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This is a valuable study that have
characterized the susceptibility of
aeromonads to antibiotics. The work
done on the resistance to metals is
also worthwhile and informative. This
reflects the level of pollution in the
Malaysia water bodies studied in this
paper.
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1. Introduction

ABSTRACT

Objective: To investigate antibiotics and heavy metals resistance profile of Aeromonas species
isolated from Kuala Gula and Kuala Sepetang, Perak.

Methods: TIsolated Aeromonas species were subjected to 12 antibiotics: penicillin G 10 units,
tetracycline 30 pg, novobiocin 5 pg, nitrofurantoin 100 pg, ampicillin 10 pg, chloramphenicol 10
ug, fluconazole 25 pg, gentamicin 10 pg, streptomycin 10 ug and 25 pg, kanamyein 30 g, and
vancomycin 30 pg and 5 heavy metals: MnSO,-H,0, Cr(NO,)-9H,0, CuSO,, Pb(NO,),, HgCL,.

Results: Results from this study revealed that isolates from the two sources—displayed varied
resistance. Isolates from Kuala Sepetang showed 91, 66, 619, and 52¢, resistance to vancomycin,
Novobiocin, streptomycin and gentamycin while Kuala Gula isolates showed 769, 934, 28¢ and
14¢, respectively. High rate of resistance was shown to be against lead (Pb), Chromium (Cr), copper
(Cu) and Manganese (Mn) with minimum inhibitory concentration ranging from 2560 ug/mL to
>5120 pg/mL. Low resistance to mercury was observed among isolates from Kuala Gula.
Conclusions: This study showed that there was widespread of both heavy metals and antibiotics
resistance among Aeromonas isolates from the two marine sources with isolates from Kuala
Sepetang showing more resistance thereby posing danger to both aquatic animals and human

health.
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catalase positive, facultatively anaerobes, Gram negative
and mostly prevalent in aquatic sources. Presence of

The bacteria family Aeromonadaceae comprises of a group
of bacteria found everywhere. Species of this genus have
been isolated from river water, bottled water, chlorinated
and unchlorinated water, vegetables, pasteurized and
unpasteurized milk, chickenl1-3], sea food, meat and meat
productsl4], individuals with compromised immunity, fresh
waterl5], drinking waterl6l, estuaryl7l, catfish and tilapia
fishi8.91, cold and warm blooded animals such as bird and
crocodilel10l. Biochemically, aeromonads are oxidase and

aeromonads in environmental, aquatic and clinical sources
made it possible for other forms of life including humans to
easily come in contact and become infected with Aeromonas
species. These infections however, depend on either strain
type of virulence factors inherent in the specie.

Virulence factors such as aerolysin, protease, DNase,
heamolysin, amylase, lipase have been identified(11-13].
Aeromonads infections include gastroenteristrics[14],
bacteraemiall5.16], septicaemial3l, diarrhoeall7], respiratory
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tract infections and urinary tract infection(18.19. Aeromonads
have also been implicated in food and water borne
disease outbreaks in different parts of the world especially
developing countries where personal hygiene and quality
water are compromised. These bacteria are generally
grouped into motile and non—motile species. Till date,
over 25 species and 7 sub species of Aeromonas have been
isolated and identified globally with at least one new species
being added to the list yearly for the past four years|20].

Previously, this group of bacteria was placed in
Vibrionaceae family. However, due to molecular
phylogenetic analysis in recent years, the bacteria have now
been assigned to Aeromonadaceae family separating from
the initial familyl14l. Discharge of animals and human wastes
coupled with indiscriminate use of antibiotics in relation
to horizontal transfer of resistance genes are major factors
contributing to the resistance of bacteria from aquatic
sources to antibiotics. Like discharge of industrial effluent
into body of water have resulted into bioaccumulation
of heavy metals therein. This study therefore aimed to
investigate antibiotics and heavy metal resistance pattern of
Aeromonas species isolated from different aquatic sources in
Malaysia.

