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ABSTRACT

During a year-long survey 2004, 80 water samples from Lake Edku and connected
drains as well as 44 fishes and invertebrate samples from Edku fish market were analyzed
for the prevalence of Aeromonas spp. (A. spp.) (qualitatively and quantitatively) as well as
for positive hemolytic activity. Fecal pollution indicators including Escherichia coli (EC)
and fecal streptococci (FS) and some environmental parameters including temperature (T),
salinity %o (S), pH and dissolved oxygen (DO) were also determined. All water samples
(100%) tested were positive for the prevalence of Aeromonas spp. in cfu counts ranged
between 0.6 x 102 and 28.0 x10° for water samples and between 0.5 x 102 and 8.0 x 108 for
fish and invertebrate samples with maximum in summer and minimum in winter. Strong
positive correlations were noted between Aeromonas spp. and both of E.coli (r = 0.85) and
fecal streptococci (r = 0.90). Also the same positive correlations between E. coli and fecal
streptococci (r = 0.81 to 0.97), were noted in all water samples. However a negative
correlation recorded in water samples of Lake Edku between salinity and each of
Aeromonas spp. (r = - 0.77), E. coli (r = - 0.79) and fecal streptococci (r = - 0.75). The
incidence of A.eromonas spp. were recorded in all water samples (100%) followed by
fishes (75%) and invertebrates (37.5%), however the percentage of haemolysin producing
Aeromonas spp. were found to be 65-70% in lake and drains water samples, and decreased
to be 57% and 31% in fishes and invertebrate samples respectively, which may pose a

potential health problem.

INTRODUCTION

Aeromonas species are bacteria belonging
to Aeromonadaceae family and characterized
as gram-negative, oxidase-possitive,
facultatively anaerobic, glucose fermenting
bacterium, which colonize aquatic systems
throughout the world (Hazen et al., 1978;
Abbott et al., 2003).It is found in lakes,
rivers, estuarine and marine waters, sewage
effluent, chlorinated and unchlorinated water
supplies and in mineral waters ( Harnisz and
Zmyslowska, 2004; Sen and Rodgers, 2004).
It has been also isolated from fish (Santos el
al., 1999; Vivekanandhan et al.,, 2005),
seafood markets (Ullmann et al., 2005;
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Vivekanandhan et al., 2005), and humans
(Janda and Abbott, 1998; Sechi et al., 2002).

Members of genus Aeromonas have long
been considered as human and fish
pathogens. It had expanded from four species
(A. hydrophila, A. sobria, A. cavia and A.
salmonicida) to at least 16 recognized
hybridization groups. Nine of these species
had been reported to cause a wide variety of
human infections including bacteraemia,
gastroenteritis, cellulites, meningitis, soft-
tissue infections, peritonitis,
bronchopulmonary and respiratory tract
infection (Barghouthi et al., 1989; Alavandi
and Ananthan, 2003,).

The mechanism of the pathogenicty had
been related to production of exotoxins (i.e
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enterotoxins, cytotoxins, haemolysin)
(Thornley et al, 1997). The primary
haemolytic toxin seems to be related to
enterotoxigenicity (Brenden & Janda, 1987).
However Aeromonas strains could produce
more than one haemolytic toxin with
virulence properties ( Bizani and Brandlli,
2001; Ghenghesh et al., 2001; Ullmann et al.,
2005) not only at optimal growth temperature
but also at refrigerator temperature. Therefore
it could be emerging as food-borne pathogen
(Merino et al., 1995; Maalej el.al., 2004)
science the common routes of infection
suggested for Aeromonas are the ingestion of
contaminated water or food or contact of the
organism with a break in the skin (Schubert,
1991).

The aims of this study were to determine
the prevalence and haemolytic activity of
Aeromonas species in surface waters of Lake
Edku and connected drains as well as in Lake
Edku fishes.

MATERIALS AND METHODS

Study area

Lake Edku is shallow brackish water at
North Delta lakes in Egypt. It is situated at
latitude 30° 15° N and longitude 31° 15" E
east of Alexandria City and extending a bout
19 km to the east of Abu Qir Bay with an
average width of 6 km and average depth of 1
m. Lake Edku is connected to the
Mediterranean at EI-Maadia city at the North-
West and receive huge amounts of drainage
water (38-280 x 10% m?/day) from the eastern
kom Belag drains ( Kom Belag, El-Boseily,
El-Khayry and Edku drains) and Bersik drain
from the south. This initiated an east south to
west-north flow, causes a slight elevation of
its water above the sea level, decreasing the
entrance of sea water to the lake. The last
record of fish production (10,230 tons
(GAFRD, 2003)) is greatly polluted by the
drainage water which carries different
agriculture and domestic pollutants (El-
Shenawy et al., 2000). Recently a lot of fish
cultures surround the lake, receive their water

