
Australian Journal of Basic and Applied Sciences, 3(4): 3374-3385, 2009

ISSN 1991-8178

 

Corresponding Author: Dr. Nermeen A. El-Sersy, National Institute of Oceanography and Fisheries, Microbiology

lab. Environmental Division, Alexandria, Egypt

Tel: 0106620217 E-mail: nermeen_ok@yahoo.co.uk

3374

Distribution and Bio-diversity of Faecal Indicators and Potentially Harmful

Pathogens in North Delta (Egypt)

Gehan M. Abou-Elela; Nermeen A. El-Sersy, Hanan Abd-Elnaby and Sahar H. Wefky

National Institute of Oceanography and Fisheries, Microbiology lab. Environmental Division,

Alexandria, Egypt

Abstract: Fish losses from infectious diseases are a significant problem in marine environment.

Microbial distribution of faecal indicators and potentially harmful pathogens in North Delta (Egypt)

was evaluated. Gamasa and Baltim water samples were recorded as polluted sites (158 and 113

CFU/100ml) respectively in case of E.coli count. While, the count of all other pathogens was

relatively low. The highest count of Vibrio sp. was detected in Demitta, and the maximum count of

Aeromonas sp. was achieved in Rosetta. Moreover, Staphylococcus sp. showed the highest occurrence

in El-Brolus and Abou-Kashaba, while. Salmonella sp. achieved its maximum count in Abou-Kashaba.

Sediment samples showed relatively high count of different pathogens than that recorded in sea water.

In view of increasing evidence supporting the role of microbial pathogens in farming fish diseases

which located in North Delta, we isolated, identified and studied the haemolytic activity and antibiotic-

resistance of thirty bacterial strains of the same region. Fifty % of isolates showed haemolytic

capability. 

 

Key words: Faecal indicators- -Vibrio sp.-Aeromonas sp. Staphylococcus sp.- Salmonella sp.-

Haemolysis-Antibiotics

INTRODUCTION

The aquatic environment represents the habitat of diverse microorganisms; some of   them have pathogenic

characteristics. These bacteria were considered as etiological agents of infectious diseases to human and marine

mammals (Baker-Austin et al., 2006 and Pereira et al., 2007). 

Sea water and beach quality monitoring and assessment are considered vital parts of any integrated coastal

management program (Afifi et al., 2000). Extensive research with the aim of establishing guidelines and

standards for recreational water quality has been conducted all over the world. In this context, social, cultural,

environmental and economic factors should be taken into consideration because of the great variation from one

area to another (Esposto et al., 2007).

Coliforms are used as indicator of faecal pollution. Moreover, several strains of E.coli are implicated in

human illness. Enterotoxigenic E.coli (ETEC) is the most frequently isolated enteropathogen in the developing

world of children 5 years old or younger; it is also the major cause of travelers' diarrhea (Qadri et al.,2005).

In developing countries Vibrio is one of diseases agents associated with the consumption of sewage-

contaminated shellfish, furthermore, these pathogenic bacteria were considered a potential hazard to humans,

aquatic organism and marine animals due the possibility on causing severe diseases as cholera and others

gastrointestinal diseases to human and vibriosis to fishes (Esposto et al., 2007; Pereira et al., 2007).

Aeromonas infections are responsible for heavy losses in fish farms. The motile Aeromonas group,

especially Aeromonas hydrophila, is considered an important pathogen causing primary infection in wounds

or the secondary problem following stress from temperature change, handling, or anaerobic bacterium (Palumbo

et al., 1989). This bacterium is responsible for hemorrphagic septicemia, a disease affecting a wide variety of

freshwater and marine fish as well as causing a food born disease in humans (Popoff, 1984).

According to some studies, Staphylococcus spp. predominates over other flora in the sand(Dowidart and

Abdel-Monem, 1990). The origin of Staphylococcus in beach sand in Chile is attributed to human activity. Its

occurrence  has  been  found  to  correlate  with the number of  swimmers  on the beach, and the counts of

S. aureus were  found  to correlate with the presence of yeasts of human origin in sand samples 
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(Papadakis et al., 1997). S.aureus was recovered from sea food (Wieneke et al., 1993). This organism produces

enterotoxin which leads to vomiting, abdominal pain, diarrhea and subsequent fluid and electrolyte loss.

Enteric Salmonella infection is a global problem both in human and animals, and is regarded to be the

most important bacterial etiology for enteric infections worldwide (Fierer and Swancutt, 2000). The serotype

Salmonella enterica serovar Typhimurium  remains the most frequently isolated in human, swine, avian, and

bovine salmonellosis (Popff and Minor, 1997).

The purpose of this study was the assessment of the state of microbial pollution in North Delta. Moreover,

studying biodiversity and microbial reactions against chemotheraputic treatments.

MATERIALS AND METHODS

Sampling site:

Water and sediment samples were collected from North Delta region as shown in Fig.1 , during Spring,

2008 with the aid of the National Institute of Oceanography and Fisheries (NIOF) vessel according to a project

sampling process (Integrated management of Nile Delta, Atlas Construction ). 

Fig. 1: The locations of the stations cited during this study

Culture Media:

All culture media which were used for isolation, were of pure grade and purchased from Difco, Detroit,

USA, and prepared according to the manufacturer s instructions.,

Bacterial Isolation and Enumeration:

Water samples were diluted up to 10  in sterile sea water. For sediment samples, one gram of sediment-6

were added to 10 ml sterile sea water, then diluted up to 10 . For estimation of total viable count (TVC), 1-6

ml of each dilution were cultivated on sea water agar using poor plate method and incubated at 28 ºC for 24-

48 h. 