2. Materials and methods
2.1. Samples and sampling location

Water samples were collected in sterile 500 mL Schott
bottle from both Kuala Gula and Kuala Sepetang. The
samples were transported into the laboratory for processing.
A volumn of 100 mL of collected sea water was filtered
using 0.45 um nitrocellulose Millipore membrane filter
Millipore Corporation, Bed Ford). The filter was then placed
on Aeromonas agar base (Difco) prepared plate according to
manufacturer’s instruction. A volumn of 100 UL of collected
water sample was also directly plated in duplicate on
Aeromonas agar base using spread plate method. All plates
were incubated at 30 °C for 24 h. Green colonies (0.5-1.5
mm diameter) with dark centres were then selected as
presumptive Aeromonas species. Selected colonies were
also streaked on modified Rimler Shott—-mRS agarl7l. Yellow,
round shape, flat elevation colonies with entire margin
were further purified by streaking on freshly prepared
Aeromonas agar base and incubated as stated earlier. All
presumptive isolates were confirmed to genus level by
subjection to oxidase, catalase and resistance to vibrio static
agent 0129 (150 pg—Oxoid). The following biochemical tests—
lysine decarboxylase, arginine decarboxylase, ornithine
decarboxylase, acid production from—glucose, sucrose,
mannitol, dextrose, sucrose, citrate utilization, esculine, urea
and API 20 NE kit (BioMerieux®, USA) were used to confirm the
species.

2.2. Antibiotics resistance test

Resistance to antibiotics was carried out using Mueller
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Hinton Agar (Oxoid). Medium was prepared following
manufacturer’s instruction and incubated at 121 °C for 15
min. The medium was allowed to cool to 50 °C before pouring
into sterile petri (plates 50 mmx100 mm) in a laminar flow
(Biohazard, Germany). Thereafter, sterile swabs were used
to evenly streak 18—24 h isolates from prepared blood agar
+59, sheep blood (Isolab, Malaysia). The following Oxoid
made antibiotics—penicillin G 10 units, tetracycline 30 g,
novobiocin 5 pg, nitrofurantoin 100 pg, ampicillin 10 ug,
chloramphenicol 10 pg, fluconazole 25 ug, gentamicin 10
Ug, Streptomycin 10 pg and 25 pg, Kanamycin 30 ug, and
vancomycin 30 pg were then placed on the plates and
allowed to be absorbed for 10 minutes before incubating at
30 °C.

2.3. Determination of heavy metal resistance and minimum
inhibitory concentration (MIC)

The salts of the following five heavy metals MnSO,-H,0
(Chemar); Cr(NO,)-9H,0 (R&M chemicals); CuSO, (Merck);
Pb(NO,), (Oxoid) and HgHgCL,) (Oxoid) were weighed and
dissolved in freshly prepared autoclaved TSA before pouring
into sterile plates (90 mmx150 mm) and allowed to solidify.
The following concentrations of each salt were used for the
assay 160 pug/mlL, 320 ug/ml., 640 pg/mL, 1280 pg/mL, 2560
ug/mL and 5120 pug/mL as described with modifications(7.211.
Fresh cultures of the tested isolates were streaked along a
straight line on the agar containing varied concentrations of
the metal salts. Inoculated plates were incubated at 30 °C for
48 h and observed for any visible growth. The MIC was also
determined as the lowest concentration that inhibited growth
of the tested bacteria.

3. Results
3.1. Isolation of Aeromonas

From the results of this study, a total of 73 Aeromonas
(Kuala Gula—29, Kuala Sepetang—44) isolates were obtained—
and are predominantly Aeromonas hydrophila (A. lydrophila)
based on the biochemical characterization methods of
previous studyl8.20.22.23]. Kuala Sepetang has the highest
number of the isolates. Similar results were reported by
Havelaar AH, et al.l24] who found A. hydrophila more
frequently distributed in Netherland rivers compared to
other species.

3.2. Antibiogram—antibiotics resistance test

Result of this study showed that multi drug resistance
was observed among the isolates as seen in Figure 1.
Isolates from Kuala Sepetang were generally found to be
more resistant to antibiotics than isolates from Kuala Gula
although the cause of this is subject to further research.
Isolates from Kuala Sepetang showed 91% tovancomycin,
669% novobiocin, 61% streptomycin and 52 ¢ gentamicin. This
was similar to the results obtained by Hatha M, et al.1251who
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investigated antibiotics resistance of Aeromonas isolated
from fish raised from fresh water in India. Their study
revealed high resistance of A. hydrophila to novobiocin.
In 2007 and 2012 some researchers also observed high
resistance of Aeromonas strains from eastern Mediterranean
Sea in Turkey to streptomycinl26.27]. Least resistance of
these isolates to chloramphenicol (23%) and tetracycline
(16%) was observed. In a recent study by Matyar F, et al.l28]
low resistance to chloramphenicol was observed among
Aeromonas strains isolated from Iskenderun Bay, a northeast
Mediterranean Sea in Turkey. Aeromonas isolates from
Kuala Gula isolates showed resistance of 76%, 93% and
289% againsl vancomycin, novobiocin and streptomycin,
respectively. Meanwhile, low resistance to gentamicin (14%)
and tetracycline (7%) was observed among the Kuala Gula
isolates respectively. All the isolates were resistant (100%)
to both penicillin and nitrofurantoin but showed 93% (Kuala
Sepetang) and 829 (Kuala Gula) to ampicillin as shown in
Figure 1. Ashiru and others in 2011 in their study stated that
Aeromonas species isolated from catfish in Lagos, Nigeria
were resistant to nitrofurantoini8l. Likewise in 2009 Awan
Mohammad Bashir, et al.129] obtained similar result in Dubai

