, 2012; Janda and Abbott, 2010; Santos et al., 2011).
In the Philippines, mortalities of cultured tilapias due to bacterial infections, i.e. with A.
hydrophila frequently isolated from the kidney or exophthalmic eye of infected fish, have
been reported (Yambot, 1998). To mitigate losses, farmers have resorted to using
antibiotics and other chemical agents as prophylactic and therapeutic agents for various
bacterial diseases of tilapia. However, over the years, the indiscriminate use of antibacterial
agents has not only caused death and morphological deformities in fish but consequently
led to the development of resistant bacterial strains thereby posing serious public health
hazards (Janda and Abbott, 2010). For example, the incorporation of sub-therapeutic doses
of antibiotics into feeds to treat aeromonad infection of tilapia reared in ponds and floating
net cages in lakes and rivers has become a serious problem in developing countries. In the
Philippines, although regulation on the use of these antimicrobials and chemicals in
aquaculture has been recently worked out by the Bureau of Fisheries and Aquatic Resources
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(BFAR) (Regidor, 2020), the application of antibiotics in animal husbandry and aquaculture
is still widely practiced in the country. This should be seriously taken into account
considering the fact that the widespread application of antibiotics is the most critical factor
responsible for amplifying the level of resistance in a given reservoir (Wegener and
Frimodt-Moller, 2000). In fact, multiple antibiotic resistance (MAR) among Aeromonas spp.,
including A. hydrophila and A. sobria which are regarded as pathogens of tilapia, has been
reported from many parts of the world (Pettibone et al., 1996; Son et al., 1997; Ko et al.,
1998; Vivekanandhan et al., 2002; Hatha et al., 2005). Additionally, the widespread and
indiscriminate use of antibiotics to prevent and treat bacterial infections in tilapia has
consequently resulted in a global increase in antibiotic resistance among fish pathogenic
bacteria (Eid et al., 2022; Pauzi et al., 2020).
Based on the surveys conducted by the competent authority of the Philippines, the
Bureau of Fisheries and Aquatic Resources (BFAR), amoxicillin and oxyteracycline were the
antibiotics frequently used by farmers to treat bacterial infections of tilapia (Regidor,
2020). It should be also noted that based on the survey conducted by the BFAR and as per
personal communication with Dr. S. Somga (Head, National Fisheries Laboratory Division,
BFAR), fish farmers observed that the efficacy of amoxicillin and oxytetracyline
incorporated in feed as a treatment against bacterial infections, particularly when the
occurrence of mortality is encountered, has apparently reduced, plausibly due to the
emergence of drug-resistant bacteria. Moreover, aside from amoxicillin and
oxytetracycline, the indiscriminate use of other antibiotics in tilapia aquaculture over the
past several years may have likewise led to the emergence of multiple drug-resistant
bacteria. However, to date pertinent data that could be used as a reference to demonstrate
the occurrence of multiple antibiotic-resistant Aeromonas spp. in pond-produced tilapia in
the Philippines are unavailable. Because dominance of A. hydrophila and A. sobria in the
water and sediment, and gills and intestines of apparently healthy O. niloticus grown in
brackishwater earthen ponds has been comprehensively documented (Pakingking et al.,
2020), under these circumstances, we investigated in the current study the prevalence of
antibiotic resistance among A. hydrophila and A. sobria strains isolated from the water,
sediment, gills and intestines of tilapia collected from grow-out culture earthen ponds
(Pakingking et al., 2020) to antibiotics commonly used in aquaculture (Regidor, 2020;
Somga et al., 2012) and identified the high-risk source. Resolute results generated from
this study would plausibly serve as springboard aimed at developing strategies toward the
responsible use of antibiotics for effective disease management of cultured tilapia species.
Materials and Methods
Bacterial isolates
A total of 177 motile Aeromonas spp., i.e. comprised of A. hydrophila (n=162) and A.
sobria (n=15), previously isolated from the water, sediment, gills and intestines of tilapia
periodically collected from grow-out culture earthen ponds located in Barangay (village)
Lantad and Barangay Balaring, Silay City, province of Negros Occidental, Philippines
(Figure 1) (Pakingking et al., 2020), were subjected to antibiotic sensitivity test (Tables
1 and 2). These isolates were taxonomically identified at the species level using the criteria
specified in the Bergey’s Manual of Systematic Bacteriology (Holt, 1994) and API 20 E or
API 20NE (bioMeriuex, France) methods (Pakingking. et al., 2020). Pure cultures of these
isolates were stocked in tryptic soy broth (TSB; Merck) supplemented with 15% glycerol
at −80ºC.
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Figure 1 Map of Silay city, province of Negros Occidental, showing the locations of the sampling
sites in Barangay Balaring and Barangay Lantad.