Faecal indicators analysis was performed only in sea water samples by membrane filtration technique

according to (International organization for standardization, 1990; 1984). Quantities of 25 and 50  ml of each

sample were filtered through 0.45mm pore size 47 Mm diameter, grid sterile cellulose membrane (Gelman

Laboratory) using a sterile glass filtration unit (Millipore, Befrid, UK) and a vacuum pump at a pressure of

65k Pa.

For detection of total coliforms, membranes were placed onto the surface of endo -Les agar and incubated

at 37 ºC for 24h. Representative ten colonies were sub cultured onto nutrient agar (37 ºC for 24h) and the

confirmatory tests including gas production (using lactose broth medium), oxidase test and Gram-stain were

done.

For detection and counting the thermotolerant coliforms (E.coli), the membranes were placed onto the

surface of m-FC agar and incubated at 44.5 ºC for 24h. The confirmatory tests for ten sub cultured isolates

including gas production, indole production, oxidase test were performed. For investigation and counting of

Streptococcus faecalis, the membranes were placed onto the surface of m-enterococcus agar and incubated at

37 ºC for 48h, the isolates were sub-cultured on nutrient agar at 37ºC for 24h. For the ten subcultured

colonies, confirmatory tests including esculin hydrolysis, catalase test and Gram stain were done. 
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Mannitol salt agar medium was used for staphylococci detection. Aeromonas medium base (Ryan) (CM833)

with ampicillin selective supplement (SRO136) was used for Aeromonas sp. isolation. Vibrio sp. was detected

using Thiosulphate Citrate Bile Salt (TCBS) agar, while Salmonella sp. was detected on Shigella–Salmonella

(SS) agar. All plates incubated at 37 C for 48h (Abo-Elela et al., 2005). Each set was prepared in triplicates.o

Biochemical and physiological Characterization:

A total of 30 strains, were chosen arbitrarily and representinting all pathogenic groups. Colony morphology

characters were examined on nutrient agar plates after 24 h incubation. Gram reaction and spore formation

were confirmed. The pH range at values (5-9), temperature range (20 50 C), sodium chloride requirement (0-_ o

13%) ,antibiosis against some pathogens (Staphylococcus aureus ATCC 6538, Pseudomonas aeruginosa ATCC

8739, Bacillus subtilis, ,Vibrio fluvialis, Vibrio vulinificus, Streptoccus faecalis and Escherichia coli).were

performed. All isolates were identified using API 20A Kit (Biomereiux Comp.) following the procedures as

described in the instruction manual.

Haemolytic Activity Test:

Haemolytic activity was determined as a clear zone of haemolysis around colonies on human blood agar

plates with 5% (v/v) (Brender and Janda, 1987). 

Antibiotics Susceptibility Test:

Resistance of the different strains were tested against gentamycin,10 ìg; imipenem,10 ìg ;ampicillin, 10

ìg; norfloxacin,10 ìg; ampicillin/sulbactam10/10 ìg; cephalexin, 30 ìg;cefadroxil, 30 ìg; ceftazidine, 30 ìg;

erythromycin,15 ìg; flucloxacillin,5 ìg; ciprocin, 5 ìg by disk diffusion method (Bauer et al., 1966). 

Statistical Analysis:

A total of 52 characters of each strain were coded as negative (0) or positive (1). The simple matching

coefficient (SsM) (Sokal and Michenu, 1958) and the Jaccard coefficient (Sj) (Sneath, 1957) were used and

clustering was achieved by Unweighted Pair Group Average linkage UPGMA (Sneath and Sokal 1973). The

computations were performed by using SYSTAT-PC program V7 (Wilkinson et al., 1992) on an IBM

computer.

RESULTS AND DISCUSSION

Count of Faecal Indicators in Sea Water:

All locations showed variation in faecal indicators count ( E.coli and S.faecalis) of sea water. All locations

were evaluated using the European Community (EU) standards for faecal coliform  and faecal streptococci,

accordingly, only Gamasa and Baltim recorded as polluted sites for E.coli count ( 158 and 113 CFU/100ml

respectively) as shown in Fig.2

Count of Different Pathogens in Sea Water:

The count of all pathogens was relatively low as shown in (Fig.3, Table 1) , Vibrio sp count ranged from

2 CFU/ml with occurance percentage of (0.002%) in Abou-Kashaba to 122 CFU/ml and the occurance

percentage was 0.16 % in Demitta . The maximum count of Aeromonas sp. detected in Rosetta (175 CFU/ml)

followed by Demitta and Baltim (128 and 113 CFU/ml) respectively. Staphylococcus sp. showed the highest

counts in El-Brolus and Abou-Kashaba (334 and 311 CFU/ml) with occurrence percent of 0.12% and 0.03%.

Salmonella sp. achieved the maximum count in Abou-Kashaba (960 CFU/ml) and the occurance percentage

increased up to 1.03% Gamassa harboured the lowest counts of Aeromonas, Staphylococcus and Salmonella

(18,19,19 CFU/ml) respectively representing occurance percentage of 0.09%).

Pathogens Count in Sediments:

As shown in Fig.4 and Table 2, in most samples, the count of the different pathogens in sediments is

relatively higher than that in sea water. Vibrio count ranged from 6 CFU/gm in Brollus to 104 CFU/gm in

Rosetta, i.e 0.01 to 0.17 % occurance percentage. The highest counts of Aeromonas and Staphylococcus were

detected in Rosetta (1260 and 550 CFU/gm), while the highest counts of Salmonella were estimated in Baltim

(1450 CFU/gm). On the other hand, the lowest counts of Aeromonas (77 CFU/gm) were detected in El-Brollus.

Gamasa harbored the lowest counts of Staphylococcus and Salmonella (17 and 48 CFU/gm representing 0.04

and 0.13 % occurance percentages).
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Fig .2: Viable count of the faecal coliforms in sea water of North Delta.

Fig. 3: Viable count of the different pathogens in sea water of North Delta.

