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Abstract: Three hundred and thirty seawater samples were collected from the Western Harbor of Alexandria,
Egypt to study how near/far the relation between the estimation of Escherichia coli as a WHO fecal indicator
and the precise presence/absence of other pathogens (Salmonella sp. Staphylococcus sp. and Aeromonas sp.)
using the membrane filtration (MF) technique. It was found the presence/absence records of E. coli failed to
express the presence/absence of Salmonella sp. Staphylococcus sp. and Aeromonas sp. with a percentages
of 47.3%, 54.5% and 83.6%, respectively. These results were confirmed by detecting the impact of some
hydrographic parameters (pH, Temp. NO , NO , NH , SiO  PO , Dissolved oxygen and Oxidizable organic matter)2 3 4 3 4

on the estimated E. coli and the other tested pathogens. The results indicated E. coli showed its own impact
trend which is different from the obtained impact trends of the other pathogens. On the other hand, the
recorded E. coli using the RT-PCR technique showed 2.5 fold more accurate detection % compared to the MF
technique and it also showed a precise detection for the presence/absence of Salmonella sp. in the examined
samples. Thus, it could be mentioned the monitoring of E. coli is no longer reliable for bacterial contamination
detection in the marine environment samples especially on using MF-technique. 
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INTRODUCTION discharged into the harbor, mainly through El-Umoum

The Western Harbor of Alexandria (WHA) is the [1, 2]. 
largest and oldest harbor on the Egyptian Mediterranean The aquatic environment represents the habitat of
coast, serving about three quarters of Egypt’s diverse microorganisms; some of them have pathogenic
international trade. It is a shallow, elliptically shaped, characteristics. These bacteria were considered as
semi-enclosed basin with an area of 7.4 km  and depth etiological agents of infectious diseases to human and2

range of 5.5-16 m. The harbor receives imported and marine mammals [3]. Seawater and beach quality
exported materials such as coal, manufactured iron, monitoring and assessment are considered vital parts of
cement, fertilizers, grains, food, textiles, chemicals, timber, any integrated coastal management program [4]. Extensive
as well as crude and re?ned oil. There is also an old dry research with the aim of establishing guidelines and
dock and workshop for ship building and repairs. Located standards for recreational water quality has been
on the southern and eastern sides of the harbor, the conducted all over the world [5, 6]. 
quays for the various maritime activities divide these Escherichia coli is a fecal coliform bacteria that is
sides into several small semi-enclosed or open basins. specific to fecal material   from   humans   and   other
Waste waters of varying quantity and quality are warm-blooded    animals.   The  Environment  Protection

Drain (76.4 m s ) and the Noubaria Canal Drain (1 m s )3 1 3 1
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Agency (EPA) recommends E. coli as the best indicator
of health risk from water contact in recreational waters.
However, some states have changed their water quality
standards and are monitoring accordingly. 

Aeromonas species is becoming dangerous in recent
years in fish pathology. This is because of increased
incidence of diseases in man and animals by these agents,
as they can often act as opportunistic agents. Aeromonas
sp. can also play a role as primary pathogens, being
responsible for enteric or, less often, extra-enteric
infections. These pathogens are causes gastroenteritis,
septicemia and traveler’s diarrhea in humans and
hemorrhagic septicemia in fish [7]. 

Salmonellosis continues to be a major public health Fig. 1: The Western harbor of Alexandria (WHA) shows
problem worldwide [8]. Enteric Salmonella infection is a the collection stations used in this study.
global problem both in human and animals and is
regarded to be the most important bacterial etiology for Three sediment samples were also collected from
enteric infections worldwide [9]. stations 4, 7 and 10 during autumn 2012 and winter 2013.

