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Abstract: One hundred twenty of apparently healthy samples of shellfish (30 each of baclawese “Tartufo di
mare”, om EL-khloul “Donax trunculus anatinus”, crab “Portunus pelagicus” and shrimp “Metapenaeus
stebbingi”) were randomly purchased from Port-Said markets. The samples were examined for enumeration
and isolation of motile Aeromonas species as well as the incidence of hemolysin producing motile Aeromonas
species.  The  incidence  of  positive  samples  for motile Aeromonas spp. were 100% (30), 93.33% (28),
86.67% (26) and 76.67% (23) while the mean values of the total motile Aeromonas counts were 5.2 X 106,   5.4
X 105,  2.7 X 105 and 3.2 X 104 CFU/g food in baclawese “Tartufo di mare”, om EL-khloul “Donax trunculus
anatinus”, crab “Portunus pelagicus” and shrimp “Metapenaeus stebbingi” respectively. The numbers of motile
Aeromonas isolates were 58, 40, 35 and 29, while the incidence of hemolysin producing motile Aeromonas
isolates were 86.21% (50), 72.50% (29), 74.29% (26) and 65.52% (19) in the examined samples of baclawese
“Tartufo di mare”, om EL-khloul “Donax trunculus anatinus”, crab “Portunus pelagicus” and shrimp
“Metapenaeus stebbingi” respectively. The bacterial isolates were found with different incidences in the
examined samples and identified as Aeromonas hydrophila, A. sobria and A. caviae. The predominant bacterial
isolates in all examined samples were Aeromonas hydrophila. The relationship between the types of isolated
strain and hemolysin production were discussed in the examined samples.
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INTRODUCTION

In the recent years the scientific basis of the
important and benefits of the diets was established to meet
the consumers need and the safety from microbial and
hazardous effect.

Shellfish was one of the most important and
beneficial diets to consumers due to their highly
palatability and digestibility, their poorness in fat and
their rich in vitamins, minerals and omega 3
polyunsaturated fatty acid which not produced within the
body and reduce the risk of heart diseases and
atherosclerosis Simopoulos[1], Umemura et al.,[2] and
Smith[3]. On the other hand the microbiological
contamination and decomposition of the shellfish
including the contamination by Aeromonas hydrophila
group considered the most major problem FAO[4] and
Smith[3].

Aeromonas hydrophila group are the most important
and serious opportunistic emerging bacterial pathogen and
considered as a primary pathogen for a wide variety of
aquatic animals and coldblooded vertebrate including
amphibian and reptiles that inhabitant wet environment
Hird et al.,[5], Isaacs et al.,[6], Janda[7] and Foster[8] causing
septicaemic infections and pathological condition named
Aeromonosis MacIntyre and Buckley[9], Ghittino[10] and
Abeyta et al.,[11].  

These group are ubiquitous and universally
distributed in natural inhabitants in the aquatic ecosystem
such as soil, fresh, brackish, marine and waste water and
sewage effluents Bishara[12], Araujo et al.,[13], Monfort and
Baleux[14], Shepherd and Bromage[15], Ashbolt et al.,[16]

and  Minnaganti  et al.,[17] and form part of the regular
flora of poiquilotherm and homeotherm animals
Carnahan, et al.,[18] thus can be isolated from a wide
variety  of food of animal origin including shellfish
Abeyta et al.,[11], Abbott et al.,[19], Casadei et al.,[20] and
Kühn et al.,[21].

Members   of   these   group   are  Gram-negative,
non-spore forming, rod shaped, oxidase and catalase
positive, motile by polar flagellum, mesophilic and
facultative anaerobic bacteria of family Aeromonadaceae
include Aeromonas hydrophila, A. sobria and A. caviae
Popoff et al.,[22], Popoff[23], Buchanan and Palumbo[24],
Colwell et al.,[25], and Carnahan et al.,[26].

The spoilage potential and pathogenicity of these
types of organisms in the shellfish and food have been
correlated to its ability to secrete several extracellular
virulent products such as hemolysin, enterotoxins,
cytotoxinns, lipase and proteases MacIntyre and
Buckley[9], Thune, et al.,[27], Ljungh and Wastrom[28],
Cahill[29] and Krovacek et al.,[30].
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Over the last few years the interest in motile
Aeromonas species has gone beyond the boundaries of
fish pathology due to the increase of diseases in man
which caused by these agents followed by consumption of
the contaminated shellfish and other food Janda[7] and
Chopra and Houston[31]. They considered as food born
pathogen causing food poisoning and traveler’s diarrhea
in the form of two types of acute gastroenteritis, a
cholera-like illness with a watery (rice and water) diarrhea
and dysentery like illness characterized by loose stools
containing blood and mucous. Moreover it can produce a
sever extraintestinal diseases such as septicemia,
peritonitis, endocarditis, meningitis, cellulites,
pneumonia, hepatobiliary, urinary tract, wound, eye and
ear infections specially in malignancies and
immunocompromised host as well as health individual of
all age Ellison and Mostow[32], Greeenway[33], Michael[34],
Palumbo, et al.,[35], Merino et al.,[36], Chopra and
Houston[31], Minnaganti, et al.,[17], Villari, et al.,[37] and
FDA[38]. 