454

from above drains and discharging it into the
lake, which might increase pollution hazards
to the water body of the lake.
Sampling

A total of 80 duplicate water samples
were collected from 40 sites during four
sampling cruises in spring, summer, autumn,
and winter 2003. These sites are illustrated in
Fig. 1. The bacteriological sampling
technique was carried out according to the
international standard 1SO 5667/9 (1992)
using 500-ml sterile bottles and a special
sampler, at 20 cm below water surface.
Fresh fish (28 samples) and invertebrates (16
samples), harvested from Lake Edku, were
purchased from fishermen or markets in Edku
city. All samples were kept in icebox and
analyzed within max. 6 hours.
Microbiological analysis

Water samples in 1, 10, 100 ml volumes
were pumped through 0.45um-pore-size
mixed-ester membrane filter (Millipore). For
Aeromonas species, the membranes were
placed directly on culture plates of m-
Aeromonas selective agar (Biolife, Italiana)
supplemented with 10 mg ampicillin / liter,
incubated aerobically for 24-48 h at 30°C (
Ormen and Ostensvik, 2001). Ten
presumptive colonies of typical aeromonas
colonies from each sample were sub-cultured
on Tryptic Soy Agar (Oxoid) for 24 h, 30°C
for purification and subsequently identified to
the genus level by Gram stain, oxidase test,
oxidation/fermentation test, resistance to the
vibriostatic agent 0/129 and API 20E systems
(Bio-Merieux Italia). For total coliforms
(TC), thermotolerant Escherichia coli (EC)
and fecal streptococci (FS) the membranes
were enumerated on m-Endo-les agar, mFC
agar and m-Enterococcus agar (Difco),
respectively. Ten random characteristics
colonies from each sample were subcultured,
confirmed according to I1ISO 3908/1 (1990)
and ISO 789 9/2 (1984). Fish and
invertebrates samples were analyzed by
suspending of 25 gm of minced whole fish /
flesh in 225 ml saline solution followed by
filtration. The same media and identification
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were calculated as cfu/100 ml for water and

as cfu/100 gm for fish samples.

previously

done as
described. The final counts of all bacteria
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Haemolysis assays

Beta-haemolysis activity was assayed by
culturing Aeromonas spp isolates from each
sample (over night cultures in nutrient agar at
37 °C for 24 h) on brain heart infusion agar
(Difco) supplemented with 5% cheep
erythrocytes at 35 °C for 24-48 h (Imziln et
al., 1998). Hemolysis was observed by visual
clear colorless zones around the colonies. If
any Aeromonas species isolate from any
sample gave positive hemolytic activity, the
sample considered as positive. Controls were
done with each assay.
Hydro-chemical analysis

Hydro-chemical parameters including pH,
salinity, and dissolved oxygen were
determined in Marine Chemistry Department,
National Institute of Oceanography and
Fisheries, Alexandria.

RESULTS AND DISCUSSION

The water quality parameters including
temperature (°C), salinity (S%o), pH and
dissolved oxygen (mg/l) (DO) were measured
in all samples during the course of study.
(Table 1 and Fig. 2). Water temperature
showed seasonal variation represented high
records in summer (27.0 °C) and minimum
(16.9 °C) in winter in Lake Edku, however in
the drains it ranged between 16.5 °C and 26.5
°C. Salinity in Lake Edku showed high level
in autumn (4.8 %o) near the connection to the
sea and minimum (1.3 %o) in spring at the
center of the lake, while in the drains, it
fluctuated between 1.1 %o and 2.8 %o. The pH
values showed variations between 7.5 and 8.5
in all water bodies. Dissolved oxygen levels
never close to being depleted throughout the
study, with high records in Lake Edku (6.5 -
11.0 mg/l) comparing to drains (4.5 - 8.3
mg/l) which might due to the photosynthesis
of heavy  submerged plants and
phytoplankton in the shallow lake.

