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Abstract
A total of 319 strains of Aeromonas hydrophila were isolated from 536 fish and 278 prawns for a 2-year period. All the
strains were tested for resistance to 15 antibiotics and 100% of the strains was resistant to methicillin and rifampicin followed by
bacitracin and novobiocin (99%). Only 3% of the strains exhibited resistance against chloramphenicol. The multiple antibiotic
resistance (MAR) indexing of A. hydrophila strains showed that all of them originated from high-risk sources. D 2002 Elsevier
Science B.V. All rights reserved.
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1. Introduction
Wide use of antibiotics to treat bacterial infections
and incorporation of subtherapeutic dose of antibiotics
into feeds for cultured organism resulted in a global
increase in antibiotic resistance among pathogenic
bacteria. The problem is more serious in developing
countries, where antibiotics are used widely. In India,
antibiotics are extensively applied in animal husbandry and aquaculture.
The use of antibiotics is the most important factor in
amplifying the level of resistance in a given reservoir
(Wegener and Frimodt-Moller, 2000). Multiple antibiotic resistance (MAR) among Aeromonas hydrophila
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strains has been reported from many parts of the world
(Pettibone et al., 1996; Son et al., 1997; Ko et al., 1998;
Rajeswari Shome and Shome, 1999). Under these
circumstances, it will be worthwhile to find out the
prevalence of antibiotic resistance of the Aeromonas
strains that may be considered as an emerging pathogen
and to identify the high-risk source.

2. Materials and methods
The fish and prawn samples were collected from a
major fish market of Coimbatore, Tamil Nadu, South
India. The samples were collected in sterile polyethylene bags and brought to the laboratory in an ice chest.
The samples were processed within 2 h of collection.
Body surface, gill and intestinal content of fish were
aseptically swabbed using sterile cotton buds, inoculated into alkaline peptone water (peptone—10.0 g;
sodium chloride—10.0 g; distilled water—1000 ml;
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pH—8.4, Shread et al., 1981) for pre-enrichment at 37
C for 18 h. The enriched cultures were streaked on
starch ampicillin agar (beef extract—1.0 g; peptone—
10.0 g; sodium chloride—15.0 g; phenol red—0.025
g; soluble starch—10.0 g; ampicillin—10 mg/ml;
agar—15.0 g; distilled water—1000 ml, pH—7.4,
Palumbo et al., 1985) plates and incubated at 37 C
for 24 h. Yellow to honey coloured, amylase and
oxidase positive colonies were isolated and presumptively considered as Aeromonas species (Conn, 1957).
Further, the isolates were identified as A. hydrophila
using Kaper’s multitest media (Kaper et al., 1979) and
confirmed on the basis of biochemical characteristics
(Esteve, 1995). The reference strain A. hydrophila
MTCC 646 (Microbial Type Culture Collection, Institute of Microbial Technology, Chandigarh, India) was
used for comparison.
Pure cultures were grown in brain heart infusion
broth (BHIB) (Hi-Media, Mumbai, India) for sensitivity testing. Mueller Hinton agar (Hi-Media) was
used for all solid media. Disc diffusion method for
antibiotic susceptibility was conducted as described
by Bauer et al. (1966). The A. hydrophila strains were
tested against the following antibiotic discs (HiMedia): bacitracin, 10 units; chloramphenicol, 30
mg; erythromycin, 15 mg; gentamycin, 10 mg; kanamycin, 30 mg; methicillin, 5 mg; nalidixic acid, 30 mg;
neomycin, 30 mg; novobiocin, 30 mg; polymyxin-B,
300 mg; rifampicin, 5 mg; streptomycin, 10 mg; tetracycline, 30 mg; trimethoprim, 5 mg; vancomycin, 30
mg. After enrichment in BHIB for 6 –8 h at 37 C, the
cultures were streaked on Mueller Hinton agar plates
using a cotton swab. With an antibiotic disc dispenser,
the discs were placed on the agar surface sufficiently
separated so as to avoid overlapping of the inhibition
zones. After 30 min of prediffusion time, the plates
were incubated at 37 C for 18 – 24 h. After the
incubation period, the diameter of the inhibition zones
was measured and compared with the interpretive
chart of Performance Standards for Antimicrobial
Disk Susceptibility Tests, Dec. 1993 (Hi-Media) and
classified as resistant, intermediate and sensitive.
The MAR index when applied to a single isolate is
defined as a/b, where ‘a’ represents the number of
antibiotics to which the isolate was resistant and ‘b’
represents 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 like human, commercial
poultry farms, swine and dairy cattle where antibiotics
are very often used. MAR index value of less than or
equal to 0.2 considered as the origination of strain
from animals in which antibiotics are seldom or never
used (Krumperman, 1985).

3. Results and discussion
The percentage of A. hydrophila strains showing
resistance against each antibiotic is given in Table 1.
All the strains were resistant to methicillin, which was
similar to the findings of Motyl et al. (1985) who
reported that all A. hydrophila strains of human origin
were resistant to methicillin. In contrast, Pettibone et
al. (1996) observed that only 54% of the strains was
resistant to this antibiotic. However, Kampfer et al.
(1999) reported that no significant differences could
be observed between clinical and non-clinical Aeromonas isolates, although the clinical isolates showed a
few more positive results with respect to antibiotic
resistance.
More than 95% of the strains was resistant to
bacitracin, erythromycin, neomycin, novobiocin, polymyxin-B and rifampicin. The least resistance was noted
for chloramphenicol (3.7%), gentamycin (7.5%), streptomycin (8.7%) and nalidixic acid (16.9%). About