Antibacterial susceptibility testing and determination of multiple antibiotic resistance (MAR)
index
The susceptibility of A. hydrophila and A sobria isolates was determined on MuellerHinton agar (MHA; Merck, Germany) employing the disc diffusion technique (Bauer et al.,
1966) as described by Gołaś et al. (2022). The antibacterial susceptibility tests involved
10 antimicrobial drugs belonging to the most popular classes of antibiotics including betalactams, phenicols, macrolides, aminoglycosides, nitrofurans, fluoroquinolones,
tetracyclines, and sulfonamides. Commercially available antibiotic sensitivity discs
(Mastdiscs™, Mast Group Ltd., UK) used in the assay included amoxicillin (25 µg),
chloramphenicol (30 µg), doxycycline (30 µg), erythromycin (15 µg), enrofloxacin (5 µg),
neomycin (30 µg), nitrofurantoin (300 µg), norfloxacin (10 µg), oxytetracycline (30 µg),
and trimethoprim-sulphamethoxazole (25 µg). 24h cultures of the bacterial isolates grown
on tryptic soy agar plates (TSA; Merck, Germany) were suspended in 0.85% sterile normal
saline solution (NSS), and the turbidity of the bacterial suspension was adjusted to match
0.5 McFarland standard. The bacterial inocula were then streaked on MHA plates using a
sterile cotton swab. After 30 min, the discs were placed on the agar surface using a disc
dispenser, i.e. sufficiently separated so as to prevent the overlapping of the inhibition
zones. The plates were then incubated at 30ºC for 18-24 h (Gołaś et al., 2022). The
antibiotic susceptibility of the tested bacterial isolates was evaluated based on the
guidelines of the Clinical Laboratory Standard Institute (CLSI, 2012). To verify the
antibacterial effect of the antibiotics tested, A. hydrophila BIOTECH 10090 was obtained
from the National Institute of Molecular Biology and Biotechnology, University of the
Philippines Los Baños, College, Laguna 4031, Philippines, was used as a control
microorganism.
The multiple antibiotic resistance (MAR) index was computed according to the method
described by Krumperman (1983). To determine the MAR index of a single isolate, the
number of antibiotics to which the isolate was resistant was divided by the number of
antibiotics to which the isolate was exposed. MAR index value higher than 0.2 is considered
to have originated from high-risk sources of contamination such as humans, commercial
poultry farms, swine, and dairy cattle wherein antibiotics are frequently used. MAR index
value of ≤0.2 is regarded as bacterial strains whose origin comes from animals that are
seldom or have not been exposed to antibiotics (Krumperman, 1983).
Results
Antimicrobial susceptibility of A. hydrophila and A. sobria isolates
As shown in Table 1, A. hydrophila isolates obtained from various sources generally
exhibited a very high percentage of resistance to four commonly used antibiotics in fish
aquaculture including neomycin (83%), oxytetracycline (92%), amoxicillin (98%) and
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erythromycin (99%). Surprisingly, while 35% of the A. hydrophila isolates were found
susceptible to trimethoprim sulfamethoxazole, 72% of these isolates obtained from the
pond water exhibited resistance. Notably, these A. hydrophila isolates examined were
highly susceptible to chloramphenicol, nitrofurantoin, doxycycline, and fluroquinolones
including norfloxacin and enrofloxacin (Table 1). In the case of A. sobria isolates, a similar
trend was likewise observed, i.e. these aforesaid isolates generally exhibited a very high
level of antibiotic resistance to amoxicillin (100%), erythromycin (100%), neomycin
(100%), and oxyteracycline (100%) (Table 2). Although 53% of the A. sobria strains
examined were resistant to trimethoprim sulfamethoxazole, it is quite alarming to note
that 80 and 100% of these strains isolated from sediment and intestines of tilapia were
resistant to this antibiotic, respectively. Additionally, A. sobria isolates tested were likewise
highly susceptible to chloramphenicol, nitrofurantoin, doxycycline, norfloxacin and
enrofloxacin (Table 2).
Table 1 Prevalence of antibiotic resistance among Aeromonas hydrophila strains isolated from the
water, sediment, gills and intestines of tilapia.

Antibiotic Class

Antibiotic

Beta-lactams
Phenicols
Macrolides
Aminoglycosides
Nitrofurans
Fluoroquinolones

Amoxicillin
Chloramphenicol
Erythromycin
Neomycin
Nitrofurantoin
Norfloxacin
Enrofloxacin
Oxytetracycline
Doxycycline
Trimethoprim
sulfamethoxazole

Tetracyclines
Sulfonamides

Water
(n=43)
100
0
100
100
2
0
12
100
0
72

Percent (%) resistant strains
Sediment
Gills
Intestines
(n=38)
(n=42)
(n=39)
100
95
95
5
0
0
97
100
100
76
64
90
8
0
0
0
0
0
34
10
18
95
83
90
5
0
3
18
19
26

Table 2 Prevalence of antibiotic resistance among Aeromonas sobria strains
water, sediment, gills and intestines of tilapia.