It is wildly recognized that the normal
habitat of Aeromonas exist in the aquatic
environments. The counts of Aeromonas
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species as well as EC and FS are presented in
Table 1 and Figs. 3 and 4. All water samples
exhibited positive result for Aeromonas
species and fecal contamination indicators
with highest cfu counts in summer and lowest
in winter. The same pattern of seasonal trend
had been reported by Gavriel et al., (1998)
and Maalej et al., (2004). The densities of
Aeromonas species fluctuated between 4 x
10% and 2.8 x 10* cfu/100ml in Lake Edku. In
Kom Belag drains and Bersik drain they were
(10x10° - 19x10% cfu/100ml) and (0.6x10% —
3.3x10% cfu/100ml) respectively. Generally
Aeromonas species counts fluctuated from
one to two logs unites higher than EC and FS
in all water samples (Table 1 and Figs 3 and
4). These results are in a parallel with
findings of Marcel et al. (2002). They
isolated the highest frequencies in the
samples with the highest counts of fecal
indicators. The counts of Aeromonas species
in Lake Edku were in the same rang (2x10% -
5x10%) as reported by Pettibone (1998) in
Buffallo River, USA and were lower than
those (2x10* - 3.5x10° cfu/100ml) reported
by Vellari et al. (2003) in natural mineral
waters in Italy. In Kom Belag and Bersik
drains the levels of pathogen were in the
range (1x10% - 1x10* cfu/100ml) that was
found in Virginia fresh water lakes, USA
(Rhodes and Kator 1994) or (1.3x10° -
3.3x10° cfu/100ml) of Narew River, Poland
(Harnisz and Zmyslowska 2004).

Aeromonas spp. density in Lake Water
was generally higher than in the connected
drains that receive a lot of sewage especially
Kom Belag drains. Lake Edku is now
surrounding with more than four thousands
feddans of fish cultures (Abbas - Personal
communication) that receives water from
these drains and discharging it into the lake
(Fig. 1). This well increase the organic load
in lake water beside increases the
Aeromonads that are known to occur in the
intestinal tract of different fish species
(Hanninen et al., 1997; Harnisz and
Zmyslowska, 2004). Pianetti et al. (1998)
regarded A. hydrophyla as an indicator of



organic pollution, whereas Spanggaard et al.
(2000) identified 86% of trout fish digestive
tract bacteria as Enterobacteriaceae. This
means that the high intensity of the studied
bacterium in Lake Edku is probably coming
from the fish farms wastewater discharging
into the lake.

Correlation matrix between investigated
bacteria and selected  hydrographical
parameters in the studied waters during 2004
are presented in Table 2. Although the
density of Aeromonas species were higher
than fecal indicator parameters in all studied
waters, a strong positive correlations were
shown between Aeromonas species and both
of EC (r = 0.85) and FS (r = 0.90) in all water
samples. However EC and FS were the most
highly correlated during the course of study (r
= 0.81-0.97). Araujo et al. (1991) and
Pettibone (1998) described the same positive
correlation. In Lake Edku, a negative
correlations were found between salinity and
each of Aeromonas species (r = 0.77), EC (r =
0.79) and FS (r = 0.75). The same holds true
with the findings of Marcel et al. (2002) who
found higher isolation frequency of
Aeromonas species and EC when water
salinity lower 10%o.

Aeromonads are common contaminants in
fresh foods including fish and other seafood
(Hanninen et al., 1997). The incidence of
Aeromonas species and fecal indicators in
fresh fish and invertebrates from Lake Edku
during 2004 were recorded in Table 3. All
Fish and invertebrates samples gave positive
results  for  Aeromonas  species  at
concentrations ranged from 0.5x102 to 8x103
cfu/100g. Also all samples were positive for
EC (0.2x10? - 2x10%® cfu/100g) and FS
(0.5x10? - 8.0x10° cfu/100g). These counts
were lower than those (2x10? - 1x108
cfu/100g) reported in fish and shrimp
samples by Neyts et al. (2000) in Belgium.
The prevalence of Aeromonads in fishes
showed seasonal variation with maximum cfu
counts occurring in summer and autumn and
minimum in winter and spring (Table 3).
Holmes and Nicollas (1995) stated that the
growth of Aeromonads is temperature
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dependent, while Gavriel et al. (1998) and
Sautour et al. (2003) reported that the
pathogen is often more recovered during the
warm months.