Table 1: The occurance percentages (%) of the different pathogens with respect to the total viable count (TVC) in sea water.

Occurrence%

---------------------------------------------------------------------------------------------------------------------
Site TVC* Vibrio sp. Aeromonas sp. Staphylococcus  sp. Salmonella sp.

Demitta 75250 0.16 0.17 0.18 0.14
Gamasa 20333 0.06 0.09 0.09 0.09

Baltim 70000 0.09 0.16 0.22 0.20
El-Brolus 268000 0.005 0.01 0.12 0.04

Abou-Kashaba 92500 0.002 0.11 0.03 1.03
Rosetta 99600 0.03 0.018 0.16 0.12 

*Total Viable Count

Table 2: The occurance percentages (%) of the different pathogens with respect to the total viable count (TVC) in sediments.

   Occurrence %

---------------------------------------------------------------------------------------------------------------------
Site TVC* Vibrio sp. Aeromonas sp. Staphylococcu sp. Salmonella sp.

Demitta 19000 0.53 1.15 2.11 0.74
Gamasa 36000 0.11 0.23 0.04 0.13

Baltim 67000 0.03 0.21 0.06 2.16
El-Brolus 42000 0.01 0.18 0.25 0.048

Abou-Kashaba 21000 0.095 5.57 0.40 4.81
Rosetta 63000 0.17 2.0 0.87 0.28

* Total Viable Count

Clustering of the Strains and Identification: 

Representative colonies of each pathogenic group were clustered separately depending on the isolation of

the selective media. i.e, Six strains from the vibrio group, Seven strains from Aeromonas group, three strains

from Salmonella group and eight strains from Staphylococcus group. The similarity level between all isolates

was 85% (Data not shown).

Vibrio group: This group represented six isolates; all of them grew well at temperature range from 20 to

50 ºC and pH ranged from 5-7. One strain grew at pH8 and one strain grew at pH9. All isolates grew at 4%

salinity, no growth at 11 % and five strains grew at 7 and 9%. Only one strain showed haemolytic activity.

They identified as V.damsela (3 strains), V.vulinificus (1 strain), V.fluvialis (1 strains) and V.haemolyticus
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(1strain ) ,. All isolates were clustered at   88.,54 % similarity level as shown in (Fig.5a) . V.damsela strains

were clustered at similarity level (98%). 

Aeromonas group: This group included seven isolates, they grew at temperature range from 30 to 40 ºC,

five of them grew at 20 ºC and two grew at 50 ºC. All of them grew at pH range from 5-9. All grew at 4%

salinity, five of them grew at 7and 9 % but non of them grew at 11%. Two isolates showed haemolytic

activity .They identified as Aeromonas hydrophila (3 isolates) and Aeromonas sorbia (3 strains) and one strain

as Aeromonas sp.. They are clustered at 89% similarity level as shown in (Fig.5b). A. hydrophila isolates

clustered at 94% similarity level.

Salmonella group: This group represented by three isolates, grew at temperature ranged from 20C to 40

ºC, none of them grew at 50 ºC. All grew well at pH ranged from 5-9. Optimum salinity for growth was 4%,

one isolate could grow at 7% and no one can grow at 9%. All isolates represented haemolytic activities. They

identified as Salmonella pullorum , Salmonella typhi and Salmonella choleraesuis. These species were grouped

at 95.19% similarity level as shown in (Fig.5c). S .typhi and S. choleraesuis clustered at similarity level (97%).

Staphylococcus group: This group represented by eight isolates, all grew at 30 ºC, five grew at 20 ºC, six

at 40 ºC and four at 50 ºC. All grew at pH 7, two of them grew at pH 5, five grew at pH 6 and four at pH

8 and 9. All grew at 4% salinity, two of them grew at 2%, while only one at 9 and 11%. Five strains showed

haemolytic activity. They identified as Staphylococcus aureus (5 strains), Staphylococcus epidermidis (2 strains)

and 1 strain as (Staphylococcus sp.). All the group clustered at 84.84% similarity level. Staphylococcus aureus

strains clustered at similarity level 87.5% as shown in (Fig.5d). Five strains isolated from the sea water agar

medium, four had haemolytic activity and identified as P. aeruginosa (2 strains), E. tarda (1strain) and A.

baumannii (1strain ) and two strains were  unidentified.

Fig .4: Viable count of the different pathogens in sediments of North Delta.

Haemolytic Strains:

Haemolysis of human blood was detected in 15 strains represinting 50% of the isolated strains. They were

V. haemolyticus, A. hydrophila (2 strains), S.pullorum, S.typhi, S. choleraesuis, S.aureus (3 strains),

S.epidermidis (2 strains ),  P.aeruginosa (2 strains), E.tarda and A. baumannii. Fig.6 represent the haemolytic

activity of some strains.

Effect of Different Antibiotics Against Haemolytic Strains:

As shown in Table 3 and Fig. 7 it was noticed that, ampicillin, 10 had no effect except for Staphylococcus

strains, while flucloxacillin,5 had no effect on all pathogens. Vibrio haemolyticus was highly inhibited by

ceftazidine, 30 ìg (14 mm) and ampicillin/sulbactam10/10 ìg (13 mm) but resisted 6 antibiotics. Aeromonas

hydrophila (2 strains) were well inhibited by erythromycin,15 ìg and imipenem,10 ìg. The most reliable

antibiotics against the different strains of Salmonella were imipenem, 10ìg and ceftazidine, 30ìg, antibiotics.

Staphylococcus strains were highly inhibited by imipenem, 10 ìg, Ceftazidine, 30 ìg and erythromycin,15 ìg.