Antibiotic Class

Antibiotic

Beta-Lactams
Phenicols
Macrolides
Aminoglycosides
Nitrofurans
Fluoroquinolones

Amoxicillin
Chloramphenicol
Erythromycin
Neomycin
Nitrofurantoin
Norfloxacin
Enrofloxacin
Oxytetracycline
Doxycycline
Trimethoprim
sulfamethoxazole

Tetracyclines
Sulfonamides

Water
(n=6)
100
0
100
100
0
0
0
100
0
33

Mean
(n=162)
98
1
99
83
3
0
18
92
2
35

isolated

Percent (%) resistant strains
Sediment
Gills
Intestines
(n=6)
(n=1)
(n=2)
100
100
100
0
0
0
100
100
100
100
100
100
0
0
0
0
0
0
0
0
0
100
100
100
0
0
0
80
0
100

from

the

Mean
(n=15)
100
0
100
100
0
0
0
100
0
53

MAR index of A. hydrophila and A. sobria isolates
Results of the antimicrobial susceptibility testing demonstrated that 153 out of 162
(94.4%) A. hydrophila isolates tested were resistant to antibiotics belonging to at least 3
or more categories (Table 3) and therefore considered as multiple drug resistant strains.
As shown in Table 3, 32 (74.4%) of the A. hydrophila strains obtained from the pond water
exhibited remarkable resistance to at least 5 antibiotics. Overall, about 35.8% of the A.
hydrophila strains obtained from the pond water, sediment, gills and intestines of tilapia
were resistant to 4 antibiotics followed by 35.2%, 14.8% and 7.4% of 5, 3, and 6
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antibiotics, respectively. Interestingly, 0.6 % of the strains were resistant to 7 and 8
antibiotics, respectively (Table 3). In the case of A. sobria strains, 15 (100%) of the
isolates tested were remarkably resistant to antibiotics belonging to at least 3 categories
as shown in Table 4. In particular, 53.3% of the A. sobria strains examined were resistant
to 4 antibiotics followed by 40% and 6.7% of 5 and 3 antibiotics, respectively.
Table 3 Multiple antibiotic resistance (MAR) index of Aeromonas hydrophila strains isolated from the
water, sediment, gills and intestines of tilapia.
MAR
Index
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

Water
(n=43)
0
0
0
10
32
1
0
0
0

Source
Sediment
Gills
(n=38)
(n=42)
0
0
2
5
6
13
13
16
10
4
5
4
1
0
1
0
0
0

Intestines
(n=39)
0
2
5
19
11
2
0
0
0

Total
(n=162)
0
9
24
58
57
12
1
1
0

Percentage (%)
occurrence
0
5.6
14.8
35.8
35.2
7.4
0.6
0.6
0

Table 4 Multiple antibiotic resistance (MAR) index of Aeromonas sobria strains isolated from the
water, sediment, gills and intestines of tilapia.
MAR
Index

Source
Gills
(n=1)

Intestines
(n=2)

Total
(n=15)

Percentage (%)
occurrence

Water
(n=6)

Sediment
(n=6)