Aeromonas species  were isolated in
100% of water samples and in 75% and
37.5% of fish and invertebrates samples
(Table 4).The same was true with 100%
incidence of Aeromonas species in freshwater
samples reported by Hanninen et al., (1997)
in Finland and 93-100% in Rivers in
California, USA (Ardi and Olson, 2002),
whereas it was up to 96% in lakes and
reservoirs in Spain (Borrell et al., 1998) and
82% in lagoon water in Abidjan, South
Africa (Marcel et al, 2002). The
Aeromonads were isolated in 75% of studied
fish samples. It was higher (32%) than those
reported by (Ullman et al., 2005) in
Germany, (34%) in New Zealand (Bremer et
al., 2003), (37%) in India (Vivekanandhan et
al., 2005), (42%) in Sweden (Krovace et al.,
1996) and (50%) in Taiwan (Tsai and Chen
1996) and lower (93%) than those in Finland
(Hanninen et al., 1997). In the current study,
the incidence of pathogen in invertebrates
(Shrimp and Crap) (37%) were much lower
than those recorded in fish (75%). This is in
agreement with the findings of Tsai and Chen
(1996) and Vivekanandhan et al. (2005). The
chitinous shell of the shrimp and crap might
not be the conducive for proliferation of the
Aeromonas, as the moisture rich body of fish
(Vivekanandhan et al., (2005).

The production of haemolytic toxins is
regarded as strong evidence of pathogenic
potential in aeromonads (Santos et al., 1999).
The incidence of haemolysin producing
Aeromonades was detected in 65% to 70% of
studied water samples and in 57% and 31%
of fish and invertebrates samples respectively
(Table 4). The same percentage (70%) of
isolated Aeromonas strains was recorded in
Virginia fresh water lakes (Rhodes and Kator,
1994), while a slightly higher percentage
(63% - 88%) was found in environmental
samples in India (Alavandi & Ananthan,
2003). In fish, the current study showed that
57% of samples harbor haemolysin producing
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Aeromonads. The same percentage (57%) of
isolated Aeromonads strain was reported in
retail fish in Malaysia (Heng et al., 2005).
However higher percentage 79%, 88% and
98% were reported in seafood in Taiwan,
Mexico and Germany respectively (Tsai and
Chen, 1996; Castro-Escarpulli et al., 2003;
Ullman et al., 2005).

Since the micro-organism is considered as
food-borne pathogen and can grow and
produce haemolysin not only at optimal
growth temperature but also at refrigeration
temperature (Maalej et al., 2004), the high
prevalence Aeromonas specially haemolysin
species in Lake Edku waters as well as in
fishes and invertebrates, intended for human
consumption, is of great importance from
both epidemiological and ecological point of
view. Unless the ecology and exotoxicology
of this pathogen is fully understood, the
control and prevention of infection might be
possible through (1) Avoiding direct contact
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of people specially fishermen with lake water
(2) Heat treating fishes and seafood before
consumption, since the pathogen is heat
sensitive (Dss = 1.17 min) (Buckle, 1989).
(3) Proper handling, transportation, storage
and marketing of fishes at refrigeration
temperature, since the pathogen tolerates
freezing temperature (Al-Harbi and Uddin,
2005). (4) Avoid cross contamination after
cooking and refrigerate at temperature below
0°C.
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Table 1. Annual mean values of ivestigated bacterial and hydrographical parameters recorded
in surface waters of Lake Edku, Kom Belag drains and Bersik drain during 2004.

Areas | Stations A.spp EC FS T(C) S (S%o0) pH DO (mg/l)

1 7.1x10° | 3.4x10% | 2.0x10? 21.63 2.60 8.20 8.75

2 8.5x10° | 12.0x10%| 4.0x10? 21.40 2.30 7.89 8.58

3 11.6x10° | 15.0x10% | 6.0x107 22.08 1.85 8.23 9.00

4 8.8x10° | 18.0x10%| 5.0x107 21.83 1.90 8.43 9.65

E 5 15.2x10° | 24.0x10% | 6.5x10 22.13 172 8.30 8.13
E 6 15.0x10° | 34.0x10% | 7.5x10 22.00 1.60 7.95 8.03
3 7 12.0x10° | 29.0x10*| 5.0x10° 22.68 1.42 8.08 8.65
8 9.4x103° | 21.0x10*| 3.0x10? 22.05 1.94 8.50 9.00

9 10.3x10° | 15.0x10%* | 1.2x10? 2253 1.82 8.23 9.18

10 6.3x10° | 5.0x10% | 1.2x10? 22.50 3.44 8.43 9.00

mean | 10.4x10° | 17.x10° | 4.3x10? 22.08 2.06 8.22 8.80

1 1.8x10° | 55x10° | 1.9x107 21.13 1.70 8.12 6.38

: 2 75x10° | 25.0x10% | 1.2x107 20.78 1.91 7.78 5.61
g 3 11.3x10° | 29.0x10* | 1.2x10° 21.98 1.30 7.85 5.30
g 4 2.9x10° | 7.5x10% | 3.0x10? 21.90 153 8.82 6.15
E 5 3.4x10° | 8.0x10% | 4.0x10° 22.15 1.90 7.93 6.30
6 5.6x10° | 34.0x10% | 12.0x10° 21.93 1.67 7.90 6.15