E. tarda, P.aeruginosa (2 strains) and A. baumannii  were highly susceptible to imipenem,10ìg,

erythromycin,15 ìg and ciprocin, 5 ìg. It was noticed that, the highest effects were related to gentamycin, 10

ìg, imipenem, 10 ìg, ceftazidine,30 ìg; and ciprocin, 5 ìg.  While the highest resistance was against

ampicillin, 10 ìg and flucloxacillin,5 ìg. Multiple Antibiotic Resistance (MAR) was sharply shown between

isolates, V. haemolyticus and S. choleraesuis resisted 6 antibiotics .A.hydrophilla (2) and  S.aureus (2) resisted

4 antibiotics. P.aeruginosa strains (1&2) resisted 5 and 4 antibiotics respectively, while the reminder strains

showed lower levels of resistance.
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      (a)

      (b)

      (c)

       (d)

Fig. 5: Simplified dendograms showing the similarity levels among the different pathogenic  groups, based

on the SsM-UPGMA analysis. Vibrio group (a) , Aeromonas group (b) , Salmonella group (c) and

Staphylococcus group (d) .
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   (A)       (B)

Fig. 6: The blood haemolysis by Salmonella pullorum (14) and Salmonella typhi (15) (A) and Aeromonas

hydrophila (2 strains) (B).

(a) (b)

(c)

Fig.7: Inhibition zones of some antibiotics against Aeromonas hydrophila (a), Salmonella typhi (b) and

Staphylococcus aureus (c).

Table 3: inhibition zone(mm) of different antibiotics on haemolytic strains

Pathogen Antibiotic 

------------------------------------------------------------------------------------------------------------------------------------------------

GEN IMP AMP NOR AMS CEP CEF CEZ ERY FLC CIP

V.haemolyticus 10 0 0 12 13 0 0 14 0 0 11

A.hydrophila.2 11 25 0 12 0 10 0 17 19 0 10

A.hydrophila.1 13 19 0 9 14 10 0 16 20 0 9

S.pullorum 13 21 0 9 15 12 14 17 16 0 9

S.typhi 13 18 0 9 17 10 0 16 15 0 9

S.choleraesuis 14 29 0 15 0 0 0 22 0 0 21

S.aureus 1 10 32 9 22 10 0 14 16 20 0 30

S.aureus 2 13 17 0 14 0 9 0 15 17 0 13

S.aureus 3 10 20 8 17 16 0 2 26 26 0 22

S. epidermidis 1 14 23 0 9 12 8 8 19 15 0 9

S.epidermidis 2 11 30 9 26 12 0 20 22 23 0 33

E. tarda 24 13 20 0 9 14 8 9 16 16 0 9

P. aeruginosa  1 8 28 0 23 0 0 0 15 27 0 24

P. aeruginosa 2 11 28 0 22 8 0 0 15 23 0 26

A.  baumannii 14 22 0 10 0 8 11 13 17 0 8

GEN=gentamycin,10 ìg; IMP= imipenem, 10 ìg; AMP=ampicillin, 10 ìg; NOR=norfloxacin, 10 ìg; AMS=ampicillin/sulbactam10 ìg

/10 ìg; CEP= cephalexin, 30 ìg; CEF=cefadroxil, 30 ìg; CEZ=ceftazidine,30 ìg; ERY=erythromycin, 15 ìg; FLC=flucloxacillin, 5 ìg;

CIP= ciprocin, 5 ìg.

Discussion:

As a result of recreational activities, many individuals may contract diseases that range from self-limiting

gastrointestinal disturbances to severe and life-threatening infections. The disease incidence is dependent on

several factors: the extent of water pollution, time and type of exposure, the immune status of users and other

factors (WHO, 1998; Bartram and Rees, 2000). The obtained data in this study appoint the importance of
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microbiological monitoring and reinforce the need to implement environment protection programs especially

related to pathogenic species. Variation in the numbers of bacteria in sea water and sediment from the studied

locations in the North Delta may be a result of varying sources of pollution. The results showed that, the faecal

pollution was detected only in two sites (Gamasa and Baltium water). The numbers of pathogenic microbes

in water samples were greatly higher than the numbers of faecal indicators, in contrast to our results, Signorile

et al (1992), found that faecal index organisms are non-pathogenic microorganisms used to indicate the degree

of faecal contamination. They are generally present in far greater numbers than pathogenic microorganisms and

are easy to isolate, identify and enumerate. Rozen and Belkin (2001), reported that,  it is generally accepted

that one of the earlier phenomena observed in enteric bacteria exposed to seawater is the loss of the ability

to form colonies on solid media, there is a controversy in regard to the physiological state of the non-culturable

cells. Such an observation has a major significance in view of the worldwide practice of releasing non-

disinfected waste waters into the sea and its potential public health consequences.

Gabutti et al (2004) reported that, it would be advisable to always perform the detection of Salmonella

sp. beside the traditional indicators of faecal pollution, total coliforms, faecal coliforms and faecal streptococci.

They also suggest, in accordance with others authors, including the detection of S. aureus as a supplementary

indicator for the prediction of coastal seawater quality and associated health risks.

It was shown that, the sediment samples harboured higher counts of pathogens than water samples in most

sites. This agreed with Martinez-Mananares et al., (1992), who reported  that all studied microorganisms were

found to be higher in sediments than the overlying water.

It has been shown that, in spite of, Gamasa water harboured the lowest counts of Salmonella sp.,

Staphylococcus sp. and Aeromonas sp. (19 CFU/ml), It harboured high count of E.coli (158 CFU/ml). Also,

Abou-Kashaba harboured high counts of Salmonella sp. and S.aureus (960 and 311 CFU/ml respectively), but

the counts of E.coli and S.faecalis were very low (10 and 7 CFU/ml). i.e. a reversible correlation between the

counts of pathogenic microbes and faecal indicators may be found  in some sampling sites. On the other hand,

Abdallah et al (2005), reported that significant correlations were found between faecal coliform and

streptococci on one side of the Gaza beach and Salmonella and Vibrio on the other side. Similar correlation

was also detected between Pseudomonas levels and the isolation of Salmonella from sand samples.