Staphylococcus species is abundant bacterium Each sediment sample was divided into two portions; the
occurring as commensally flora of humans and various first was under go microbiological examinations for E. coli
animal species. It is considered a major public health and Salmonella sp. using selective media and MF
concern [10]. S. aureus was recovered from sea food. This technique according to standard procedures [11, 12]. The
organism produces enterotoxin which leads to vomiting, second portion was under go DNA extraction and for
abdominal pain, diarrhea and subsequent fluid and molecular detection using a Real Time PCR. 
electrolyte loss. According to some other studies, Determination of Hydrographic Parameters: Dissolved
Staphylococcus sp. predominates over other flora in the oxygen (DO) was determined according to the classical
sand. The origin of Staphylococcus in beach sand is Winkler's method modified by Grasshoff [13]. The amount
attributed to human activity. Its occurrence has been of dissolved oxygen in each sample was calculated by
found to correlate with the number of swimmers on the applying the following equation:
beach [6]. O  ml/l = (N × V × 32000/4)/4(B-2) ×1.43; N= Normality

This study aims to estimate E. coli, Salmonella sp. of sodium thiosulphate, V= Volume of sodium
Staphylococcus sp. and Aeromonas sp. in seawater thiosulphate, B= Volume of oxygen bottle.
samples of the Western Harbor of Alexandria, as a semi- Oxidizable organic matter (OOM) was determined
closed marine harbor model, to study how near/far the using permanganate values test [14] and it is calculated
relation between the estimation of E. coli as a WHO from the following equation: 
recommended fecal indicator and the precise
presence/absence of Salmonella sp. Staphylococcus sp.
and Aeromonas sp. in the examined seawater samples.
Especial interest will be concern to study the impact of
some hydrographic parameters in the harbor and the use Nutrient salts as dissolved inorganic forms of
of Real Time PCR on such estimations. nitrogen [nitrite (NO ), nitrate (NO ) and ammonia (NH )],

MATERIALS AND METHODS colorimetrically, where, their absorbance’s were measured

Sampling: Eleven sampling stations were chosen along Shimadzu UV-150-02.The values were expressed as mol/l,
The Western Harbor of Alexandria as showed in Figure 1. according to Parsons et al. [15].
Triplicate Surface and bottom seawater samples were The pH values of the examined water samples were
collected seasonally from each chosen station from winter measured in the field during the collection process using
2012 to winter 2013 according to the standard method a thermometer and a portable pH-meter, with reading up to
published by the American Public Health Association 0.01 pH unit after necessary precautions in the sampling
(APHA) [11]. and standardization processes.

2

2 3 3
- - -

phosphate (PO ) and silicate (SiO ) were determined4 3
3- -

by using a Double-Beam spectrophotometer model
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Examination of Bacterial Communities Data Analysis: Comparative quantification analysis was
Culture Media: All culture media which were used for done based on the calculation of the ratio between the
isolation were of pure grade and purchased from Difco, target gene expression and the reference gene expression
Detroit, USA. according to this equation:

Total Heterotrophic Bacteria (TBC): The total
heterotrophic bacterial count (TBC) was estimated
according to the standard procedure published by APHA
[11]. Serial dilutions of seawater samples were cultivated
on seawater nutrient agar medium using pour plate
method and incubated at 28±2 °C for 24-48 h. Three
replicates for each sample were used and the final counts
were calculated as colony forming units (cfu/100ml). 

Detection of E. coli, Aeromonas sp. Salmonella sp. and
Staphylococcus sp. Using Membrane Filtration
Technique (MF): These bacterial groups were detected
using different selective culture media and the MF
technique according to the standard procedures [11, 12].
Quantities of 1 and 10 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 and counting
the fecal coliforms (E. coli), the membranes were placed
onto the surface of m-FC agar and incubated at 44.5 °C for
24h. The confirmatory tests for ten subcultured isolates
including gas production, indole production, oxidase test
were performed. Aeromonas medium base (Ryan) (CM833)
with ampicillin selective supplement (SRO136) was used
for Aeromonas sp. isolation. Salmonella sp. was detected
on Shigella-Salmonella (SS) agar. Mannitol salt agar
medium was used for staphylococci sp. detection. All
plates incubated at 37°C for 48h. Three replicates for each
sample were used and the final counts were calculated as
colony forming units (cfu/100ml).