among food originated Aeromonas.
TE v
M Kuala Gula

Figure 1. Percentage of antibiotics resistance observed among isolates from
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the two locations Kuala Sepetang and Kuala Gula.

P: Penicillin G 10 units, TE: Tetracycline 30 ug, NV: Novobiocin 5 pg,
F:Nitrofurantoin 100 ug, AM: Ampicillin 10 ug, C: Chloramphenicol 10 ue,
FCA: Fluconazole 25 g, CN: Gentamicin 10 pg, S10: Streptomycin 10 pg, S25:
Streptomycin 25 pg, K: Kanamycin 30 g, V: Vancomycin 30 pg.

3.3. R({s‘is[ogranz—]l(%(u;)‘ metal resistance and MIC

This present study to our best knowledge is the first to be
carried on heavy metal resistance among Aeromonas isolates
from Malaysian sea water samples. Resistance and tolerance
of isolated bacteria to six heavy metals was carried out in
this study. This was revealed as either growth or no growth
on heavy metal supplemented agar plate as described by
Mgbhemena IC[30]. Variation in heavy metals resistance
among the isolates from the two sources investigated was
observed. The resistance pattern in Kuala Sepetang was
Mn>Cr>Cu>Pb while that of strains from Kuala Gula was
reverse as shown in Table 1. Mercury was found to inhibit
growth of all the isolates with MIC 2560 pg/mL unlike other
metals that could not inhibit the bacteria except copper at
5120 pg/mL MIC. Matyar et al.[31] also obtained similar results
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from sea water Cd>Cu>Pb>Cr>Mn. Miranda and Castillol32]
observed the following resistance pattern Cd>Cu>Hg>Cr
among Aeromonas strains in their study.

Table 1

Heavy metal resistance and MIC.

Metals/isolates Concentrations of heavy metals (ug/mL)
160 320 640 1280 2560 5120

Mn

Kuala Gula (n=29) 29 29 29 29 20 17
Kuala Sepetang (n=44) 44 44 44 44 23 6
Cr

Kuala Gula (n=29) 29 29 29 29 29 6
Kuala Sepetang (n=44) 44 44 44 44 43 7
Cu

Kuala Gula (n=29) 29 29 29 26 21 -
Kuala Sepetang (n=44) 44 44 44 44 4 1
Pb

Kuala Gula (n=29) 29 29 29 29 29 21
Kuala Sepetang (n=44) 44 44 44 44 44 4
Hg

Kuala Gula (n=29) 11 19 6 6 - -
Kuala Sepetang (n=44) 42 40 36 32 - -

—: No growth observed.

4. Discussion

A. hydrophila was the prevailing aeromonad isolated
in this study. This was similar to the study of Matyar F, et
ali28l. They reported that A. hydrophila was the prevailing
Aeromonas in Iskenderun Bay, Turkey. This species of
Aeromonas has been implicated in both human and marine
animals like fish diseases. Tts virulence is attributed to
various virulence factors such as proteases, aerolysin,
gelatinase, lipase and exhibited by this water loving
bacterium(11-13]. Aeromonads—related infections also include
gastroenteristrics(14], bacteraemiall5.16], septicaemial3],
diarrhoeall7], respiratory tract 1nfect10ns 18] and urinary
tract infection(19]. Tt has also been isolated from marine
sedimentl7], sea foods such as cat and tilapia fishi8.9], cold
blooded animals—crocodilel32l and warm blooded—birditel.