The highest occurance percentage was that recorded for Salmonella sp. ( 1.03 % in water sample and 4%

in sediment of Abou-kashaba), these records were very low comparing with Abdallah et al. (2005) who found

that, the highest incidence of Salmonella isolation (15.4%) was obtained from sand samples, and in comparison,

seawater samples had only 3.8%.

In this study, in spite of the numbers of pathogens were not hurrible but the detected species were highly

pathogenic. The pathogenic species of Vibrio are usually found in low incidence when compared with the more

abundant saprophytes bacteria (Esposto et al., 2007; Pereira et al., 2007), this agreed with our results (2

CFU/ml in Abou-Kashaba to 122 CFU/ml in Demitta water and ranged from 6 to 104 CFU/gm in sediments.

Colwell and Huq (1994) discussed that, the organism survives well in the environment, and viable but non-

culturable organisms have been described. The occurrence of gastrointestinal illness is linked to virulence

factors, including adhesiveness and invasiveness, and lesional factors such as exoenzymes and enterotoxins,

including those with potent haemolytic activity. Several species of Vibrio produces haemolysins, proteases and

citotoxins which increase their pathogenic potential. The invasion ability and the resultant tissue damage

suggest the role of toxins, enzymatic compounds, or the action of substances with citolytic and proteolytic

activities (Evangelista et al., 2006; Hofer et al., 2006; Esposto et al., 2007; Pereira et al., 2007). Our studies

indicated the presence of haemolytic activity of V.haemolyticus. El-sersy and Abou-Elela (2004) and El-sersy

et al. (2006) isolated V. fluvialis and V.damsela  from  our marine environment .

Aeromonas spp. is natural inhabitants of aquatic environments (Jennifer et al., 2006) and is ubiquitous in

surface fresh and marine waters. Aeromonas has been found to have a role in a number of human illnesses

including gastroenteritis, septicemia and life threatening disease (Lehane and Rawlin, 2000). Orozova1 et al.

(2008) suggested  that Aeromonas species are potential enteric pathogens in his geographical region. The

occurrence of Aeromonas sp. in the environment represents a potential risk for humans and farmed fish health.

Haemolysin production is one of the properties associated with gastrointestinal infections caused by

aeromonads. Results of our study showed that Aeromonas hydrophila (2 strains) had haemolytic activity and

that was in accordance with Asmat. and Gires (2002).

Higher counts of S. aureus were recovered from sand than from water samples (Papdakis et al., 1997).

Our studies showed that only two sites (Domietta and Rosetta) harbored higher counts of Staphylococci in

sediments (400 and 550 CFU/gm) than that recorded in water (135 and 156 CFU/ml).Oranusi et al. (2006)
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isolated 42 strain of Staphylococcus aureus. Thirty of the isolates (68.2%) were á-haemolytic while 12 (27.3%)

were â-haemolytic. Michelim et al. (2005) detected the haemolytic activity in some S.epidermidis strains, alpha-

haemolysin having been associated with neurotoxic activity and gamma-haemolysin with a severe inflamatory

response (Dinges et al., 2000; Vuong and Otto, 2002). Our results showed the detection of haemolytic activity

in the isolated staphylococci.

Salmonella sp. is definitely pathogens that is of worldwide importance and transmitted mainly through food

and water.The primary habitat of the Salmonella sp. is the intestinal tract of animals and humans. Over the

past three decades, practically all countries in Europe have reported a sharp rise in salmonellosis incidence

(including foodborne outbreaks). The same pattern was observed in a number of countries in the Eastern

Mediterranean Region and south-east Asia Region (WHO, 1997). A number of studies from throughout the

world have investigated the incidence and survival of Salmonella in rivers, lakes, coastal water and beach

sediments (Polo et al., 1998). In these environments some, but not all, strains of Salmonella are pathogenic.

Carraminana et al. (1997) reported that  Salmonella sp. have long been regarded as nonhemolytic

microorganisms, recent studies indicate that some strains of Salmonella gallinarum  are able to lyse red blood

cells. They found á-hemolytic activity in three strains of Salmonella gallinarum  used throughout their work.

Salmonella infection can be severe with diarrhea, septicemia, and bowel bleeding as seen with S.typhi and S.

paratyphi infection (Bean et al., 1997). Our study showed the presence of haemolytic activity in all isolated

Salmonella species.

Bogomolni et al. (2008) reported that the majority of bacteria isolated in his study were recognized as

human pathogens or potential human pathogens. All pathogens found in common between marine mammals,

sea birds and sharks are recognized by the Biological Safety Association (ABSA) as human pathogens:

Acinetobacter calcoaceticus-baumannii, Citrobacter braaki, C. freundii, Enterobacter cloacae, Leclercia

adecarboxylata, Morganella morganii, Pseudomonas aeruginosa, Pseudomonas sp., Shewanella sp. and

Stenotrophomonas maltophilia. Other isolates recovered that are known to cause infection in humans from

handling fish include Aeromonas hydrophila, Edwardsiella tarda,Vibrio cholera, and V. parahaemolyticus

(Harper, 2002) and many of these isolates (Pseudomonas spp., Aeromonas hydrophila and  Edwardsiella tarda

had been isolated also in our study.