Detection of E. coli and Salmonella sp. Using Real-Time
PCR: The detection of E. coli and Salmonella sp. using
Real-Time PCR were carried out at the Scientific Research
City, Borg El-Arab Alex. Egypt, using Rotor-Gene-6000
Series Software, according to Wong, et al. and Yi et al.
[16,17], respectively.

The estimation was carried out using specific primers
for E. coli and Salmonella sp. The E. coli primers were F:
5'CCGATACGCTGCCAATCAGT and R:
5'ACGCAGACCGTAGGCCAGAT according to Chen and
Griffiths [18]. While, the Salmonella sp. primers were F: 5'
TTTGG CGGCG CAGGC GATTC '3 and R: 5' GCCTC
CGCCT CATCA ATCCG '3 according to Kim et al. [19].

Statistical  Analysis:  Multivariate  Statistical Analysis
(Q-mode Cluster Analysis) was made to estimate the
relationship between all examined variables: The Q-made
cluster analysis was done on the data set using
STATISTICA-Programas similarity index. The tree
diagrams for ten variables; nine hydrographic parameters;
pH, Temp. DO, OOM, NO , NO , NH , SiO  and PO  and2 3 4 3 4

the tenth variable; the mean value of the tested bacteria
(TBC, Aeromonas sp. E. coli, Salmonella sp. and
Staphylococcus sp.) were made using a complete linkage
and Euclidean distances method according to Schubo and
Uhlinger [20].

RESULTS

The bacterial counts were estimated seasonally in all
collected surface and bottom seawater samples during
2012-2013. In general, the bottom samples showed more
bacterial counts compared to the surface samples but the
presence/absence detections of these estimated bacteria
were not affected by the sample type of the same station.
They were expressed as a mean cfu/100ml per each station
as follows:

During Winter 2012: The mean counts of different
bacterial communities were presented in Table 1. The
mean of total heterotrophic bacterial counts (TBC) ranged
from 2.0 X10  cfu/100ml at station 6 to 5.5 X10  cfu/100ml3 4

at station 2. Aeromonas sp. was presented in all examined
water samples during winter 2012. It was ranged from 20
cfu/100ml at station 2 to 750 cfu/100ml at stations 1 and 9.
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Fig 2: The cluster analysis showed the impact of nine hydrographic parameters on the mean microbial counts of; TBC
(A), Aeromonas sp. (B), E. coli (C), Salmonella sp. (D) and Staphylococcus sp. (E) in the seawater samples of the
Western Harbor of Alexandria during winter 2012.

Table 1: Mean bacterial counts (cfu/100ml) in seawater samples from the Western Harbor of Alexandria during winter 2012.

Station TBC* Aeromonas sp. E. coli Salmonella sp. Staphylococcus sp.

1 2.4X10 750 0.0 0.0 204

2 5.5 X10 20 0.0 35 904

3 5.0 X10 60 0.0 0.0 103

4 3.7 X10 40 0.0 1 3004

5 2.4 X10 360 0.0 11 104

6 2.0 X10 50 0.0 0.0 0.03

7 2.6 X10 80 0.0 12 1804

8 3.8 X10 90 0.0 261 204

9 2.6 X10 750 0.0 500 5304

10 2.8 X10 50 0.0 0.0 704

11 2.4 X10 360 0.0 11 104

*TBC: Total heterotrophic bacterial count
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Fig. 3: Cluster analysis showing the impact of some chemical parameters on the microbial communities of; TBC (A),
Aeromonas sp. (B), E. coli (C), Salmonella sp. (D)&Staphylococcus sp. (E) in the western harbor of Alexandria
during spring-2012.