Thus the present study was designated to screening
the safety of some shellfish in Port-Said city through
enumeration and isolation of motile Aeromonas species as
well as detection of hemolysin producing isolates with
their public health significance.

MATERIALS AND METHODS

Samples collection: A total of 120 apparently healthy
samples of shellfish (30 each of baclawese “Tartufo di
mare”, om EL-khloul “Donax trunculus anatinus”, crab
“Portunus pelagicus” and shrimp “Metapenaeus
stebbingi”) were randomly purchased from Port-Said
markets. Each individual sample was placed separately
into sterile plastic bag on ice, thoroughly identified and
delivered to the laboratory without delay to be examined
bacteriologically for enumeration, isolation and
biochemical identification of the motile Aeromonas spp.
followed by examination of the isolates for hemolysin
production. 

Bacteriological examination: 
Preparation of the samples for bacteriological
examination: A representative 25 g sample of shellfish
were taken aseptically and homogenized in 225 ml TSBA
(Tryptic soy broth plus 10 µg/ml ampicillin) according to
Palumbo, et al.,[39], Okrend, et al.,[40]  and USDA/FSIS[41].
The prepared sample was divided into two portion, the
first portion for enumeration and the second one for
detection and identification of the motile Aeromonas
species. 

Enumeration of motile Aeromonas species: Tenfold
serial dilution of the first portion of the prepared sample
was prepared using TSBA till dilution 106. By using pour

plating technique, one ml of each dilution and twenty ml
of SA (Starch ampicillin) agar were mixed thoroughly and
uniformly in marked petri plates. All plates were inverted
and incubated at 28°C for 18-24 h. The Aeromonas count
was expressed as number of organisms/g of food
Palumbo, et al.,[39] and Okrend, et al.,[40].

Detection of motile Aeromonas species: After
incubation of the second portion of the prepared sample
at 28°C for 18-24 h a tenfold serial dilution were prepared
using BPD (Bufferfield’s phosphate diluent) till dilution
106, then 0.1 ml from each of 104 till 106 dilutions was
evenly spread onto the surface of SA (Starch ampicillin)
agar plates. All plates were inverted and incubated at 28°C
for 18-24 h. Three typical colonies per sample from the
SA agar plates were Picked and streaked onto TSI (Triple
sugar iron) agar slants. All tubes were incubated overnight
at 28°C followed by biochemical identification of the
isolates USDA/FSIS[41].

Biochemical identification of the isolates: All oxidase-
positive isolates were transfer from the TSI agar slants
showed alkaline or acid slant and acid butt to the
following media for biochemical confirmation: mannitol
fermentation broth, arginine and ornithine decarboxylase
broth, glucose fermentation broth, and bile esculin agar
according to Sneath, et al.,[42], FAO[43] and USDA/FSIS[41].

Isolates of motile Aeromonas spp. that are to be
tested for hemolysin production were transferred from
TSI agar to nutrient agar slants and incubate overnight at
28°C. USDA/FSIS[41].  

Examination of the isolates for hemolysin production:
After the preparation of culture filtrate, rabbit erythrocyte
suspensions and hemoglobin standard curve, the
examination of the isolates for hemolysin production were
conducted on microtiter plate and read on a microtiter
plate reader at 540 nm according to Burke et al.,[44,45] and
USDA/FSIS[41]

Statistical methods: Minimum, maximum, mean,
standard error and standard deviation of mean and
frequency distribution were used to describe data. T-test
was used to evaluate the relationship between the types of
the isolated spp. and hemolysin production.  P. value was
considered significant if less than 0.05 and 0.01 at 95%
and 99% respectively. These tests were analyzed using the
Statistical Package for Social Scientists (SPSS) for
windows 12.0 (SPSS Inc., Chicago, IL, and USA).