The coastal lakes of Egypt in North Delta region are equally important. They represent 25% of total

wetlands of the Mediterranian (Saad, 2003). These lakes were contributing to not less than 65% of the total

wild fish catch produced in Egypt. Fish farms are widely distributed in these coastal lakes. It should be kept

in mind that microbial pathogens which detected in this study, might be a potential risk for public health acting

as causative agents of farming fish diseases. In view of increasing evidence supporting the role of microbial

pathogens in farming fish diseases, we studied the haemolytic activity and antibiotic-resistance of some strains

of North Delta region. Orozova et al., 2008. reported that antibiotics are generally administered to animals and

human prophylactically and therapeutically against microbial diseases, and subtherapeutically as growth

promoters (Vaseeharan et al., 2005). Potential consequences of antibiotic use in culture and animal feeds are

development of drug resistant bacteria, transfer of resistant characteristics to bacteria, and reduced efficacy of

antibiotic treatment for human and animal diseases (Rhodes et al., 2000). Many fish farms release effluent

water from ponds without treatment. Various amounts of antibiotic residues may still be present in the effluent

following antibiotic therapy (Smith et al., 1994). In appropriate use of antibiotics is likely to cause an

unnecessary impact on the environment.  The long-term environmental impacts of using antibiotics in

aquaculture are still uncertain. In some cases, short-term decreases in the size of gastrointestinal bacterial

populations of fish during treatment with erythomycin have been noted (Moffit et al., 2006). 

Buck et al. (2006) studied the antibiotic resistant bacteria in marine animals, in addition, Steele et al.,

(2005) found that  with over 50% of isolates were resistant to ampicillin. Isolates included: Photobacterium

(Vibrio) damsela resistant to augmentin, ampicillin, carbenicillin, cephalothin, and ticarcillin. Pseudomonas sp.

resistant to augmentin, ampicillin, carbenicillin, ceftazime, cephalothin, and chloramphenicol; and Acinetobacter

calcoaceticus-baumannii resistant to ampicillin, ceftazime, cephalothin, and chloramphenicol. Similar results

were obtained, V. haemolyticus resisted imipenem 10, ìg, ampicillin10, ìg, cephalexin,30 ìg ,ceftazidine,30

ìg erythromycin,15 ìg and flucloxacillin, 5, ìg while S.choleraesuis resisted ampicillin, 10 ìg,

ampicillin/sulbactam, 10/10 ìg cephalexin,30 ìg cefadroxil,30 ìg, erythromycin, 15 ìg and flucloxacillin,5 ìg.

Most strains resisted ampicillin, 10 ìg and flucloxacillin,5 ìg. It is also interesting that high ambient pressure

may enhance antibiotic resistance development (Hind and Attwell, 1996). The presence of multiple antibiotic

resistances in isolates that are not recognized as pathogens is also extremely important, as this indicates that

commensal or environmental bacteria can serve as reservoirs for resistance genes. While it is generally agreed
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that the widespread use of antibiotics has resulted in significant increases in antibiotic resistance, Sørum et al.,

(2006) has shown that even after the removal of the selective pressure of individual or groups of antibiotics,

resistance levels have been slow to decline. This suggests that the maintenance of resistance genes is not

necessarily detrimental to cells, and that there may be other factors associated with the maintenance of these

genes (e.g.heavy metals) (Baker et al., 2006). Commensal and environmental bacteria are not only able to

acquire and maintain resistance genes, but that they are able to multiply and spread them to others, including

back to pathogenic species either in the environment or in the host. It is likely that they could serve as vectors

in the spread of antibiotic resistance in the marine environment. We can say that, antibiotics will likely always

be needed in the operation of fish-rearing facilities. However, these compounds must be used with care in order

to minimize risks to humans and the environment.

ACKNOWLEDGMENT

The authors are greatly indebted to Prof. Dr. Ebtesam El-Sayed, the principle investigator of the project

for her support and tremendous help. Authors, also thanks NIOF vessels stuff for their efforts in collecting

samples.

REFERENCES

Abdallah, S.A., A.A. Elmanama, M.I. Fahd and  S. Afifi, 2005. Microbiological Beach Sand Quality in

the Gaza Strip in Comparison to Seawater. Polish Journal of Environmental Studies, 14(6): 841-850.

Abo-Elela, G.M., N.A. El-Sersy, M. El-Shenawy and E. Abdel-Mawla, 2005. Microbial Assessment of El-

Max Fish Farm. Egy.J. Aqua. Res., 31: 171-184.

Afifi, S., A. Elmanama, M. Shubair, 2000. Microbiological assessment of beach quality in Gaza Strip.

Egypt. J.Med. Lab. Sci,. 9: (1).

Asmat, A. and U. Gires, 2002. The occurrence of aerolysin-positive Aeromonas hydrophila strains in sea

water and associated with marine copepods). Proceedings of the Regional Symposium on Environment and

Natural Resources .Hotel Renaissance Kuala Lumpur, Malaysia, 1: 495-502.

Bauer, A.W., W.M.M. Kirby, J.C. Sherris and M. Turck, 1966. Antibiotic susceptibility testing by a

standard single disk method. Am. J.Clin. Pathol., 36: 493-496.

Bartram, J., G. Rees, 2000. Monitoring bathing waters: a practical guide to  the design and implementation

of assessments and monitoring programmes. London, E & FN Spon. Published on behalf of the W orld Health

Organization, Commission of the European Communities and US Environmental Protection Agency

Baker, D.A., R.O. Smitherman, T.A. McCaskey, 1983. Longevity of Salmonella typhimurium  in Tilapia

aurea and water from pools fertilized with swine waste. Appl. Environm. Microbiol., 45: 1548-1558.

Baker-Austin, C., M. Wright, R. Stephanauskas, J.V McArthur, 2006. Co-selection of antibiotic and metal

resistance.Trends Microbiol., 14(4):176-182.

Bean, N.H., J.S. Goulding, M.T. Daniels and F.J. Angulo, 1997. Surveillance for food borne disease

outbreaks-United States, 1988-1992: Review, J. Food Prot., 60: 1265-1286.

Bogomolni, A.L., R.J. Gast, J.C. Ellis, M. Dennett1, K.R. Pugliares, B.J. Lentell, M.J. Moore, 2008.