The E. coli was absent in all examined seawater The interaction of bacterial communities with
samples. On the other hand, Salmonella sp. and hydrographic parameters showed that TBC, Aeromonas
Staphylococcus sp. were presented in the majority of sp. Salmonella sp. and Staphylococcus sp. were
these examined samples, they were ranged from 1 independent on the examined factors especially
cfu/100ml at station 4 to 500 cfu/100ml at station 9 and temperature, pH, DO and SiO  While E. coli showed a
from 10 cfu/100ml at stations 5 and 11 to 530 cfu/100ml at great dependency to the concentration of both NO  and
station 9, respectively. However, the presence/absence OOM in the examined samples (Figure 2).
(P/A) of E. coli records showed a partial successful
expression % for Salmonella sp. and Staphylococcus sp. During Spring 2012: The data in Table (2) showed the
they were 36.4% and 9.1%, respectively. Moreover, the mean total bacterial counts (TBC) in seawater samples
presence/absence E. coli records failed completely in with a range of 0.8X10  cfu/100ml at station 1 to 7.7X10
express  the P/A of Aeromonas sp. in all examined cfu/100ml at station 8. Also, Aeromonas sp. was presented
samples. in  all tested  samples  except  in  station  1.   The     most

3.

2

4 5



World Appl. Sci. J., 30 (2): 167-179, 2014

172

Table 2: Mean bacterial counts (cfu/100ml) in seawater samples from the Western Harbor of Alexandria during spring 2012.

Station TBC* Aeromonas sp. E. coli Salmonella sp. Staphylococcus sp.

1 0.8X10 0.0 0.0 0.0 0.04

2 9.9X10 10 0.0 0.0 0.04

3 7.0X10 60 0.0 0.0 0.04

4 1.0X10 120 0.0 0.0 0.04

5 1.4X10 370 0.0 0.0 0.05

6 1.5X10 260 0.0 0.0 105

7 7.2X10 650 0.0 0.0 0.04

8 7.7X10 1000 10 0.0 0.05

9 1.1X10 320 0.0 0.0 0.05

10 2.3X10 950 80 0.0 705

11 7.6X10 280 0.0 0.0 0.04

*TBC: Total heterotrophic bacterial count

Table 3: Mean bacterial counts (cfu/100ml) in seawater samples from the Western Harbor of Alexandria during summer 2012

Station TBC* Aeromonas sp. E. coli Salmonella sp. Staphylococcus sp.

1 5.4X10 123 100 80 0.9 X106 4

2 2.1X10 12 140 0.0 0.6 X106 4

3 2.5X10 9 0.0 0.0 2.3 X106 4

4 1.8X10 234 280 0.0 2.3 X106 4

5 1.7X10 216 100 0.0 0.8 X104 4

6 5.3X10 134 0.0 0.0 2.3 X105 4

7 1.1X10 276 40 0.0 2.4 X105 4

8 1.5X10 189 0.0 0.0 2.0 X105 4

9 1.6X10 174 0.0 0.0 1.4 X105 4

10 2.5X10 347 120 0.0 2.5 X106 4

11 6.6X10 278 0.0 0.0 2.3 X106 4

*TBC: Total heterotrophic bacterial count

contaminant seawater samples were collected from station During Summer 2012: The data in Table 3 indicated that
8 and 10, where the counts were 1000 and 950 cfu/100ml, the highest count of TBC in seawater samples during
respectively. summer were 6.6X10  cfu/100ml at station 11. Also

E. coli was presented in two stations only with a Aeromonas sp. was detected in all water samples and the
count of 10 cfu/100ml at station 8 and 80 cfu/100ml at highest count was 347 cfu/100ml at station 10.
station 10. While, Staphylococcus sp. was detected only E. coli was detected only in six from eleven examined
at two stations, station 6 with a count of 10 cfu/100ml and seawater samples, it was ranged from 40 cfu/100ml at
station 10 with a count of 70 cfu/100ml. On the other station 7 to 280 cfu/100ml at station 4. While, Salmonella
hand, Salmonella sp. was absent in all examined samples. sp. were absent in all seawater samples except one sample
Moreover, the presence/absence (P/A) E. coli records at station 1. Moreover, the pathogenic bacteria
showed a successful expression % of 27.3, 81.8 and 72.7 Staphylococcus sp. was observed in all examined water
for the P/A of Aeromonas sp. Salmonella sp. and samples. It was ranged from 0.6X10  cfu/100ml at station
Staphylococcus sp. respectively. 2 to 2.5X10  cfu/100ml at station 10. Moreover, the