0.1

0

0

0

0

0

0

0.2

0

0

0

0

0

0

0.3

0

0

1

0

1

6.7

0.4

4

2

0

2

9

53.3

0.5

2

4

0

0

5

40.0

0.6

0

0

0

0

0

0

0.7

0

0

0

0

0

0

0.8

0

0

0

0

0

0

0.9

0

0

0

0

0

0

Discussion
As shown in Tables 1 and 2, the A. hydrophila and A. sobria strains that we examined,
particularly those isolated from the pond water, demonstrated a high level of resistance to
amoxicillin, a beta-lactam antibiotic, and this finding concurs with the previous reports of
many researchers, for example, from diseased cultured carp (Guz and Kozińska, 2004) and
rearing water of carp ponds in Poland (Zdanowicz et al., 2020), from farmed mud loach
(Misgurnus mizolepis) in Korea (Yu et al., 2015), and from marine species of shrimps
cultured at inland low salinity ponds in Thailand (Yano et al., 2015). As beta-lactam
antibiotics like amoxicillin have low toxicity, this class of antibiotics is by far the most
extensively used antibiotics, i.e. approximately 50% of global antibiotic consumption, to
treat a broad range of bacterial infections in cultured fish. As pointed out by Saavedra et
al. (2004), the genus Aeromonas is considered naturally resistant to beta-lactam
antibiotics. This is because of chemically unstable beta-lactam ring in the structure of betalactam antibiotics wherein they are readily susceptible to bacterial hydrolysis by
chromosomal beta-lactamases produced by Aeromonas spp., thus, easily eliminated (GoñiUrriza et al., 2000). Furthermore, the resistance of Aeromonas spp. to beta-lactam
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antibiotics can also be attributed to their ability to synthesize three extracellular enzymes,
i.e. beta-lactamase, acylase and penicillinase (Janda and Abott, 2010). These enzymes can
hydrolyze the amide bond of the beta-lactam ring of beta-lactam antibiotics and likewise
limit the permeability of cytoplasmic membranes to these antibiotics (Guz and Kozińska,
2004; Saavedra et al., 2004). It should be also noted that the number of Aeromonas strains
producing an extended spectrum of beta-lactamases capable of hydrolyzing beta-lactam
antibiotics has conspicuously increased in recent years and therefore, resistance to betalactams may plausibly become a serious global problem. The high level of antibiotic
resistance against amoxicillin noted for both A. hydrophila and A. sobria strains may also
indicate that the beta-lactamase gene might be widely present in the gene pool of microbes
in the studied aquatic environment (Lin et al., 2004).
A high level of resistance to erythromycin, a macrolide antibiotic, was also observed for
both A. hydrophila and A. sobria strains tested in the present study. This finding is
comparable to the data obtained by Son et al. (1997) who reported that 43% of the 21
Aeromonas strains recovered from Tilapia mossambica were resistant to erythromycin.
Additionally, 64-100% of the motile Aeromonas strains that we examined were resistant
to neomycin, coherent to the recent report of Fauzi et al. (2021) in A. hydrophila and A.
sobria strains isolated from various fish samples such as Oreochromis spp., Clarias
gariepinus, and Pangasius hypophthalmus, collected from Kelantan and Terengganu,
Malaysia.
Enrofloxacin has been commonly used against motile aeromonad septicemia caused by
A. hydrophila in Thai aquaculture together with oxyteracycline (Baoprasertkul et al. 2012).
This could be attributed to the fact that enrofloxacin in general possesses an excellent
antibacterial activity against virulent strains of A. hydrophila as previously documented by
Ren et al. (2014). In the Philippines, the use of enrofloxacin in aquaculture has also been
reported by Somga et al. (2012), although the specific target pathogen has not been
identified. However, oxyteracycline has by far gained popularity among fish farmers as the
preferred antibacterial agent against Aeromonas infection in cultured fish, which is usually
administered as medicated feed (Julinta et al., 2017). The high sensitivity result obtained
for enrofloxacin against A. hydrophila and A. sobria strains in the current study could be
perhaps attributed to the fact that this antibiotic has not been frequently used compared
to oxyteracycline. On the contrary, the very high percentage of oxytetracycline-resistant
A. hydrophila and A. sobria strains noted in this study, without doubting, have developed
resistance overtime due to the indiscriminate use of oxyteracycline in the facility where
these Aeromonas strains were isolated. It is worth noting that norfloxacin and doxycycline
are also commonly employed by tilapia farmers in the Philippines (Somga et al. 2012),
however, pertinent data on in vitro and in vivo studies about their efficacy against
Aeromonas infection in tilapia are currently unavailable (Regidor, 2020).
The chloramphenicol resistant strains were significantly low (1%) among A. hydrophila
strains isolated from the pond water. None of these strains isolated from sediment, gills,
and intestines of tilapia was found resistant to chloramphenicol. Ansary et al. (1992)
reported similar findings in Malaysian and American strains of A. hydrophila isolated from
fish. However, resistance to chloramphenicol has also been detected among A. hydrophila