Victims or vectors: a survey of marine vertebrate zoonoses from coastal waters of the Northwest

Atlantic.Diseases of aquatic organisms, 18: 13-38.

Brender, R. and J.M. Janda, 1987. Detection, quantification and stability of â-haemolysin of Aeromonas

spp. J. Med. Microbiol., 24: 247-251.

Buck, J.D., R.S. Wells, H.L. hinehart, L.J. Hansen, 2006. Aerobic microorganisms associated with free-

ranging bottlenose dolphins in coastal Gulf of Mexico and Atlantic Ocean waters. J. Wildl Dis., 42 :536-544.

Carraminana, J.J., J. Yanguela, D. Blanco, C. Rota, A.I. Agustin and A. Herreraa, 1997. Potential virulence

determinants of Salmonella serovars from poultry and human sources in Spain. Vet. Microbiol., 54: 375-383.

Colwell, R. and A. Huq, 1994. Vibrios in the environment: viable but non culturableVibrio cholerae. In

Vibrio cholerae and Cholera: Molecular to Global Perspectives (ed. I.K. Wachsmuth, P.A. Blake and Ø.

Olsvik), pp: 117-133, ASM Press,Washington, DC.

Dinges, M.M., P.M.Orwin and P.M. Schlievert, 2000. Exotoxins of Staphylococcus aureus. Clin. Microbiol.

Rev., 13: 16-34.

Dowidart, A. and M.H. Abdel-Monem, 1990. Effect of chemical pollutants on bacterial counts in El-

Temsah Lake area, Ismailia, Egypt. J. Egy. Pub. Health  Ass., 65(3–4): 305–328.



Aust. J. Basic & Appl. Sci., 3(4): 3374-3385, 2009

3384

El-Sersy, N.A. and G.M. Abou-Elela, 2004. Antagonestic effect of marine Nocardia brasiliansis against

the fish pathogen Vibrio damsela : Application of Plackett-Burman experimental design to evaluate factors

affecting the production of the antibacterial agent. Int.J.Oceans and Oceanography, 1(1): 141-150.

EL-Sersy, N.A., Abdel-Razek, F.A. and S.M. Taha, 2006. Evaluation of various probiotic bacteria for the

survival of Penaeus japonicus larvae. Fresenius  Environ. Bull., 15: 1506-1511.

Esposto, E.M., W.C.P. Silva, C.M.F. Reis, E.M.F. Reis, R.V. Ribeiro, D.P. Rodrigues, N.S. Lázaro, 2007.

Enteropatógenos bacterianos em peixes criados em uma estação de reciclagem de nutrientes e no ecossistema

relacionado. Pesq. Vet. Bras., 27: 144-148.

Evangelista, N.S.B., R.H.S.F. Vieira, F.C.T. Carvalho, R.C.O. Torres, E.S. Sant’anna, D.P. Rodrigues,

C.M.F. Reis,  2006. Aeromonas spp. isolated from oysters (Crassostrea rhizophorae) from a natural oyster bed,

Cera, Brazil. Rev. Inst. Med. Trop. Sao Paolo, v. 48: 129-133.

Fierer, J. and  M. Swancutt, 2000. Non-typhoid Salmonella: a review, Curr. Clin. Top. Infect. Dis., 20:

134-157.

Gabutti, G., De A. Donno, R. Erroi, D. Liaci, F. Bagordo and M.T. Montagna, 2004. Relationship between

Indicators of Faecal Pollution and Presence of Pathogenic Microorganisms in Coastal Seawaters. Journal of

Coastal Research, 20(3): 846-852.

Harper, C., 2002. Zoonotic diseases acquired from fish.Aquacult Mag, 28: 55-58.

Hind. J. and R.W. Attwell, 1996 The effect of antibiotics on bacteria under hyperbaric conditions. J

Antimicrob. Chemother., 37: 253-263.

Hofer, E., C.M.F. Reis, G.N.D. Theophilo, V.O. Cavalcanti, N.V. Lima and M.F.C.M. Henriques, 2006.

Envolvimento de Aeromonas em surto de doença diarréica aguda em São Bento do Una, Pernambuco. Rev.

Soc. Bras. Med. Trop., 39:217-219.

International Organization for Standardization (ISO 9308/1), (1990).Water quality detection and

enumeration of coliform organisms and presumptive E.coli, Part 1: Membrane filteration method, 10 pages,

Geneva, Switzerland.

International Organization for Standardization (ISO 7899/2), (1984).Water quality detection and

enumeration of faecal streptococci, Part 2: Method by membrane filteration, 4 pages, Geneva, Switzerland.

Jennifer, R.H., J.C. Zak and R.M. Peter, 2006. Antimicrobial susceptabilities of Aeromonas sp. isolated

from environmental sources. Appl. Env. Microbiol., 72: 7036-7042.

Lehane, L. and G.T. Rawlin, 2000. Topically acquired bacterial zoonoses from fish: a review, Med. J.

Aust., 173: 256-259.

Martinez-Mananares, E., M. Morinigo, D. Castro, M. Balebon, J. Sanchez and J. Borrego, 1992. Influence

of the fecal pollution of marine sediments on the microbial contents of shellfish. Mar. Pollut. Bull., 24(7): 342.

Michelim, L., M. Lahude, P.R. Araújo, D.S.H. Giovanaz, G. Müller, P.L. Ana A.P.L. Delamare, S.O. Pinto

da Costa S. Echeverrigaray, 2005. Pathogenic factors and antimicrobial resistance of Staphylococcus

epidermidis associated with nosocomial infections occurring in intensive care units. Braz. J. Microbiol., 36.

Moffit, C.M. and S.M.A. Mobin, 2006. Profile of microflora of the posterior intestine of Chinook salmon

before, during, and after administration of rations with and without erythromycin. North Amer. J. Aquacul.,

68: 176-185.