In this season the interaction between the presence/absence (P/A) E. coli records showed a
temperature and the bacterial counts of Aeromonas sp. E. successful expression of 54.5% for the P/A of Aeromonas
coli and Staphylococcus sp. showed to be less effective sp. Salmonella sp. and Staphylococcus sp. in the
in the examined samples, while the count of TBC was examined samples.
affected by temperature and presented in the same cluster The mean bacterial counts of, Aeromonas sp.
with the estimated temperature degrees. Moreover, Salmonella sp. Staphylococcus sp. and E. coli showed to
Salmonella sp. showed a very close relationship with be less impacted with the temperature values and the most
NO followed by PO  and OOM concentrations in these effective factor was NO . On the other hand, the TBC2 4

examined samples (Figure 3). showed  a  relatively close relationship with SiO  followed
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Fig. 4: The cluster analysis showed the impact of nine hydrographic parameters on the mean microbial counts of; TBC
(A), Aeromonas sp. (B), E. coli (C), Salmonella sp. (D) and Staphylococcus sp. (E) in the seawater samples of
the Western Harbor of Alexandria during summer 2012.

Table 4: Mean bacterial counts (cfu/100ml) in seawater samples from the Western Harbor of Alexandria during autumn 2012.
Station TBC* Aeromonas sp. E. coli Salmonella sp. Staphylococcus sp.
1 6.3X10 ý 1.4 X10 5 1000 1.7 X106 4 4

2 8.7X10 1.4 X10 6 234 1.7 X106 4 4

3 4.8X10 1.4 X10 2 345 1.7 X106ý 4 4

4 2.8X10 ý 1.1 X10 1 0.0 1.4 X106 4 4

5 2.4X10 ý 1.4 X10 2 321 1.4 X106 4 4

6 2.2X10 ý 8.4 X10 3 421 1.7 X106 3 4

7 3.0X10 ý 1.4 X10 0.0 2300 1.7 X106 4 4

8 2.1X10 ý 8.4 X10 0.0 467 1.4 X106 3 4

9 1.2X10 ý 1.4 X10 0.0 253 1.7 X106 4 4

10 5.5X10 ý 8.4 X10 5 1800 1.7 X105 3 4

11 2.1X10 ý 1.1 X10 1 125 3.4 X106 4 4

*TBC: Total heterotrophic bacterial count
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Table 5: Mean bacterial counts (cfu/100ml) in seawater samples from the Western Harbor of Alexandria during winter 2013.
Station  TBC Aeromonas sp. E. coli Salmonella sp. Staphylococcus sp.
1 2.0X10 2.0X10 600 2.1X10 0.06 3 3

2 4.1 X10 2.4 X10 200 2.1 X10 0.06 3 3

3 3.2 X10 1.6 X10 200 2.1 X10 0.06 3 3

4 1.6 X10 2.4 X10 0.0 1.6X 10 0.06 3 3

5 2.1 X10 2.4 X10 360 2.1 X10 0.06 3 3

6 2.0 X10 2.4 X10 160 2.1 X10 0.06 3 3

7 2.2 X10 3.8 X10 0.0 5.2 X10 0.06 2 2

8 8.0 X10 1.6 X10 0.0 5.2 X10 0.05 2 2

9 7.5 X10 3.8 X10 0.0 1.1 X10 0.05 2 3

10 8.5 X10 6.6 X10 5 9.8 X10 0.05 2 2

11 2.4 X10 2.4 X10 1 1.6 X10 0.06 3 3

*TBC: Total heterotrophic bacterial count

by NO  and temperature degrees in the examined samples. corresponding collection period the year before3