Table 1
Percentage frequency of antibiotic resistant A. hydrophila strains
from fish and prawns
Antibiotics

Bacitracin
Chloramphenicol
Erythromycin
Gentamycin
Kanamycin
Methicillin
Nalidixic acid
Neomycin
Novobiocin
Polymyxin-B
Rifampicin
Streptomycin
Tetracycline
Trimethoprim
Vancomycin

Source
Fish (n = 268)

Prawn (n = 51)

99.0
4.4
97.3
8.2
89.9
100.0
16.7
94.4
98.8
95.8
99.6
9.3
53.3
64.9
83.2

100.0
0.0
98.0
3.9
100.0
100.0
17.01
98.0
100.0
98.0
100.0
5.8
41.1
80.3
94.1
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51.4% of the strains was resistant to tetracycline. The
antibiotic resistance among the strains of both fish and
prawns differed at minimum (Table 1).
Local selective pressures can influence the antibiotic resistance. Chang and Bolton (1987) found that
more percentage of Asian isolates of A. hydrophila
were resistant to tetracycline and rifampicin than
Australian isolates. More than 50% of the A. hydrophila strains was resistant to tetracycline and occurrence of tetracycline resistant strains of A. hydrophila
from different sources was reported (Ansary et al.,
1992; Ramteke et al., 1993; Pettibone et al., 1996; Son
et al., 1997; Kampfer et al., 1999).
Kanamycin, neomycin and polymyxin-B were the
other antibiotics, to which a high frequency of resistance was observed (Table 1). In contrast, Ramteke et
al. (1993) have not recorded any polymyxin-B resistant strains. Ramteke et al. (1993) and Pettibone et al.
(1996) have not noticed any Kanamycin resistant
strain, whereas the investigation of Ansary et al.
(1992) supported the existence of kanamycin resistant
strains, with a frequency of about 38.2%. About 67%
of the A. hydrophila strains obtained from fish and
prawn exhibited resistance against trimethoprim (Table 1). This is in contrast to the findings of Ansary et
al. (1992) who have reported only 8% of the trimethoprim resistant strains.
Bacitracin resistant strains were found to be 99%
and to our knowledge, such a level of resistance
against this antibiotic among the strains of A. hydrophila has not been reported so far. Among the strains
tested, most of the strains were resistant to erythromycin. This is partially supported by Ansary et al.
(1992) and Son et al. (1997). However, Pettibone et al.
(1996) have not reported any erythromycin resistant
A. hydrophila strains. The variation in the drug
resistance may well be related to the source of the
A. hydrophila isolates and the frequency and type of
antimicrobial agents prescribed for treating Aeromonas infections, e.g. in cultured fish in different geographical areas (Son et al., 1997).
The chloramphenicol resistant strains were few
among A. hydrophila from fish. None of the strains
isolated from prawns was chloramphenicol resistant.
Similar findings have been recorded from Malaysian
and American fish isolates (Ansary et al., 1992;
Pettibone et al., 1996). Resistance towards chloramphenicol, erythormycin, kanamycin, nalidixic acid,
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streptomycin, sulphamethoxazole-trimethoprim and
tetracycline has been observed among A. hydrophila
isolates from Tilapia mossambica (Son et al., 1997).
About 8.2% of A. hydrophila strains from fish and
3.9% strains from prawns were found resistant to
gentamycin. Ansary et al. (1992) reported that about
23.5% of the A. hydrophila strains isolated from
healthy and diseased fish expressed resistance to this
antibiotic, which was considerably higher than the
resistance encountered in our findings. However, Ramteke et al. (1993) reported that none of the A. hydrophila strains from fish and environmental samples was
resistant to gentamycin.
In the antibiotic era, increase in the levels of resistance of clinical strains of A. hydrophila to commonly
used antibacterial agents has been observed (Ko et al.,
1996). Like enteric Gram-negative bacteria, the emergence of resistance among aeromonads will be accelerated by the clinical use of antibiotics (Chaudhury et
al., 1996).
The results of MAR index of A. hydrophila strains
and the percentage of occurrence are given in Table 2.
The strains from fish showed resistance to minimum of
at least three antibiotics. About 31.3% of strains was
resistant to 10 antibiotics followed by 26.1%, 17.5%
and 10.4% of 11, 9 and 12 antibiotics, respectively.
Interestingly, 1.9% of the strains was resistant to 14
antibiotics. A. hydrophila strains from prawns exhibited the resistance between 8 and 13 antibiotics.
About 45.1% of the strains was resistant to 10 anti-

Table 2
The percentage occurrence of multiple antibiotic resistance (MAR)
index of A. hydrophila strains from fish and prawns
MAR index

0.1
0.2
0.33
0.40
0.46
0.53
0.60
0.66
0.73
0.80
0.86
0.93

Source
Fish (n = 268)

Prawns (n = 51)

0
0.37
0.74
0.74
2.98
5.22
17.53
31.34
26.49
10.44
2.23
1.86

0
0
0
0
0
3.92
5.88
45.09
37.25
5.88
1.96
0
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biotics followed by 37.3% to 11 antibiotics. Six percent
of the strains was resistant to 9 and 12 antibiotics, while
3.9% and 2% were resistant to 13 and 8 antibiotics.
The results revealed that the strains might have
originated from high-risk source of contamination.
MAR A. hydrophila were reported from environmental
sources as well as freshwater fish (Pathak et al., 1993;
Pettibone et al., 1996). The release of MAR organisms
through faeces may ultimately pave way for the contamination of fish and shellfish in the aquatic environment (Grabow et al., 1973, 1976).
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