RESULTS AND DISCUSSIONS

Recently members of motile Aeromonas has received
increasing attention due to the epidemiological evidence
which  suggested  that  these  organisms   cause  sporadic
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Table 1: Statistical analytical results of the total counts of motile Aeromonas organisms (CFU/g food) recovered from some species of shellfish.
Type of samples
------------------------------------------------------------------------------------------------------------------------------------------
Baclawese Om EL-Khloul Crab “Portunus Shrimp“ Metapenaeus
“Tartufo di mare” “Donax trunculus anatinus” pelagicus” stebbingi”

No. of samples 30 30 30 30
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Positive samples No. 30 28 26 23

-----------------------------------------------------------------------------------------------------------------------------------------------------------
% 100 93.33 86.67 76.67

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Statistics of count Min. 1.0 X 105 0.00 0.00 0.00

-----------------------------------------------------------------------------------------------------------------------------------------------------------
Max. 5.0 X 107 2.8 X 106 2.4 X 106 4.5 X 105

-----------------------------------------------------------------------------------------------------------------------------------------------------------
Mean 5.2 X 106 5.4 X 105 2.7 X 105 3.2 X 104

-----------------------------------------------------------------------------------------------------------------------------------------------------------
S.E. 1.7 X 106 1.3 X 105 1.1 X 105 1.6 X 104

-----------------------------------------------------------------------------------------------------------------------------------------------------------
S.D. 9.2 X 106 7.3 X 105 5.8 X 105 8.5 X 104

Min. = Minimum.  Max. = Maximum.   SE = Standard Error    SD = Standard Deviation

Table 2: Frequency distribution of the total counts of motile Aeromonas organisms (CFU/g food) recovered from some species of shellfish.
Type of samples
----------------------------------------------------------------------------------------------------------------------------------------------------------------
Baclawese Om EL-Khloul Crab “Portunus Shrimp“Metapenaeus
“Tartufo di mare” “Donax trunculus anatinus” pelagicus” stebbingi”
------------------------- ----------------------------- ----------------------------- ---------------------------------

Count range No. % No. % No. % No. %
0.0 ----- ----- 2 6.67 4 13.33 7 23.33
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
> 0.0- <103 ----- ----- ----- ----- ----- ----- 8 26.67
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
103 - <104 ----- ----- ----- ----- 2 6.67 7 23.33
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
104 - <105 ----- ----- 5 16.67 12 40.00 6 20.00
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
105 - <106 6 20.00 18 60.00 9 30.00 2 6.67
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
106 - <107 22 73.33 5 16.67 3 10.00 ----- -----
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
107 - <108 2 6.67 ----- ----- ----- ------ ----- -----
Total 30.00 100.00 30.00 100.00 30.00 100.00 30.00 100.00

human gastroenteritis outbreaks followed the
consumption of shellfish Palumbo et al.,[39] and FAO[4].
These organisms were including in the list of enteric
pathogenic bacteria Gracey et al.,[46]. 

The summarized results in table (1) showed that the
incidence of positive examined baclawese “Tartufo di
mare”, om EL-khloul “Donax trunculus anatinus”, crab
“Portunus pelagicus” and shrimp “Metapenaeus
stebbingi” for motile Aeromonas spp. were 100% (30),
93.33% (28), 86.67% (26) and 76.67% (23) respectively.
These results were agreed with the results recorded by
Abeyta and Wekell[47] and lower than the results recorded
in shrimp by Yaun and Lin[48] but higher than the results
recorded by Knochel and Jeppesen[49], Tsai and Chen[50]

and Neyts et al.,[51]. The highness of the results may be
attributed to the fact that the shellfish are filter feeder,
filter large volume of water, present close in shore and are
liable to contamination from different sources so
accumulate and concentrate pathogenic microorganisms
specially aquatic microorganisms such as motile
Aeromonas spp. FAO[4] and also shellfish considered the
reservoir of these microorganisms Abeyta et al.,[11].

Also table (1) showed that the mean values of the
total motile Aeromonas counts were 5.2 X 106,   5.4 X 105,
2.7 X 105 and 3.2 X 104 CFU/g food of baclawese
“Tartufo di mare”, om EL-khloul “Donax trunculus
anatinus”, crab “Portunus pelagicus” and shrimp
“Metapenaeus stebbingi” respectively. These results were
higher than the results recorded by Palumbo, et al.,[39],
Villalobos and Elguezabal[52] and Birkenhauer and
Oliver[53]. This may be attributed to sewage and secondary
contamination, bad handling practices, using of polluted
and non-hygienic water as well as using of ice of cheep
quality and abuse time/temperature of storage Janda[7] and
Karunakaran and Devi[54]. Also the tropic status of the
harvested area cause seasonal variation in the counts of
motile Aeromonas spp. where the warmer months show
the greatest populations Schubertt[55], Seidler et al.,[56],
Rippey and Cabelli[57],  Araujo et al.,[58], Rhodes and
Kator[59] and Stecchini and Domenis[60]. 