Moreover, Staphylococcus sp. and Aeromonas sp. (winter2012). The mean counts of the TBC, Aeromonas sp.
showed similar interaction pattern with these examined E. coli and Salmonella sp. showed to be increased with
chemical factors (Figure 4). about 100 fold compared to their counts in winter 2012

During Autumn 2012: The counts of different bacterial The mean total bacterial counts (TBC) in seawater
communities  in  seawater  samples  are  illustrated in samples was ranged from 7.5X10  cfu/100ml at station 9 to
Table  4. The main total heterotrophic bacteria were 4.1X10 cfu/100ml at station 2. Aeromonas sp. and
ranged from 5.5X10 at station 10 to 8.7X10  cfu/100ml at Salmonella sp. were detected in all examined seawater5 6

station 2. Aeromonas sp. and Staphylococcus sp. were samples with high counts, with an average count of 1.6
the most dominant communities with high counts in all X10  and 1.5X10 cfu/100ml, respectively. 
seawater samples, where they maximum counts were E. coli was presented in only seven from eleven
reached to1.4 X10  (at six stations) and 3.4 X10  cfu/100ml examined samples with a range from 1 cfu/100ml at station4 4

at station 11, respectively. However, by using the 11 to 600 cfu/100ml at station 1. While Staphylococcus sp.
membrane filtration technique the presentation of E. coli was totally absent in this season. Moreover, the
in seawater samples were very rare (1-6 cfu/100ml) and presence/absence (P/A) E. coli records showed a
they were presented in only eight from eleven examined successful expression % of 63.6, 63.6 and 36.4 for the P/A
samples. Salmonella sp. were presented in most detected of Aeromonas sp. Salmonella sp. and Staphylococcus sp.
water samples with counts ranged from 125 to 2.3X10 in the examined samples, respectively.3

cfu/100ml. Moreover, the presence/absence (P/A) E. coli E. coli showed similar interaction pattern with the
records showed a successful expression % of 27.3, 63.6 examined chemical factors and they showed a very close
and 27.3 for the P/A of Aeromonas sp. Salmonella sp. relation with NO  followed by NO , PO  and OOM.
and Staphylococcus sp. in the examined samples, Salmonella sp. was closely related to NH  followed by
respectively. SiO and the temperature degrees, while Aeromonas sp.

Aeromonas  sp.  and  Salmonella  sp.   showed showed to be less impacted with the examined parameters
similar interaction pattern with the examined chemical especially temp., SiO and NH  (Figure 6).
factors and they showed a very close relation with DO
and  the  pH  values.  E.  coli  showed a close relation The Occurrence Percentages of E. Coli and Different
with PO  and OOM; while Staphylococcus sp. showed a4

close relation with NO  and the temperature degrees.2

Moreover, TBC showed less dependency with the
estimated factors especially temperature degrees and NO2

(Figure 5).

During the Overlapping Season Winter 2013: In general,
the estimated bacterial contamination in this season was
increased compared to the obtained data in the

(Table 5).

5

6

3 3

2 3 4

3

3

3 3

Pathogens:The seasonal variation in the occurrence
percentages of E. coli and different pathogens with
respect to the total viable count in seawater was
illustrated in Table 6. All the occurrence percentages of E.
coli were relatively low compared by different pathogens.
E. coli appeared in four seasons and, its occurrence
percentages ranged from to 0.00007 to 0.007%. Aeromonas
sp. was present in all seasons, with high occurrence
percent ranged from 0.009%  (in  summer  2012)  to   0.9%



Fold change in target gene expression (exp./control)Target gene expression =
Fold change in reference gene expression (exp./control)
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Table 6: The occurrence percentages (%) of E. coli and different pathogens in WHA during 2012 - 2013.
Season E. coli Aeromonas sp. Salmonella sp. Staphylococcus sp. Total pathogens
Winter 0.0 0.9 0.28 0.43 1.61
Spring 0.005 0.232 0.0 0.005 0.237
Summer 0.004 0.009 0.0004 0.91 0.919
Autumn 0.00007 0.088 0.0002 0.98 1.068
Winter 2013 0.007 0.078 0.076 0.0 0.154

Table 7: The detection of E. coli and Salmonella sp. in some sediment samples of the Western Harbor of Alexandria using membrane filtration (MF) and Real
time PCR (RT) techniques. 