Mean | 5.6x10° [30.0x10*| 7.5x10? 21.64 1.67 8.07 5.98

7 2.8x10° | 6.0x10° | 1.9x107 21.65 2.85 7.45 5.63

£ 8 2.9x10° | 9.0x10? | 2.7x10? 22.80 2.46 8.13 6.13
> | 9 35x10° | 6.0x10° | 3.0x107 21.10 1.81 7.65 6.18
3 10 35x10° | 7.0x10° | 4.0x10° 22.65 1.64 7.80 6.00
Mean | 3.3x10° | 7.0x10% | 2.9x10? 22.05 2.19 7.76 5.98

A.spp: Aeromonas spp EC: E.coli  FS: Fecal streptococci  T: Temperature S: Salinity DO: Dissolved oxygen
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Fig. 2. Annual meam values of temperature °C (T), salinity %, (S),pH and dissolved oxygen mg/I (DO) recorded in
surface waters of Lake Edku, Kom Belage drains and Bersik drain during 2004.
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Table 2. Correlation matrix between investigated water parameters in
Lake Edku, Kom Belag and Bersik drains during 2004.

Parameters | A.SPP EC FS T S%g pH DO
A.SPP 1
EC 0.85 1 Lake Edku waters
FS 0.90 0.81 1 n =40
T 0.20 0.26 -0.09 1
S%q -0.77 -0.79 -0.75 -0.08 1
pH -0.09 0.08 -0.32 0.28 0.10 1
DO 0.16 0.32 -0.02 0.64 -0.13 0.38 1
Parameters A.SPP EC FS T S%q pH DO
A.SPP 1
EC 0.86 1 Kom Belag and Bersik drains
FS 0.91 0.97 1 n =40
T -0.12 -0.12 -0.18 1
S%q -0.48 -0.38 -0.45 0.10 1
pH 0.22 0.28 0.30 0.09 -0.57 1
DO 0.03 0.08 0.13 0.23 -0.25 0.76 1

Marked correlations are significant at p <.05000

A.spp: Aeromonas spp EC. E.coli FS: Fecal streptococci T: Temperature (°C)

S%, : Salinity  DO: Dissolved oxygen

462



MOHAMED A. EL-SHENAWY

‘de1) pue dunyg yuonbaiy a10]A :s9109ds FuIMO[[0F A} JO SIOW IO AUO SIPN[OUL J] @

‘sewre])) pue sjoq ‘dre)) ‘qi8njy “erdeqr] juonbaij 210 :s9109ds 3uIMO[[0] 9} JO IOUI 10 QUO SIPN[IUI I -

OIXET | O1X0°€- 01X0T | 01XS'8 | 0IX0T- 01X | 0IX9T | 0IX0h-01X0 | 9 |JIeakaoym

OIX0T | OIX0°E~ 0IX0'T | L01X0'8 | OIX0T-0IX0°€ | OIX0T | 0IX0°€- 01X0°€ b EETLLTYN
O1X0T | OIX0L= 01X0 | 01X0°TL | OIX91-,01X0T | OIXECE | 0I1X0H - 01X0°S b ummny| ,$9)eIqareAu]
OIXFT | 01X0'9- 01X0T | 01X001 | OIX0T-,01X8L | 0IXST | 0I1X0°€- 01%0'8 b Jowung
QX0 | 01X0T- 01X0'T | OIX0E | OIX09-01X0 T | OIX§T | 0IX0h - 01X50 y Sundg

OIXET | 01X0'8 - 01X5°0 | L0IX0°L | 0IX0°T-,01XC0 | OIX0E | L01X0'8-0IX0'T | gz |JIeakajoyp

mo_xwg moﬁxo.m-mo_xm.o LO1X09 | 0IX0°T-01X0C HOIX0°T LOIX0Y - 01X0°S 9 JIJUIAN

LIXTT LOIX07 - L01X0°S Noﬁxo.o mo_xm._ . No_xm.o moﬁxo.m moﬁxo.w - No_xo.v 9 umnmny ) SIYST
01X0°C moﬁxo.w - 01X0°C [ ,01X0°01 QO1X0°T- No_xw.o LOIX0 LO1%0°8 - Noﬁxo.m 8 Jowung

moﬁxm.ﬁ moﬁxo.m - 0IXG0 [ 0IXGE O1%X9°0-.01XC0 L01X0°C HOIX09-.01%0°1 8 wﬁ_h&m

uvow o3uel uvow aguel ueow aguel sojdures

d d4
1900003da.43s [829] 102" dds sezomotay JoroN uosed§ sojduies JO 9dAfT,

*(8001/nJ0) SI)RIYIIAUI PUE SIYSIJ UI BLIIJOBQ PI)ESTIISIAUI JO S)UN0)) *€ IqBL

463




*dea) pue dunayg juanbaiy s10y :sor99ds Surmor[oy 9y) Jo 210U 10 SUO SIPN[IUI J] ©
'serre[) pue spy ‘dae) ‘NSnpy ‘erdeqi], yuanbaiy aa0y :sar0ads Suisor[o) 943 Jo 10U 10 JUO SIPN[IUI I ®