strains recovered from T. mossambica (Son et al. 1997). It should be noted that the use
of chloramphenicol in fish and shrimp aquaculture has long been banned worldwide
(Bondad-Reantaso et al., 2012). It should be also taken into account that although the
Aeromonas strains examined in this study were all sensitive to nitrofurantoin, its application
as a prophylactic or therapeutic agent against bacterial infections in cultured fish species
including tilapia, is no longer feasible because BFAR, the competent authority, has banned
the use of this drug in food-producing animals including aquaculture (Regidor, 2020).
As large quantities of pathogenic A. hydrophila and A. sobria strains coming from the
feces of tilapia are released into the aquatic environments, their accumulation in the
aquatic environments can consequently contaminate fish harvested from these areas. With
the presence of these bacteria in tilapia’s rearing environment, exchanges of plasmids
between bacteria can result in a higher frequency of multiple antibiotic-resistant strains
(Hatha et al., 2005). It is therefore imperative that the use of antibiotics including
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amoxicillin, erythromycin, neomycin, oxytetracycline, and trimethoprim-sulfamethoxazole,
which are frequently used in hatcheries and grow out as prophylactic agents and medicated
feed, respectively (Somga et al. 2012), be regulated by the competent authority as their
continued applications in tilapia culture could promote greater dissemination of virulent
and drug-resistant strains of bacterial pathogens in the natural environment thereby posing
some impending threats to human health. This recommendation is evidently supported by
our current data highlighting the role of tilapia, pond water, and sediment as reservoirs of
multi-drug-resistant bacteria that may pose some risks to humans as food-borne infection
or following direct contact. The competent authority (BFAR) has recently implemented its
residue program to detect any illegal use of banned antibiotics, i.e. chloramphenicol and
nitrofurans, and comply with the maximum residue limits for the regulated antibiotics used
in food-producing animals including aquaculture (Regidor, 2020).
The present study illustrated multiple antibiotic resistance (MAR) among motile
Aeromonas strains recovered from tilapia and their rearing environment. In fact, majority
of the A. hydrophila and A. sobria strains tested were resistant to 3 up to 8 antibiotics
examined, indicating that these aforesaid motile Aeromonas strains were capable of
detoxifying those antibacterial organic compounds investigated in this study (Orozova et
al., 2008). Moreover, current data clearly indicate that A. hydrophila and A. sobria strains
ubiquitously inhabiting the ponds where they were isolated originated from high-risk
sources of contamination where antibiotics have been often used (Orozova et al., 2008).
It should be also noted that most classes of antibiotics that are used in medicine and
veterinary have been inadvertently introduced into water basins (Ko et al., 2003; Lin et
al., 2004). The occurrence of antibiotic resistance genes against different groups of
antibiotics in the genus Aeromonas derived from aquaculture is widely known (Piotrowska
and Popowska, 2014). Undoubtedly, the adaptive responses of bacterial communities to
several antibiotics have implications for the health of fish being reared in the studied
aquaculture environments (Orozova et al., 2008) and may plausibly reflect the history of
antibiotic application in these aquaculture facilities (Bondad-Reantaso et al., 2012).
Multiple antibiotic resistance in Aeromonas spp. inhabiting different water basins have been
documented globally by several authors (Deng et al., 2016; Matyar et al., 2010; Yano et
al., 2015). The rapid increase in the number of resistant and multi-resistant Aeromonas
spp. is attributed to the ability of these organisms to transfer antibiotic resistance by mobile
genetic agents (plasmids, transposons, IS elements, gene cassettes, class 1 integrons)
among bacterial populations by cell to cell contact (Dar et al., 2016; Patil et al., 2016;
Piotrowska et al., 2017). Majority of these mobile elements may harbor multiple
antimicrobial resistance determinants that may propel the propagation of antibiotic
resistance in aquaculture environments (Patil et al., 2016). Thus, the development of
multiple antibiotic resistance by different Aeromonas spp. including A. hydrophila and A
sobria isolated from tilapia and their culture environments in recent years has emerged as
a major problem in many parts of the world.
In summary, our current study constitutes the first comprehensive report elucidating
the high occurrence of multiple antibiotic resistant A. hydrophila and A. sobria strains
inhabiting tilapias’ gills and intestines, and their culture environment to antibiotics
commonly used in fish aquaculture. Our data further demonstrate that these multiple
antibiotic resistant bacteria originated from high-risk sources of contamination. Thus,
tilapia growers should be admonished to discontinue the indiscriminate and irresponsible
use of antibiotics in tilapia aquaculture in the Philippines as a pragmatic approach to control
if not abrogate the acceleration of emerging fish and human pathogenic Aeromonas spp.