E. coli Salmonella sp.
------------------------------------------------------------ ------------------------------------------------------------

Season Station MF-technique* RT-PCR technique** MF-technique RT-PCR technique
Autumn- 2012 4 0.0 0.0 0.0 0.0

7 0.0 6.833 2.3X10 0.3193

10 0.0 2.321 1.8X10 0.1403

Winter-2013 4 0.0 0.413 1.6X10 0.3043

7 20 0.320 1.6X10 0.1133

10 0.0 0.184 2.1X10 6.8333

*The bacterial counts were estimated in cfu/g.
** The values were estimated according to this equation;

Fig. 5: Cluster analysis showing the impact of some chemical parameters on the microbial communities of; TBC (A),
Aeromonas sp. (B), E. coli (C), Salmonella sp. (D)&Staphylococcus sp. (E) in the western harbor of Alexandria
during autumn-2012.
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Fig. 6: Cluster analysis showing the impact of some chemical parameters on the microbial communities of; TBC (A),
Aeromonas sp. (B), E. coli (C), Salmonella sp. (D)&Staphylococcus sp. (E) in the western harbor of Alexandria
during the overlapping season (winter-2013).

(in winter 2012). Salmonella sp. and Staphylococcus sp. much accurate expression for the pathogenicity in the
appeared in four seasons with occurrence percent reached examined samples compared to the traditional membrane
to 0.28 and 0.98%, respectively. Although the total filtration technique (MF).
pathogens occur with high percentages in winter 2012 The use of MF technique showed no E. coli
(1.61%) and autumn 2012 (1.068%), the E. coli was absent contamination in all examined seawater samples except at
or present with very low percent in these two seasons. station 7 in winter-2013, where the count  was  20cfu/g.

Detection of Bacterial Contamination Using Real time While the results obtained by the RT technique
PCR- technique. showed a target gene expression of E. coli in all tested

The data presented in Table (7) showed the samples especially at station 7 followed by station 10
difference between the results obtained from the two used during autumn 2012 and the only uncontaminated sample
techniques. The Real time PCR technique (RT) led to was collected from station 4 during autumn 2012.
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Moreover, the detected E. coli using the RT technique coli in the examined seawater samples (Table 6). These
showed a real expression for the contamination with results were confirmed by Abou-Elela et al. [6] who
Salmonella sp. in the examined samples (Table 7). On the reported the numbers of pathogenic microbes (Aeromonas
other hand, the detection of the presence/absence sp. Salmonella sp. and Staphylococcus sp.) in the
Salmonella sp. in all examined sediment samples showed seawater samples of the North Delta, Egypt were greatly
the same results even on using the MF or the RT-PCR higher than the numbers of fecal indicators. Similarly, the
techniques. But the target gene expression of Salmonella monitoring for fecal indicator bacteria (FIB) such as E. coli
sp. in station #10 (6.833) showed to be more than that of or enterococci is not always effective for microbial
station #7 (0.319) during winter2013 and autumn2012, determination when streams and coastal waters are
respectively and these results were reversed by MF contaminated with sewage because FIB can take up
technique. Station #7 was more contaminant than station residence in the environment and may even multiply
#10, the counts were 2.3X10  and 2.1X10  cfu/g, under certain conditions. Another problem with current3 3

respectively. water quality standards is the known difference between

DISCUSSION pathogens. Indicator bacteria were shown to be more

Innovative research relating oceans and human protozoan pathogens. Sunlight inactivation varies
health is advancing our understanding of disease-causing seasonally, daily and at different geographic and climatic
organisms in coastal ecosystems. Investigations must regions [23]. As a result, the concentrations of FIB in
include examination of microbial community dynamics water samples measured after disinfection or measured in
that may be important from a human health perspective environmental waters are not reliable assurances that
[21]. human pathogens in water have been reduced to levels