Orozova, P., V. Chikova, V. Kolarova, R. Nenova, M. Konovska and H. Najdenski1, 2008. Antibiotic

resistance of potentially pathogenic Aeromonas strains. Trakia J. Sc., 6(1): 71-77.

Oranusi, S., M. Galadima and V.J. Umoh, 2006. Toxicity test and bacteriophage typing of Staphylococcus

aureus isolates from food contact surfaces and foods prepared by families in Zaria, Nigeria. Afr. J. Biotechnol.,

5(4): 362-365.

Palumbo, S.A., M.M. Bencivengo, F.D. Corral, A.C. Williams and R.L. Buchanan, 1989. Characterization

of the Aeromonas hydrophila  group  isolated  from  retail foods of animal origin. J. Clin. Microbiol., 27:

854-859.

Papadakis, J.A., A. Mavridou, S.C. Richardson, M. Lambiri and U. Marcelou, 1997. Bather related

microbial and yeast populations in sand and seawater. Water Research, 31(4): 799-804.

Pereira, C.S., S.D. Amorim, A.F.M. Santos, S. Siciliano, I.M.B. Moreno, P.H. Ott, D.P. Rodrigues, 2007.

Vibrio spp. isolados de mamíferos marinhos capturados na região litorânea do Sudeste ao Sul do Brasil.

Pesq.Vet. Bras., 27: 81-83.

Popoff, M., 1984. Aeromonas in Bergey's manual. Vol. 1. 1st ed. Williams and Wilkins, MD, U.S.A.



Aust. J. Basic & Appl. Sci., 3(4): 3374-3385, 2009

3385

Popoff, M.Y. and L.L. Minor, 1997. Antigenic formulae of the Salmonella serovars. WHO Collaborating

Center for Reference and Research, Institue Pasteur, Paris, France.

Polo, F., M.J. Figueras, I. Inza, J. Sala, J.M. Fleisher and J. Guarro, 1998. Relationship between presence

of Salmonella and indicators of faecal pollution in aquatic habitats.FEMS Microbiol. Lett., 160 (2): 253 - 256.

Qadri, F., A.M. Svennerholm and A.S. Frauque, 2005. Enterotoxigenic E.coli in developing countries:

Epidemiology, microbiology, clinical features, treatment, and prevention, Clin Microbiol Rev., 3: 465-483.

Rhodes, G., G. Huys, J. Swings, P. Mcgann, M. Hiney, P. Smith and R.W. Pickup, 2000. Distribution of

Oxytetracycline Resistance Plasmids between Aeromonads in Hospital and Aquaculture Environments:

Implication of Tn1721 in Dissemination of the Tetracycline Resistance Determinant Tet A. Appl. Environ.

Microbiol., 66(9): 3883-3890.

Rozen, Y. and S. Belkin, 2001. Survival of enteric bacteria in seawater. FEMS Microbiol. Rev., 25(5):

513-529.

Saad, M.A., 2003. Impact of diffuse pollution on the socio-economic development apportunities in the

coastal Nile Delta lakes, Diffuse Pollut. Conf. Dublin.

Signorile, G., M.T. Montagna, G. Sena, R.A. Cavallo, 1992. Bacteriological surveys in waters and sands

of Taranto coastal areas. L’Igiene Moderna., 98(3): 475-483.

Sneath, P.H.A., 1957. The application of computers to taxonomy. J. Gen. Microbiol., 17: 201-226.

Sneath, P.H.A. and R.R. Sokal, 1973. Numerical Taxonomy. The principles and Practice of  Numerical

Taxonomy Classification. San Francisco: W.H.Freeman.

Smith, P., J. Donlon, R. Coyne and D. Cazabon, 1994. Fate of oxytetracycline in a freshwater fish farm:

influence of effluent treatment systems. Aquaculture, 120: 319-325.

Sokal, R.R. and C.D. Michenu, 1958. A statistical method for evaluating systematic relationships.

University of Kansas Sci., Bull., 38: 1409-1438.

Sørum, M., P. Johnsen, B. Aasnes, T. Rosvoll, H. Kruse, A. Sundsfjord, G. Simonsen, 2006. Prevalence,

persistence, and molecular characterization of glycopeptide-resistant Enterococci in Norwegian poultry and

poultry farmers 3–8 years after the ban on avoparcin. Appl Environ Microbiol., 72:516–521.

Steele, C.M., R.N. Brown, G. Botzler, 2005. Prevalences of zoonotic bacteria among sea birds in

rehabilitation centers along the pacific coast of California and Washington, USA. J Wildl Dis., 41: 735744.

Vaseeharan, B., P. Ramasamy, T.J.C. Murugan, J.C. Chen, 2005. In vitro susceptibility of antibiotics

against Vibrio spp. and Aeromonas spp. isolated from Penaeus monodon hatcheries and ponds. Int. J.

Antimicrobial Agents, 26: 285-291.

Vuong, C. and M. Otto, 2002. Staphylococcus epidermidis infections. Microb. Infect., 4: 481-489.

WHO., 1997. Multi drug resistant Salmonella typhimurium . Fact sheet No. 139. Available online:

http://www.int/inf-fs/en/fact139.html

Wieneke, A.A., D. Roberts and R.G. Gilbert, 1993. Staphylococcal food poisning in the United

Kingdom,1969, Epidemiol. Infect., 110: 519-531.

Wilkinson, L., M.A. Hill, S. Miceli, G. Birkenbeuel and E. Vang, 1992. Systat for Windows, version 5

Eddition. Evanston, 1l; Systay, Inc., Illinois.

WHO, 1998. Draft Guidelines for Safe Recreational Water Environment:Coastal and fresh water. World

Health Organization, Geneva