(%I¢) 91/S (%S°LE) 91/9 91 @ ereIqaRAT]
(%LS) 87/91 (%SL) 87/1¢ 8¢ (SPUS
(%59) 91/6 (%001) 91/91 91 (ureap yisiog) Jjep\
(%99) vT/91 (%001) vT/ve T (surexp Sepog woy]) JeA|
(%0L) 0¥/9¢C (%001) 0¥/0% 0 (mipy e]) Jojep

dds seaomo.ray
Suronpouad uisAjomaey
Jo (2,) pue duapuy

‘dds szzmomorsy | sojdues

Jo (%,) pue dduwapnuy | Jo *oN sojdures yo ad4,

PREVALENCE AND HAEMOLYTIC ACTIVITY OF AEROMONAS SPECIES IN LAKE EDKU AND

CONNECTED DRAINS

$007 SULINp SI)BIQI)IIAU]
pue ysij ‘sureap yisiog pue 3e[jog-mwoy] ‘mypy e woly pajejost dds
segomo.1ay 3unpold uisA[owIdvy pue UIPIIUI JO ILIUIIJ P IqBL

464




REFERENCES

Abbott, S.L.; Cheung, W.K.W.; Janda, J.M.
2003: The genus Aermonas: Biochemical
characteristics, atypical reactions and

phenotypic identification schemes, J.
Clinical. Microbiol. 41: 2348-2357.
Alavandi, S.V.; and Ananthan, S. 2003:

Biochemical characteristic serogroups and
virulence factors of Aeromonas species
isolated from cases of diarrhea and
domestic water samples in Chennai
Indian’, J. Medical Microbiology 21: 232-
238.

Al-Harbi, A.H. and. Uddin, M. N. 2005:
Microbiological quality changes in the
intestine of hybrid tilapia (Oreochromis
niloticus x Oreochromis aureus) in fresh
and frozenstorage condition’, Litt. Appl.
Microbiol. 40:486-490.

Araujo, R.M.; Arribas, A.M.; Pares, R. 1991
Distribution of Aermomonas species
waters with different levels of pollution’,
J. Appl. Bact. 71: 182-186.

Ardi, V.C. and Olson, B.H. 2002: Prevalence
of virulence factors in Aeromonas
hydrophyila in southern California’s
coastal waters, in: Water Quality of lakes,
livers and coastal Zones.
http://also.org./meetings/victoria2002/arc
hive/826.himl.

Barghouthi, S.; Young, R. Olson, M.O.;
Arceneaux, J.E.; Clem, L. W.; Rgers, B.R.
1989: Amonobactin, a novel treptophan or
phenylalanine-containing phenolate
siderophore in Aeromonas hydrophila, J.
Bacteriol. 171:1811-1816.

Bizani, D. and Brandellii, A. 2001:
Antimicrobial susceptibility haemolysis
and haemagglutination among Aeromonas
spp. isolated from water of abovine
abattoir', Braz. J. Microbiol. 32: 334-339.

Borrell, N.; Figueras, M.J.; Guarro, J. 1998:
Phenotypic identification of Aeromonas
genomes species from clinical and
environmental sources, Can. J. Microbial.
44:103-108.

465

MOHAMED A. EL-SHENAWY

Brenden, R., and Janda J.M. 1987: Detection,
guantitative and stability of the beta
hemolysin of Aeromonas spp.’, J. Med.
Microbiol. 24: 247-251.

Bremer, P.J.; Fletcher, G.C.; Osborne, C.
2003: Aeromonas spp in seafood’, in: New
Zealand Institute for crop and Food
Research Limited. 8pp.

Buckle, K.A. (ED) 1989: Food-borne
Microorganisms  of  Public  Health
Significance, AIFST (NSW Branch),

Food Microbiology Group. P.O. Box 277,
Pymble, NSW 2073, Australia.

Castro-Escarpulli  G.; Figueras, M. j.;
Aguilera-Arreola, G, Soler, L.;
Frenandez-Rendon,E.;  Aparicio, G. O.