From the obtained data it appeared that nutrient that will not cause infections in swimmers [24]. 
stoichiometry in addition the temperature may be However, Bae and Wuertz [25] and Chern et al. [26]
important factors affecting the structuring bacterial mentioned the persistence of feces-derived Bacteroidales
communities;  they  are interlinked and must be cells and their DNA in seawater under natural conditions
considered together when studying environmental using an optimized chemical method based on co-
bacteria. The impacts of the studied hydrographic factors extraction of nucleic acids with propidium monoazide
were varied according to the type of  the  bacterial species (PMA) were estimated by measuring Bacteroidales DNA
itself   (Figures  2-6). Similarly,  members  of -, -  and without differentiating between intact and dead cells.

-proteobacteria, the Cytophaga-Flavobacteria cluster They observed the extracellular DNA may misinform
and the domain bacteria were enumerated using about the extent of recent fecal pollution events,
fluorescent in situ hybridization. It was found the particularly in the case of multiple sources of
dissolved  inorganic  nitrogen  (NO /NO  + NH ) and contamination with variable temporal and spatial scales2 3 4

soluble reactive phosphorus was correlated with due to the relatively long persistence of DNA in the
abundance of the various bacterial taxa. While, the environment. While, applying qPCR with and without
abundance patterns of the bacterial communities were PMA can provide data on the fate and transport of fecal
complicated and affected with both nutrient Bacteroidales in water. Similarly, the obtained Real Time
concentrations and seasonal changes in temperature [22]. PCR results in this study indicated more precisely data
However, further studies are needed to evaluate the compared to the traditional detection methods (MF-
ecology of non-enteric water-transmitted diseases technique), the recorded E. coli led to 100% prediction for
especially in marine environment. the fecal contamination (Table 7). It was showed the

In general, on using MF-detection technique the detected E. coli at stations 4 and 7 during winter 2013
obtained results showed the P/A of E. coli records in all using the MF technique led to incorrect picture compared
examined seawater samples along the study period led to to the obtained results of RT technique where, it indicated
a relatively low successful expression % of 16.4, 45.5 and station 7 was more contaminated with E. coli compared to
52.7 for the tested pathogens; Aeromonas sp. Salmonella station 4 and vice versa was the truth.
sp. and Staphylococcus sp. respectively, (Tables 1-5). In Also, a comparative study for the Fecal Bacteroidales
addition, the occurrence of these pathogens showed in different samples was made using 16S rRNA gene clone
higher percentages than the occurrence percentage of E. libraries  it  was  indicated  that  most  of  the  operational

fate and transport characteristics of FIB compared to

sensitive to inactivation by sunlight than viral and
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taxonomic unit (OTU) and phylogenetic diversity of these 4. Afifi, S., A. Elmanama and M. Shubair, 2000.
bacteria was found within the samples and not between
the studied samples under most of the examined
conditions [27]. Dissimilar results were obtained in this
study where the microbial diversity showed great
variations in all examined samples depending mainly on
the seasonal variation rather than the sampling sites. 

CONCLUSION

It can be concluded; the use of E. coli is no more
precisely express the microbial water quality since in some
cases the samples may be free from E. coli but they really
showed  great  contamination  with  Salmonella  sp.  as a
serious pathogenic bacterium especially on using the
traditional detection techniques. This result was
confirmed through the impact of different hydrographic
parameters they showed dissimilar impact patterns
depending on the tested bacterial species. However, the
use of RT-PCR in detecting E. coli led to a clear picture
for the pathogenicity of the tested samples.
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