The obtained results in tables (2) recorded that the
total counts of motile Aeromonas were ranged from 105 to
<108 CFU/g food for 100% of the examined sample of
baclawese  “Tartufo  di  mare”,  from  104  to <107 CFU/g
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Table 3: Incidence of motile Aeromonas species recovered from some species of shellfish.
Type of samples 
--------------------------------------------------------------------------------------------------------------------------------------

Incidence of motile Baclawese Om EL-Khloul Crab “Portunus Shrimp “Metapenaeus
Aeromonas “Tartufo di mare” “Donax trunculus anatinus” pelagicus” stebbingi” Total
No. of examined samples 30 30 30 30 120
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
No. of positive samples 30 28 26 23 107
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Isolates No. 58 40 35 29 162

----------------------------------------------------------------------------------------------------------------------------------------------------
% 100.00 100.00 100.00 100.00 100.00

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Isolates type
------------------------------
Aeromonas hydrophila No. 37 23 20 14 94

----------------------------------------------------------------------------------------------------------------------------------------------------
% 63.79 57.50 57.14 48.28 58.02

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Aeromonas sobria No. 15 6 6 4 31

----------------------------------------------------------------------------------------------------------------------------------------------------
% 25.86 15.00 17.14 13.79 19.14

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Aeromonas caviae No. 6 11 9 11 37

----------------------------------------------------------------------------------------------------------------------------------------------------
% 10.34 27.50 25.71 37.93 22.84

Table 4: Incidence of hemolysin producing motile Aeromonas species recovered from some species of shellfish
Type of samples
--------------------------------------------------------------------------------------------------------------------------------------

Incidence of motile Baclawese Om EL-Khloul Crab “Portunus Shrimp“Metapenaeus 
Aeromonas “Tartufo di mare” “Donax trunculus anatinus” pelagicus” stebbingi” Total
Examined strain No. 58 40 35 29 162
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Hemolysin positive strain No. 50 29 26 19 124

----------------------------------------------------------------------------------------------------------------------------------------------------
% 86.21 72.50 74.29 65.52 76.54

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Aeromonas hydrophila
-----------------------------
Isolates No. 37 23 20 14 94
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Hemolysin +ve No. 36* 21* 19* 13* 89*

----------------------------------------------------------------------------------------------------------------------------------------------------
% 97.30 91.30 95.00 92.86 94.68

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Aeromonas  sobria
-----------------------------
Isolates No. 15 6 6 4 31
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Hemolysin +ve No. 14* 5* 5* 3* 27*

----------------------------------------------------------------------------------------------------------------------------------------------------
% 93.33 83.33 83.33 75.00 87.10

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Aeromonas  caviae
-----------------------------
Isolates No. 6 11 9 11 37
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Hemolysin +ve No. 0.00 3 2 2 7

----------------------------------------------------------------------------------------------------------------------------------------------------
% 0.00 27.27 22.22 18.18 18.92

*Significant at P < 0.05 and P < 0.01 using t-test 

food for 93.33% of om EL-Khloul “Donax trunculus
anatinus and from 103 to <107 CFU/g food for 86.67% of
crab “Portunus pelagicus” while the counts of motile
Aeromonas in shrimp “Metapenaeus stebbingi” were
ranged from >0.0 to <106 CFU/g food for 76.67% of the
samples. The count range of the rest of om EL-Khloul
“Donax trunculus anatinus”, crab “Portunus pelagicus”

and shrimp “Metapenaeus stebbingi” were 0.00 CFU/g
food for each type and form the lowest count in the
examined samples with a percentage of 6.67% (2),
13.33% (4) and 23.33% (7) respectively. Meanwhile the
highest count was 5.0 X 107 CFU/g food and found in
baclawese “Tartufo di mare”,. These results may be
attributed  to high initial counts of motile Aeromonas spp.
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and  bad  hygiene  of  the post-harvested handling
González et al.,[61] and high levels of pollution specially
high concentration of organic matter in the site of
baclawese “Tartufo di mare” harvesting than that site of
others shellfish samples Lowcock and Edwards[62]. Also
the cumulative effect of the various physicochemical
parameters of pollution could increase the total of motile
Aeromonas counts in the site of  baclawese “Tartufo di
mare” harvesting Nakano et al.,[63]. 