2003:'Characterisation of Aeromonas spp.
isolated from frozen fish intended for
human consumption in Mexico, Int. J.
Food Microbiol. 84: 41-49.

El-Shenawy, M.A.; Farg, A. M.; EI-Shenawy,
M.A. 2000: Bacteriological pollution in
Lake Edku. Bull. Nat. Inst. Oceanogr.
Fish., AR.E. 26: 241-255.

GAFRD (General Authority for Fish
Resources Development) 2003: Yearbook
of fishery statistics, Technical Report,
Cairo, Egypt.

Gavriel, A.A.; Landre, J.P.; Lamb, A. J.
1998: Incidence of mesophilic Aeromonas
within a public drinking water supply in
north-east Scotland, J. Appl. Microbiol.
84: 383-392.

Ghenghesh K.S., El-Ghodban, A.; Dkakni,
R.; Abeid, S.; Attomi, A.; Tarhuni, A;
Marialigeti, K. 2001: Prevalence, species
differential, hemolytic activity and
Antibiotic susceptibility of Aeromonads
in untreated well water, Memorias do
Instituto Oswaldo Cruz 96: 169-173.

Hanninen, M L.; Oivanen, P.; Hirvela-Koski,
V. 1997: Aeromonas species in fish, fish-
eggs, shrimp and fresh water, Int. J. Food
Microbiol. 34: 17-26.

Harnisz, M. and Zmyslowska, |I.
2004:'Enumeration of selected potentially
pathogenic bacteria in post-cooling waters


http://also.org./meetings/victoria2002/archive/826.hlml
http://also.org./meetings/victoria2002/archive/826.hlml

PREVALENCE AND HAEMOLYTIC ACTIVITY OF AEROMONAS SPECIES IN LAKE EDKU AND

CONNECTED DRAINS

used in fish fattening', Bulletin of the sea
Fisheries Institute, Poland 2: 31-39.

Hazen, T.C., Filerman, C.B.; Hirsch, R. P;
Esch, G. W. 1978: Prevalence and
distribution of Aeromonas hydrophila in
the United States, Appl. Microbiol. 36:
731-738.

Heng, C.K., Radu, S.; Ismail S.; Hassan, E.H.
2005: Detection and identification of
chloramphenicol acelyltransferase gene in
Aeromonas  isolates by  multiplex
polymerase chain Reaction, J. animal and
vet. Advances 4: 28-33.

Holmes, P., and Niccolls, L.M. 1995:
Aeromonads in drinking water supplies-
their occurrence and significance, J.
Chart. Inst. Water Enbrion. Manage. 5:
464-4609.

Imziln, B.; Krovacek, K.; Baloda, S.B.;
Kuhn, I.; Gonzalez-Rey, C.; Svenson S.B.
1998: Characterization of potential
virulence markers in Aeromonas caviae
isolated from polluted and unpolluted
aquatic environments in Morocco', FEMS
Microbiology Ecology 27: 153-161.

I0S,  (International ~ Organization  for
Standardization) No. 5667/9 1992: Water
Quality-Sampling-part 9: Guidance on
sampling from marine waters', Technical
Report, Geneva, Switzerland.

I0S, (International  Organization  for
Standardization) No. 7899/2 1984: Water
Quality-Detection and enumeration of
streptococci-part  2:  Methods by
membrane filtration', Technical Report,
Geneva, Switzerland.

I0S,  (International ~ Organization  for
Standardization) No. 9308/1 1990: Water
Quality-Detection and enumeration of
coliform  organisms,  thermotolernat
colifrom organisms and presumptive
Escherichia coli — Part 1: Membrane
filtration method, Technical Report,
Geneva, Switzerland.

Janda, J.M. and Abbott, S.L. 1998: Evolving
concepts regarding the genus Aermonas:
an expanding panorama of species,
diseases presentations, and unanswered
questions, Clin. Infect. Dis. 27: 332-344.

466

Krovace, K., Faris, A.; Baloda, S.J;
Lindberg, T.; Peterz, M.; Mansson, I.
1996: Isolation and virulence profiles of
Aeromonas spp. from different municipal
drinking water supplies in Sweden, J.
Food Microbiol. 9: 215-222.

Maalej, S., Denis, M.; Dukan, S. 2004:
Temperature and effects on Aeromonas
hydrophila survival in natural seawater
microcosms: role of protein synthesis and
nudeix acid content on viable but
temporarily  nonculturable  response,
Microbiology 150: 181-187.