possessing resistance to multiple antibiotics prescribed for veterinary and clinical use. This
recommendation should be aggressively implemented in tilapia hatcheries and grow-out
ponds because the release of multiple antibiotic resistant bacteria from the feces of fish
into their rearing environments will undoubtedly pave the way for the vaster spreading of
virulent bacterial pathogens in the natural aquatic environments and thus potentially into
the human food chain. Additionally, the occurrence of these multi-drug resistant
Aeromonas spp. in tilapia’s culture environments urgently requires prompt and thorough
assessment with regard to their potential role in fish infections in which antibiotic therapy
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would be required. Further studies are essential for better understanding of antibiotic
resistance of Aeromonas spp. in fish aquaculture in general particularly in areas where
uncontrolled and extensive use of antibiotics may cause the frequent occurrence of multiple
antibiotic resistance. The emergence of multiple antibiotic resistant bacteria including the
opportunistic fish pathogens such as Aeromonas spp. would undoubtedly become an
important problem in the future not only in fish health but importantly, in public health as
a consequence of the possible zoonotic transmission of these antibiotic resistance to
humans through consumption of bacterially contaminated fish.
Acknowledgments
This study was funded by the Department of Science and Technology-National Research
Council of the Philippines (DOST-NRCP) (NRCP Project No. E-225) and partly by SEAFDEC
AQD (study code: FH02-F2013-T). We would like to thank Mr. Eric Ledesma and the
laboratory staff of NPPMCI for the invaluable assistance during our sampling.
References
Al-Harbi, A. H., Uddin, N., 2005. Bacterial diversity of tilapia (Oreochromis niloticus) cultured in
brackish
water
in
Saudi
Arabia.
Aquaculture,
250(3),
566–572.
https://doi.org/10.1016/j.aquaculture.2005.01.026
AlYahya, S. A., Ameen, F., Al-Niaeem, K. S., Al-Sa’adi, B. A., Hadi, S., Mostafa, A. A., 2018.
Histopathological studies of experimental Aeromonas hydrophila infection in blue tilapia, Oreochromis
aureus. Saudi J Biol Sci, 25(1), 182–185. https://doi.org/10.1016/j.sjbs.2017.10.019
Ansary, A., Haneef, R. M., Torres, J. L., Yadav, M., 1992. Plasmids and antibiotic resistance in
Aeromonas hydrophila isolated in Malaysia from healthy and diseased fish. J Fish Dis, 15(2), 191–
196. https://doi.org/10.1111/j.1365-2761.1992.tb00653.x
Austin, B., Austin, D. A., 2012. Bacterial Fish Pathogens: Disease of Farmed and Wild Fish (5th
ed.). Springer Netherlands. https://doi.org/10.1007/978-94-007-4884-2
Baoprasertkul, P., Somsiri, T., Boonyawiwat, V., 2012. Use of veterinary medicines in Thai
aquaculture: current status. In M.G. Bondad-Reantaso, J.R. Arthur & R.P. Subasinghe, eds.
Improving biosecurity through prudent and responsible use of veterinary medicines in aquatic food
production, pp. 83—89. FAO Fisheries and Aquaculture Technical Paper No.547. Rome, FAO. 207 pp.
Bauer, A. W., Kirby, W. M. M., Sherris, J. C., Turck, M., 1966. Antibiotic susceptibility testing by
a
standardized
single
disk
method.
Am
J
Clin
Pathol,
45,
493–496.
https://doi.org/10.1093/ajcp/45.4_ts.493
Bondad-Reantaso, M. G., Arthur, J. R., Subasinghe, R. P., 2012. Improving biosecurity through
prudent and responsible use of veterinary medicines in aquatic food production. Food and Agriculture
Organization of the United Nations.
Clinical and Laboratory Standards Institute (CLSI), 2012. Performance Standards for
Susceptibility Tests, Approved Standard, 11th ed.; M02-A11; Clinical and Laboratory Standards
Institute: Wayne, PA, USA [Google Scholar]
Dar, D., Shamir, M., Mellin, J. R., Koutero, M., Stern-Ginossar, N., Cossart, P., Sorek, R.,
2016. Term-seq reveals abundant ribo-regulation of antibiotics resistance in bacteria. Science,
352(6282), aad9822. https://doi.org/10.1126/science.aad9822
Deng, Y., Wu, Y., Jiang, L., Tan, A., Zhang, R., Luo, L., 2016. Multi-drug resistance mediated by
class 1 integrons in Aeromonas isolated from farmed freshwater animals. Front Microbiol, 7.
https://www.frontiersin.org/article/10.3389/fmicb.2016.00935
Dong, H. T., Techatanakitarnan, C., Jindakittikul, P., Thaiprayoon, A., Taengphu, S.,
Charoensapsri, W., Khunrae, P., Rattanarojpong, T., Senapin, S., 2017. Aeromonas jandaei
and Aeromonas veronii caused disease and mortality in Nile tilapia, Oreochromis niloticus (L.). J Fish
Dis, 40(10), 1395–1403. https://doi.org/10.1111/jfd.12617
Eid, H. M., El-Mahallawy, H. S., Shalaby, A. M., Elsheshtawy, H. M., Shetewy, M. M.,
Eidaroos, N. H., 2022. Emergence of extensively drug-resistant Aeromonas hydrophila complex
isolated from wild Mugil cephalus (striped mullet) and Mediterranean seawater. Vet World, 55–64.
https://doi.org/10.14202/vetworld.2022.55-64
El Latif, A. M. A., Elabd, H., Amin, A., Eldeen, A. I. N., Shaheen, A. A., 2019. High mortalities
caused by Aeromonas veronii: identification, pathogenicity, and histopathological studies in
Oreochromis niloticus. Aquacult Int, 27(6), 1725–1737. https://doi.org/10.1007/s10499-01900429-8
The Israeli Journal of Aquaculture – Bamidgeh • ISSN 0792-156X • IJA.74.2022.1718250