The discovery of antibiotics decades ago was seen as
permanent cure for microbial infections. However, an
increased level of bacterial resistance to different antibiotics
has been observed among both clinical and environmental
microbial isolates. Application of antibiotics has been used
in human and veterinary medicines respectively. Likewise
the abuse of antibiotics globally cannot be overemphasized
due to the fact that it poses treat to public and global
health(14.31]. Results of various studies worldwide have
identified couple of factors linked to increasing antibiotics
resistance among which are plasmids(25.33]. Plasmids are
extra chromosomal deoxyribonucleic acids capable of
replicating independently within the cell. Genes encoding
for resistant plasmids can hence be transfer to progeny of
such antibiotics resistant bacteria. Resistance to antibiotics
can also be acquired through horizontal gene transfer from
the environment. Among the most common genes that can be
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environmentally acquired is p—lactamase enzyme which is
capable of destroying antimicrobial agents which ever before
can affect the bacterial cells. Some researchers opined that
local select pressure also constitute bacterial resistance to
antibiotics(3334]. In this current study, antibiotics resistance
and susceptibility to 12 commercial antibiotics were
investigated among all the sea water isolates. Resistance of
microorganisms lo at least three antibiotics has been termed
multi drug resistance(271.

In Malaysia, only few literatures could be found on
resistance of bacteria to heavy metals. The few studies
have been on heavy metals resistance of bacteria including
Aeromonas isolated from American bullfrog by group of
researchers in department of fisheries and aquaculture,
University of Malaysia, Terengganul3sl. Resistance to heavy
metals among the isolates in this study could be as a result
of discharge of industrial effluents into the rivers. The
result of this current study also reveal the most prevailing
metal contamination in the aquatic environment due to
anthropogenic activities such as discharge of toxic industrial
effluents into water bodies. Pollution of water is a global
occurrence which calls for actions due to the fact that
water pollution is one of the causes of diseases and death
in both human and aquatic animals” death. Heavy metal
pollution in water has been attributed to industrialization
and use of automobiles[30l. Although heavy metals are found
naturally in mother earth, aquatic sources are more prone
to the harmful effect of these metals. As man consumes
some of these aquatic animals like fish, shrimps, prawn,
etc, bioaccumulation of the metals become inherent in
human body. Tt is to be noted that living organisms (cells)
also require minute quantities of these metals for survival.
However, macro amount of the metals can be toxic to the
cells. Heavy metal resistance found in bacteria due to
plasmids is similar to that of antibiotics resistance. However,
heavy metal resistance plasmids are larger compared to
antibiotics resistance plasmids(36l. The results of our study
showed that there is widespread of both heavy metal and
antibiotics resistance among Aeromonas isolates from the two
marine sources considered in this study with isolates from
Kuala Sepetang showing more resistance thereby posing
danger to both aquatic animals and human health. Although
this study focuses on sea water samples, further study is
required on the antibiotics and heavy metal resistance
of Aeromonas strains from aquatic animals found in the
sampling area and a correlation study on effect of heavy
metal resistance on antibiotics resistance of the strains.
Likewise a further investigation into major source of toxic
chemicals discharge into the area is also recommended.
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Comments

Background

Infections involving aeromonads have been reported to be
responsible for significant incidences of both food and water
borne disease worldwide. Also, resistance to antibiotics
has become a major concern in the treatment of diseases.
A study of aeromonads” anti-biogram and resistogram in
Malaysia waters is therefore important.

Research frontiers

The authors conducted study on the antibiogram of
important microorganism, aeromonads. The study also
presented resistance of aeromonads to metals, reflecting a
possible pollution from industrial sources. Tt also adds to
the known few reports on bacterial resistance to metals in
Malaysia.

Related reports

The results obtained in this study are comparable to those
obtained from water sources in Netherlands and from fish
raised from fresh water in India.

Innovations and breakthroughs

The paper has studied an important subject that reflects
the sanity of waters in Malaysia and the level to which
industrialization can affect water bodies. The study of
resistance to metals is particularly interesting.

Applications

Water bodies form a major reservoir and source of infection
for aeromonads. A study into the species, antibiogram and
resistogram will help in the knowledge database of the
microorganism in Malaysia. It will also aid in the treatment
of infection with the species identified in this study.

Peer review

This is a valuable study that have characterized the
susceptibility of aeromonads to antibiotics. The work
done on the resistance to metals is also worthwhile and
informative. This reflects the level of pollution in the
Malaysia water bodies studied in this paper.

References

[1] Kaskhedikar M, Chhabra D. Multiple drug resistance of
Aeromonas hydrophila isolates from chicken samples collected
from Mhow and Indore city of Madhyapradesh. Vet World 2009;
2(1): 31-32.