Marcel, K.; Antoinette, A.; Mireille, D. 2002:
Isolation and  characterization  of
Aeromonas species from an eutrophic
tropical estuary’, Mar. Poll. Bull. 44;:
1341-1344.

Merino, S.; Rubires, X.; Knochel, S,;
Thomas, J. 1995: Emerging pathogens:
Aermonas spp., Int. J. Food Microbial.
28: 157-168.

Moyer, N.P.; Luccini, G.M.; Holcomb, L.A;
Hall, N.H; Atwegg, M. 1992: Application
of  ribotyping  for  differentiating
aeromonads  isolated from clinical
environmental sources, Appl. Environ.
Microbiol. 58: 1940-1944.

Neyts, K.; Huys, G.; Uyttendaele, M.;
Swings, J.; Debevere, J. 2000: Incidence
and  identification of  mesophilic
Aeromonas spp. from retail foods', Lett.
Appl. Microbiol. 31: 359-364.

Ormen, O. and Ostensvik, O. 2001: The
occurrence of aerolysin-positive
Aeromonas spp. and their cytotoxicity in
Norwegian water sources, J. Appl.
Microbiol. 90: 797-802.

Pettibone, G.W. 1998: Population dynamics
of Aeromonas spp. in an urban river
watershed, J. Appl. Microbiol. 85: 723-
730.

Pianetti, A.; Baffone, W.; Bruscolini, F,;
Barbieri, E.; Biffi, M.R.; Salvaggio,L.;
Albano, A. 1998: Presence of several
pathogenic bacteria in the Metauro and
Foglia Rivers (Pesaro-Urbino, Italy),
Water. Res. 32: 1515-1521.



Rhodes, M.W. and Kator, H. 1994: Seasonal
occurrence of mesophilic Aeromonas spp.
As a function of biotype and water quality
in temperature freshwater lakes. Water
Res. 28: 2241-2251.

Santos, J.A.; Gonzalez, C.J.; Otero, A.;
Garcia-Lopez, M.L. 1999: Hemolytic
activity and Siderophore production in
different Aermonoas species isolated from
fish, Appl. Environ. Microbiol. 65: 5612-
5614,

Sautour, M.; Mary, P.; Chihib, N.E.; Hornez,
J.P. 2003: The effects of temperature,
water salinity and pH on the growth
Aeromonas hydrophila and on its
subsequent survival in microcosm water,
J. Appl. Microbiol. 95: 307-813.

Schubert, R.H. 1991: Aeromonads and their
significance as potential pathogens in
water, J. Appl. Bacteriol. Symp. Suppl.,
70: 131S-135S.

Sechi. L.A.; Deriu, A.; Falchi, M.P.; Fadda,
G.; Zanetti, S. 2002: Distribution of
virulence genes in Aeromonas spp.
isolated from Sardinian waters and from
patients with diarrhea’, J. Appl. Microbiol.
92: 221-227.

Sen, K. and Rodgres, M. 2004: Distribution
of six virulence factors in Aeromonas
species isolated from US drinking water
utilities: a PCR identification, J. Appl.
Microbiol. 97: 1077-1087.

467

MOHAMED A. EL-SHENAWY

Spanggaard, B.; Huber, L.; Nielsen, J.;
Nielsen, T.; Appel, K.F.; Gram, L. 2000:
The microflora of rainbow trout intestine:
a comparison of traditional and molecular
identification', Aquacul. 182: 1-15.

Thornley, J.P.; Shaw, J.G.; Gryllos, LA
Eley, A. 1997: Virulence properties of
clinically significant Aeromonas species:
evidence for pathogenicity, Rev. Med.
Microbiol. 8: 61-72.

Tsai, G.J. And Chen, T.H. 1996, 'Incidence
and  toxigenicity =~ of  Aeromonas
hydrophilla in sea food', Int. J. Food
Microbiol. 31: 1-3.

Ullmann, D.; Krause, G,; Kanbner, D.;
Weber, H.; Beutin, L. 2005: Isolation and
characterization of potentially human
pathogenic, cytotoxin-producing
Aermonas strains from retailed seafood in
Berlin, Germany, J. Vet. Med. Series B.
52: 82-87.

Villari, P.; Crispino, M.; Montuori, P.;
Boccia, S. 2003: Molecular typing of
Aeromonas isolates in natural mineral
water', Appl. Environ. Microbiol. 69: 697-
701.

Vivekanandhan, G.; Hatha, A.A.; Laksh
manaperumalsamy, P. 2005: Prevalence
of Aeromonas hydrophila in fish and
prawns from the seafood marker of
Coimbactore,  South  India’, Food
Microbiology 22: 133-137.