10

Pakingking et al. 2022

Fauzi, N. N. F. N. M., Hamdan, R. H., Mohamed, M., Ismail, A., Mat Zin, A. A., Mohamad, N.
F. A., 2021. Prevalence, antibiotic susceptibility, and presence of drug resistance genes in
Aeromonas spp. isolated from freshwater fish in Kelantan and Terengganu states, Malaysia. Vet
World, 14(8), 2064–2072. https://doi.org/10.14202/vetworld.2021.2064-2072
Gołaś, I., Szmyt, M., Glińska-Lewczuk, K., 2022. Water as a source of indoor air contamination
with potentially pathogenic Aeromonas hydrophila in aquaculture. Int J Environ Res Public Health,
19(4), 2379. https://doi.org/10.3390/ijerph19042379
Goñi-Urriza, M., Capdepuy, M., Arpin, C., Raymond, N., Caumette, P., Quentin, C., 2000.
Impact of an urban effluent on antibiotic resistance of riverine Enterobacteriaceae and Aeromonas
spp. Appl Environ Microbiol, 66(1), 125–132. https://doi.org/10.1128/AEM.66.1.125-132.2000
Guz, L., Kozińska, A., 2004. Antibiotic susceptibility of Aeromonas hydrophila and A. sobria isolated
from farmed carp (Cyprinus carpio L.). Bull Vet Inst Pulawy, 48, 391–395.
Hatha, M., Vivekanandhan, A. A., Joice, G. J., & Christol, 2005. Antibiotic resistance pattern of
motile aeromonads from farm raised fresh water fish. Int J Food Microbiol, 98(2), 131–134.
https://doi.org/10.1016/j.ijfoodmicro.2004.05.017
Janda, J. M., Abbott, S. L., 2010. The genus Aeromonas: taxonomy, pathogenicity, and infection.
Clin Microbiol Rev, 23(1), 35–73. https://doi.org/10.1128/CMR.00039-09
Julinta, R. B., Roy, A., Singha, J., Abraham, T. J., Patil, P. K., 2017. Evaluation of efficacy of
oxytetracycline oral and bath therapies in Nile tilapia, Oreochromis niloticus against Aeromonas
hydrophila
infection.
Int
J
Curr
Microbiol
Appl
Sci,
6(7),
62–76.
https://doi.org/10.20546/ijcmas.2017.607.008
Ko, W.-C., Chiang, S.-R., Lee, H.-C., Tang, H.-J., Wang, Y.-Y., Chuang, Y.-C., 2003. In Vitro
and in vivo activities of fluoroquinolones against Aeromonas hydrophila. Antimicrob Agents
Chemother, 47(7), 2217–2222. https://doi.org/10.1128/AAC.47.7.2217-2222.2003
Ko, W.C., Wu, H.-M., Tsung, C.C., Yan, J.-J., Wu, J.-J., 1998. Inducible b-lactam resistance in
A. hydrophila: therapeutic challenge for antimicrobial therapy. J Clin Microbiol, 36, 3188 – 3192. DOI
:https://doi.org/10.1128/JCM.36.11.3188-3192.1998
Krumperman, P. H., 1983. Multiple antibiotic resistance indexing of Escherichia coli to identify
high-risk sources of fecal contamination of foods. Appl Environ Microbiol, 46(1), 165–170.
https://doi.org/10.1128/AEM.46.1.165-170.1983
Li, Y., Cai, S.-H., 2011. Identification and pathogenicity of Aeromonas sobria on tail-rot disease in
juvenile
tilapia
Oreochromis
niloticus.
Curr
Microbiol,
62(2),
623–627.
https://doi.org/10.1007/s00284-010-9753-8
Lin, J., Biyela, P. T., Puckree, T., 2004. Antibiotic resistance profiles of environmental isolates
from
Mhlathuze
River,
KwaZulu-Natal
(RSA).
Water
SA,
30(1),
23–28.
https://doi.org/10.4314/wsa.v30i1.5022
Ly, L. T. T., Nguyen, D. N., Vo, P. H., and Doan, C. V., 2009. Hemorrhage disease of cultured
Tra catfish (Pangasianodon hypophthalmus) in Mekong Delta (Vietnam). Israeli Journal of
Aquaculture – Bamidgeh, 61, 215-224. https://doi.org/10.46989/001c.20557.
Matyar, F., Akkan, T., Uçak, Y., Eraslan, B., 2010. Aeromonas and Pseudomonas: antibiotic and
heavy metal resistance species from Iskenderun Bay, Turkey (northeast Mediterranean Sea). Environ
Monit Assess, 167(1), 309–320. https://doi.org/10.1007/s10661-009-1051-1
Orozova, P., Chikova, V., Kolarova, V., Nenova, R., Konovska, M., Najdenski, H., 2008.
Antibiotic resistance of potentially pathogenic Aeromonas strains. Trakia J Sci, 6, 71–77
Pakingking, R. J., Palma, P., Usero, R., 2015. Quantitative and qualitative analyses of the
bacterial microbiota of tilapia (Oreochromis niloticus) cultured in earthen ponds in the Philippines.
World J Microbiol Biotechnol, 31(2), 265–275. https://doi.org/10.1007/s11274-014-1758-1
Pakingking, R. J., Palma, P., Usero, R., 2020. Aeromonas load and species composition in tilapia
(Oreochromis niloticus) cultured in earthen ponds in the Philippines. Aquacult Res, 51(11), 4736–
4747. https://doi.org/10.1111/are.14820
Patil, H. J., Benet-Perelberg, A., Naor, A., Smirnov, M., Ofek, T., Nasser, A., Minz, D., Cytryn,
E., 2016. Evidence of increased antibiotic resistance in phylogenetically-diverse Aeromonas isolates
from
semi-intensive
fish
ponds
treated
with
antibiotics.
Front
Microbiol,
7.
https://www.frontiersin.org/article/10.3389/fmicb.2016.01875
Pauzi, N. A., Mohamad, N., Azzam-Sayuti, M., Yasin, I. S. Md., Saad, M. Z., Nasruddin, N. S.,
Azmai, M. N. A., 2020. Antibiotic susceptibility and pathogenicity of Aeromonas hydrophila isolated
from red hybrid tilapia (Oreochromis niloticus×Oreochromis mossambicus) in Malaysia. Vet World,
13(10), 2166–2171. https://doi.org/10.14202/vetworld.2020.2166-2171
Pettibone, G.W., Mear, J.P., Sampsell, B.M., 1996. Incidence of antibiotic and metal resistance
and plasmid carriage in Aeromonas isolated from brown bullhead (Ictalurus nebulosus). Lett Appl
Microbiol, 23, 234 – 240. https://doi.org/10.1111/j.1472-765X.1996.tb00073.x
The Israeli Journal of Aquaculture – Bamidgeh • ISSN 0792-156X • IJA.74.2022.1718250