The given results in table (3) showed that the total
number of motile Aeromonas isolates in baclawese
“Tartufo di mare”, om EL-khloul “Donax trunculus
anatinus”, crab “Portunus pelagicus” and shrimp
“Metapenaeus stebbingi” were 58, 40, 35 and 29
respectively. The high incidence of isolates number was
58 and found in baclawese “Tartufo di mare” while the
low incidence of isolates number was 29 and found in
shrimp “Metapenaeus stebbingi”. These results may be
attribute to the significant relationship between the total
counts and the number of isolates of motile Aeromonas
spp., the high levels of pollution and organic matter
besides the ability of Aeromonas species to grow well at
tropic status even at low temperature, at low pH and at
certain levels of salinity Araujo et al.,[64], Araujo et al.,[58]

and Lowcock and Edwards[62]. Also table (3) showed that
the isolated strain in the examined samples were
identified as Aeromonas hydrophila, A. sobria and A.
cavia and the highest incidence of isolates were
Aeromonas hydrophila which present in a percentage of
63.79% (37), 57.50% (23), 57.14% (20) and 48.28% (14)
in baclawese “Tartufo di mare”, om EL-khloul “Donax
trunculus anatinus”, crab “Portunus pelagicus” and shrimp
“Metapenaeus stebbingi” respectively. Meanwhile the
lowest incidence of isolates in om ELkhloul “Donax
trunculus anatinus”, crab “Portunus pelagicus” and shrimp
“Metapenaeus stebbingi” samples was A. sobria with a
percentage of 15.00% (6), 17.14% (6) and 13.79% (4)
respectively but in baclawese “Tartufo di mare” was A.
caviae with a percentage of 10.34% (6). The highest
number of identified isolates were 37, 15 and 6 for
Aeromonas hydrophila, A. sobria and A. cavia
respectively and found in baclawese “Tartufo di mare”,
while the lowest number of identified isolates were 14, 4
and 11 for Aeromonas hydrophila, A. sobria and A. cavia
respectively and found in shrimp “Metapenaeus
stebbingi”. These results agreed with the results reported
by Nielsen et al.,[65] in crab and by Ullmann et al.,[66] in
om EL-Khloul, crab and shrimp but not agreed with
results recorded by Ullmann et al.,[66] in baclawese and by
Rodringuez and Antillon[67]. The highness in the
concentration of A. hydrophila may attributed to an
increase  of  organic  matter  Lowcock and Edwards[62]

and  decrease  in  the  salinity  of  the  harvested site
Kaper et al.,[68]. While A. sobria was increased in brackish

and stagnant water Seidler et al.,[56] and also depend upon
the concentration of organic matter Lowcock and
Edwards[62], sewage effluents and nutrient-rich condition
of water Seidler et al.,[56], but A. cavia increased in marine
water and in presence of high degree of organic loading
Nakano et al.,[63] and Stecchini and Domenis[60].  

The representative results in table (4) revealed that
incidence of hemolysin producing motile Aeromonas spp.
in baclawese “Tartufo di mare”, om EL-khloul “Donax
trunculus anatinus”, crab “Portunus pelagicus” and shrimp
“Metapenaeus stebbingi” samples were 86.21% (50),
72.50% (29), 74.29% (26) and 65.52% (19) respectively.
The incidence of hemolysin producing A. hydrophila in
the shellfish samples were ranged from 97.30% to 92.86%
of the total isolates of A. hydrophila while that of the A.
sobria were ranged from 93.33 % to 75.00% but that of A.
cavia were ranged from 0.00 % to 18.18%. This indicates
that A. hydrophila and A. sobria were more hemolysin
producer than A. cavia (rare hemolysin producer).
Statistically by using t-test, table (4) showed a significant
relationship between each of A. hydrophila and A. sobria
for hemolysin production but the relationship between A.
cavia and hemolysin production was non-significant.
These  results  agreed  with  the results recorded by
Brauer et al.,[69] and Ghenghesh et al.,[70] whose showed a
significant difference between the hemolysin production
with A. hydrophila and A. sobria compared with A. cavia.
Shellfish is more perishable food than other food and their
tissues considered the ideal substrate for proliferation of
motile Aeromonas spp. Thus in conclusion, strictly
hygienic measurement for prevention and removal the
source of pollution from the harvested sites specially the
organic matter and sewage, properly washing of shellfish
for an adequate period of time by using unpolluted and
hygienic water, rapid cooling by good quality ice, good
and hygienic handling practices, and good
time/temperature storage besides prevention the cross and
secondary contamination results in low initial counts of
motile Aeromonas spp. in shellfish and increase their
shelf life. On the other hand food hygienist should be put
motile Aeromonas spp. in the general screening for
enteropathogenic microorganism. 
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