[2] Dias C, Mota V, Martinez—Murcia A, Saavedra MJ. Antimicrobial
resistance patterns of Aeromonas spp. isolated from ornamental
fish. J Aquacult Res Dev 2012; 3: 131.

[3] Papadakis V, Poniros N, Katsibardi K, Charissiadou AE,
Anastasopoulos J, Polychronopoulou S. Fulminant Aeromonas
hydrophila infection during acute lymphoblastic leukemia



112 Olumide Adedokun Odeyemi and Asmat Ahmad/Journal of Coastal Life Medicine 2013; 1(2): 108-112

treatment. J Microbiol Immunol Infect 2012; 45(2): 154—157.

[4] Dallal MMS, Yazdi MKS, Avadisians S. Study of prevalence and
antibiotic resistance in Aeromonas species isolated from minced
meat and chicken samples in Iran. Afr J Microbiol Res 2012; 6(2):
460—464.

[5] Abulhamd A. Genetic diversity and antimicrobial susceptibility of
motile aquatic aeromonads. Int J Chem Eng Appl 2010; 1(1): 90-95.

[6] Pablos M, Huys G, Cnockaert M, Rodriguez—Calleja JM, Otero A,
Santos JA, et al. Identification and epidemiological relationships
of Aeromonas isolates from patients with diarrhea, drinking water
and foods. Int J Food Microbiol 2011; 147(3): 203—210.

[7] Odeyemi OA, Ahmad A, Gires U. Antibiotics resistance and
putative virulence factors of Aeromonas hydrophila isolated from
estuary. J Microbiol Biotechnol Food Sci 2012; 1(6): 1339—1357.

[8] Ashiru AW, Uaboi-Egbeni PO, Oguntowo JE, Idika CN. Isolation
and antibiotic profile of Aeromonas species from tilapia fish
(Tilapia nilotica) and catfish (Clarias betrachus). Pakistan J Nutr
2011; 10(10): 982-986.

[9] Suhet MI, Schocken—Iturrino RP, Amaral LA. Hemolytic activity
and resistance to antimicrobials by Aeromonas species isolated
from intensive rearing of nile tilapia (Oreochromis niloticus). Ars
Veterinaria 2011; 27(1): 36—44.

[10] Roh YS, Park H, Cho HU, Cho A, Islam MR, Cho HS, et al.
Aeromonas hydrophila—associated septicaemia in captive
crocodiles (Crocodylus johnstoni and Crocodylus porosus). J Zoo
Wildl Med 2011; 42(4): 738—742.

[11]]Aberoum A, Hussein J. A review on occurrence and
characterization of the Aeromonas species from marine fishes.
World ] Fish Mar Sct 2010; 2(6): 519—523.

[12] Sharma I, Pramanik AK, Kumar A. Plasmid profiling of Aeromonas
spp- isolated from foods of animal species in North—east India. Int
J Sci Nat 20105 1(2): 104—107.

[13] Erdem B, Kariptas E, Kaya T. Siderophore, hemolytic, protease,
and pyrazinamidase activities and antibiotic resistance in motile
Aeromonas isolated from fish. Turkish J Biol 2010; 34(4): 453—462.

[14] Igbinosa TH, Igumbor EU, Aghdasi F, Tom M, Okoh Al. Emerging
Aeromonas species infections and their significance in public
health. Scientific World Journal 2012; doi: 10.1100/2012/625023.

[15] Hochedez P, Hope—Rapp E, Olive C, Nicolas M, Gilles Beaucaire,
André Cabié, et al. Bacteremia caused by Aeromonas hydrophila
complex in the Caribbean Islands of Martinique and Guadeloupe.
Am J Trop Med Hyg 2010; 83: 1123—1127.

[16] Wu CJ, Chuang YC, Lee MF, Lee CC, Lee HC, Lee NY, et al.
Bacteremia due to extended-spectrum—3-lactamase—producing
Aeromonas spp. at a medical center in Southern Taiwan.
Antimicrob Agents Chemother 2011; 55(12): 5813—5818.

[17] Senderovich Y, Ken—Dror S, Vainblat I, Blau D, Izhaki I, et al.
A molecular study on the prevalence and virulence potential of
Aeromonas spp. recovered from patients suffering from diarrhea
in Israel. PLoS One 2012; doi: 10.1371/journal.pone.0030070.

[18] Issa Nabil, Napolitano, Lena M. Aeromonas pneumonia in a
trauma patient requiring extracorporeal membrane oxygenation
for severe acute respiratory distress syndrome: case report and
literature review. Surg Infect (Larchmt) 2011; 12(3): 241-245.