Multidrug resistant Aeromonas spp. from Oreochromis niloticus

11

Piotrowska, M., Popowska, M., 2014. The prevalence of antibiotic resistance genes among
Aeromonas
species
in
aquatic
environments.
Ann
Microbiol,
64(3),
921–934.
https://doi.org/10.1007/s13213-014-0911-2
Piotrowska, M., Rzeczycka, M., Ostrowski, R., Popowska, M. A., 2017. Diversity of antibiotic
resistance among bacteria isolated from sediments and water of carp farms located in a Polish nature
reserve. Pol J Environ Stud, 26(1), 239–252. https://doi.org/10.15244/pjoes/64910
Raj, N. S., Swaminathan, T. R., Dharmaratnam, A., Raja, S. A., Ramraj, D., Lal, K. K., 2019.
Aeromonas veronii caused bilateral exophthalmia and mass mortality in cultured Nile tilapia,
Oreochromis
niloticus
(L.)
in
India.
Aquaculture,
512,
734278.
https://doi.org/10.1016/j.aquaculture.2019.734278
Regidor, S. E., 2020. Status of aquaculture component of the Philippine national action plan on
antimicrobial resistance. Asian Fish Sci, 33, 97–106. https://doi.org/10.33997/j.afs.2020.33.S1.014
Ren, M., Chen, R. Zhou, Q., and Pan, L., 2014. Comparative study of antibacterial properties of
emodin and enrofloxacin against Aeromonas hydrophila. Israeli Journal of Aquaculture – Bamidgeh,
66, 1-10. https://doi.org/10.46989/001c.20740.
Romana-Eguia, M. R. R., Ikeda, M., Basiao, Z. U., Taniguchi, N., 2004. Genetic diversity in
farmed Asian Nile and red hybrid tilapia stocks evaluated from microsatellite and mitochondrial DNA
analysis. Aquaculture, 236(1), 131–150. https://doi.org/10.1016/j.aquaculture.2004.01.026
Romana-Eguia, M. R. R., Samoranos, M. N., Aya, F. A., Alava, V. R., Salayo, N. D., 2022. A
technical and economic evaluation of supplemental feeding strategies for Nile tilapia (Oreochromis
niloticus L.) reared in lake-based cages. The Israeli Journal of Aquaculture - Bamidgeh, 74.
https://doi.org/10.46989/001c.33604
Roy, A., Abraham, T. J., Namdeo, M. S., Singha, J., Julinta, R. B., Boda, S., Roy, A., Abraham,
T. J., Namdeo, M. S., Singha, J., Julinta, R. B., Boda, S., 2019. Effects of oral oxytetracyclinetherapy on wound progression and healing following Aeromonas caviae infection in Nile tilapia
(Oreochromis niloticus L.). Braz Arch Biol Technol, 62. https://doi.org/10.1590/1678-43242019180766
Saavedra, M. J., Guedes-Novais, S., Alves, A., Rema, P., Tacão, M., Correia, A., MartínezMurcia, A., 2004. Resistance to β-lactam antibiotics in Aeromonas hydrophila isolated from rainbow
trout (Onchorhynchus mykiss). Int Microbiol, 7(3), 207–211. https://doi.org/10.2436/im.v7i3.9472
Santos, P. G., Santos, P. A., Bello, A. R., Freitas-Almeida, A. C., 2011. Association of Aeromonas
caviae polar and lateral flagella with biofilm formation. Lett Appl Microbiol, 52(1), 49–55.
https://doi.org/10.1111/j.1472-765X.2010.02965.x
Somga, S.S., Somga, J.R., Regidor, S.E., 2012. Use of veterinary medicines in Phillippine
aquaculture: current status. In M.G. Bondad-Reantaso, J.R. Arthur & R.P.Subasinghe, eds. Improving
biosecurity through prudent and responsible use of veterinary medicines in aquatic food production,
pp. 69—82. FAO Fisheries and Aquaculture Technical Paper No. 547. Rome, FAO. 207 pp.
Son, R., Rusul, G., Sahilah, A. M., Zainuri, A., Raha, A. R., Salmah, I., 1997. Antibiotic
resistance and plasmid profile of Aeromonas hydrophila isolates from cultured fish, Telapia (Telapia
mossambica).
Lett
Appl
Microbiol,
24(6),
479–482.
https://doi.org/10.1046/j.1472765X.1997.00156.x
Vivekanandhan, G., Savithamani, K., Hatha, A.A.M., Lakshmanaperumalsamy, P., 2002.
Antibiotic resistance of Aeromonas hydrophila isolated from marketed fish and prawn of South India.
International J Food Microbiol, 76, 165-168. https://doi.org/10.1016/S0168-1605(02)00009-0
Wegener, H. C., Frimodt-Moller, N., 2000. Reducing the use of antimicrobial agents in animals
and man. J Med Microbiol, 49, 111–113. https://doi.org/10.1099/0022-1317-49-2-111
Xia, H., Yang, P. Zhang, Y., Chen, Z., Xiao, P., Meng, S., Fang, X., Hu, S., Deng, X., and Sun,
G., 2022. Histopathological observation of Aeromonas hydrophila infection and influences on
immune-related enzyme activity indexes in Carassius auratus indigentiaus subsp. nov. Israeli Journal
of Aquaculture - Bamidgeh 74, 1–11. https://doi.org/10.46989/001c.35461
Yambot, A. V., 1998. Isolation of Aeromonas hydrophila from Oreochromis niloticus during fish
disease outbreaks in the Philippines. Asian Fisheries Science, 10(4), 347–354.
Yano, Y., Hamano, K., Tsutsui, I., Aue-umneoy, D., Ban, M., Satomi, M., 2015. Occurrence,
molecular characterization, and antimicrobial susceptibility of Aeromonas spp. in marine species of
shrimps
cultured
at
inland
low
salinity
ponds.
Food
Microbiol,
47,
21–27.
https://doi.org/10.1016/j.fm.2014.11.003
Yu, J., Koo, B. H., Kim, D. H., Kim, D. W., Park, S. W., 2015. Aeromonas sobria infection in
farmed mud loach (Misgurnus mizolepis) in Korea, a bacteriological survey. Iran J Vet Res, 16(2),
194–201
Zdanowicz, M., Mudryk, Z. J., Perliński, P., 2020. Abundance and antibiotic resistance of
Aeromonas isolated from the water of three carp ponds. Vet Res Commun, 44(1), 9–18.
https://doi.org/10.1007/s11259-020-09768-x
The Israeli Journal of Aquaculture – Bamidgeh • ISSN 0792-156X • IJA.74.2022.1718250