[19] Ragunathan L, Kannaiyan K, Vinod R, Senthil PD, Nirmala J,
Jayanthi K. Aeromonas hydrophila urinary tract infection in
pregnancy—case report and literature review. J Microbiol Infect
Dis 2012; 2(1): 26=28.

[20] Figueras MJ, Roxana BH, Collado L, Martinez—Murcia A.
Recommendations for a new bacterial species description based
on analyses of the unrelated genera Aeromonas and Arcobacter.
Bull BISMiS 2011; 2(1): 1-16.

[21] Akinbowale OL, Peng H, Grant P, Barton MD. Antibiotic and
heavy metal resistance in motile aeromonads and pseudomonads
from rainbow trout (Oncorhynchus mykiss) farms in Australia. Int J
Antimicrob Agents 2007; 30: 177—182.

[22] Alperi A, Martinez—Murcia AJ, Ko WC, Monera A, Saavedra MJ,
Figueras MJ. Aeromonas taiwanensis sp. nov. and Aeromonas
sanarellii sp. nov., clinical species from Taiwan. Int J Syst Evol
Microbiol 2010; 60: 2048—2055.

[23] Razzolini MTP, Gilinther WMR, Martone—Rocha S, Duarte de
Luca H, Cardoso MRA. Aeromonas presence in drinking water
from collective reservoirs and wells in peri—urban area in Brazil.
Brazilian J Microbiol 2010; 41(3): 694—699.

[24] Havelaar AH, Versteegh JFM, During M. The presence of
Aeromonas in drinking water supplies in The Netherlands.
Zentralbl Hyg Umuweltmed 1990; 190: 236—256.

[25] Hatha M, Vivekanandhan AA, Julie J, Christol G. Antibiotic
resistance pattern of motile aeromonads from farm raised
freshwater fish. Int J Food Microbiol 2005; 98: 131—134.

[26] Matyar F, Kaya A, Dincer S. Distribution and antibacterial drug
resistance of Aeromonas spp. from fresh and brackish waters in
Southern Turkey. Ann Microbiol 2007; 57: 443—447.

[27] Matyar F. Antibiotic and heavy metal resistance in bacteria
isolated from the Eastern Mediterranean Sea coast. Bull Environ
Contam Toxicol 2012; 89(3): 551-556.

[28] Matyar F, Akkan T, Ugak Y, Eraslan B. Aeromonas and
Pseudomonas: antibiotic and heavy metal resistance species from
Iskenderun Bay, Turkey (northeast Mediterranean Sea). Environ
Monit Assess 2010; 167: 309—320.

[29] Awan MB, Ahmed M, Abdul B, Krovacek K. Antibiotic
susceptibility profile of Aeromonas spp. isolates from food in Abu
Dhabi, United Arab Emirates. New Microbiol 2009; 32: 17-23.

[30] Mghemena IC, Nnokwe JC, Adjeroh LA, Onyemekara NN.
Resistance of bacteria isolated from Otamiri River to heavy metals
and some selected antibiotics. Curr Res J Biol Sci 2012; 4(5):
551-556.

[31] Matyar F, Kaya A, Dincer S. Antibacterial agents and heavy metal
resistance in Gram-negative bacteria isolated from seawater,
shrimp and sediment in Iskenderun Bay, Turkey. Sci Total
Environ 2008; 407: 279-285.

[32] Miranda CD, Castillo G. Resistance to antibiotic and heavy metals
of motile aeromonads from Chilean freshwater. Sci Total Environ
1998; 224: 167—-176.

[33] Paniagua GL, Monroy E, Perches M, Negrete E, Garcia S.
Antibiotic and heavy metal resistance of Aeromonas hydrophila
isolated from charal (Chirostoma humboldtianum, Valenciannes,
1835). Hydrobiologica 2006; 16(1): 75—80.

[34] Vivekanandhan G, Savithamani K, Hatha AAM, Lakshmanaperumalsamy
P. Antibiotic resistance of Aeromonas hydrophila isolated from
marketed fish and prawn of South India. Int J Food Microbiol
2002; 76: 165—168.

[35] Tee LW, Najiah M. Antibiogram and heavy metal tolerance of
bullfrog bacteria in Malaysia. Open Vet J 2011; 1: 39—45.

[36] Silver S, Phung LT. Bacterial heavy metal resistance. Annu Rev
Microbiol 2006; 11: 101-110.



