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ABSTRACT

A total number of 1200 naturally infected fishes (600 Oreochromis niloticus and 600 Clarias gariepinus), were subjected to clinical, post-mortem and bacteriological examinations. The bacteriological examination revealed the presence of 268 Streptococcus species isolates. The prevalence was 22.33 % among the examined fishes.

Streptococcal infection for O. niloticus and C. garepinus was highest in summer and lowest in winter. Streptococcus spp. infection rate for O. niloticus was highest in Kafr El-Sheikh and lowest in Sharkia, while, for C. gariepinus was highest in Kafr El-Sheikh and lowest Domyata governorates in Egypt.

Bacteriological examination revealed the isolation of 268 different bacterial isolates. Isolates were isolated from kidney, liver, ascetic fluid, intestine and spleen. The bacterial isolates were identified as 5 species Streptococcus faecium (42.9%), Streptococcus faecalis (29.48%), Streptococcus sp1. (11.57%), Streptococcus sp2 (8.96%) and Streptococcus sp3 (7.09%). Antibacterial sensitivity testes revealed that there were differences between strains in the sensitivity against different antibacterial discs. Experimental injection of fish revealed that there is no difference in susceptibility between normal tilapia and monosex tilapia.

Analysis of proteins of the isolated Streptococcus spp. revealed presence of common characteristics bands (18 and 35KD) which characteristics to Streptococcus spp. and Enterococcus faecalis. The tree for RAPD-PCR that resulted from cluster analysis noticed that there were two main groups (standard Streptococcus faecalis and Streptococcus faecalis) as one group, and Streptococcus sp.2 and Streptococcus sp.3 as a second group, while the Streptococcus faecium branched to one subgroup from the Streptococcus sp.2 and Streptococcus sp3 group. But the Streptococcus sp.1 presented as out-group. 

RAPD-PCR analysis revealed that seven primer out of ten primers yielded number of polymorphic and share bands and three primers failed to give shared bands. 65 DNA bands were detected, 11 shard bands. 
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INTRODUCTION
Fish is among the most important sources of protein to human consumption, thus the study of the signs and lesions, induced by fish diseases, helps the protection in our national economy.


Infectious diseases of cultured fish are among the most notable constraints on the expansion of aquaculture and the realization of its full potential (Plumb, 1999; Woo and Bruno, 1999 and Klesius et al., 2000). Bacterial pathogens are the most serious disease problem in tilapia production causing 80% of fish mortalities (Plumb, 1999; Woo and Bruno, 1999; Clark et al., 2000 and Shoemaker et al., 2000).

Historically, Streptococcus sp. are not serious pathogens of fish, but recently, these bacteria have become more prominent in wild and cultured fish (Baya et al., 1990). Now Streptococcus sp. has recently created a major disease problem in cultured tilapia and considered of high importance in recent years because of the increased reports of infections and the high economic losses caused by gram-positive bacteria in both wild and cultured fish (Eldar et al., 1995 and Domenech et al., 1996).

Moreover, Weinstein et al., (1996) and Zlotkin et al., (2003) recorded that Streptococcus iniae was capable of causing disease in humans who had recently handled infected fish from aquaculture farms. In Egypt, Nile tilapia (Oreochromis niloticus) population facing streptococcosis in several areas, notably in Lake El-Temsah in Ismailia governorate (Badran, 1994) recorded a serious mass mortality among fish due to streptococcal infection, in Kafr El-Sheikh governorate (Khalil, 2000) who recorded massive mortalities from streptococcosis and (Ebtesam, 2002) recorded streptococcosis in Lake El-Ibrahimia in Upper Egypt.

Saçilik et al., (2000) analyzed different gram positive cocci by SDS-PAGE in order to obtain better discrimination between different gram positive cocci and found a common 18 and 35 kD characteristics bands of Streptococcus spp. and Enterococcus faecalis. Also Barnes et al., (2003) used it for characterization of Streptococcus iniae.

Enlightenment the previous argument the present study was conducted to fulfill the gap about Streptococcus species infection among cultured freshwater fish in Egypt. Also, availability of use of total bacterial proteins in SDS-PAGE for characterization of the isolated streptococcus. In addition to using of polymerase chain reaction (PCR), as a rapid and sensitive method for identification of streptococcus with potential diagnostic value.

 

MATERIALS AND METHODS

Naturally infected fish:

A total number of 1200 clinically and grossly diseased fishes of Nile tilapia (Oreochromis niloticus) (600) with an average weight 100-150 gm and African catfish (Clarias gariepinus) (600) were collected from different fish farms from Kafr El-Sheikh, Sharkia and Domyata Governorates (O. niloticus 150 and C. gariepinus 150 from each governorate), the fish were transferred to the Central Laboratory for Aquaculture Research, El-Abbassa, Sharkia, Egypt.

Bacteriological examination:

Sampling and Primary isolation were done according to (Noga 1996 and Shoemaker and Klesius 1997) under complete aseptic condition from the kidney, liver, spleen and ascitic fluid, inoculated on tryptic soy broth, and incubated at 25 C for 24 hours. A loopfull of incubated broth was streaked on the different laboratory medium: tryptic soy agar, 5% sheep blood agar and brain heart infusion agar. The plates were incubated at 25 C for 24-48 hours. The isolated bacteria were identified according to Finegold and Martin (1982), Bergey, et al., (1994) and Elmer et al., (1998). 

Clinical and Postmortem examinations:

All naturally infected fishes were subjected to full clinical and postmortem examinations (freshly dead and moribund fish) as described by Schaperclaus et al., (1992).

Experimental infection of fish:

A total of 240 apparently healthy fish (120 non treated O. niloticus and 120 Monosex O. niloticus treated with androgen hormone) were divided into 4 equal groups (60 fish / group). Each group was subdivided into six equal groups (10/group) and injected intramuscularly (I/M) with 0.5 ml of different concentrations of Streptococcus faecalis and Streptococcus faecium (Table 1) and the 6th group in all groups injected by 0.5 ml sterile saline solution and act as control. All experimentally infected fish were distributed in glass aquaria supplied with sufficient chlorine free tape water, with continuous aeration by electric aerator. The water temperature was 25 ± 2 C and daily observed for any abnormal clinical signs and mortalities for 15 days. The dead and clinically diseased fish were subjected for bacterial re-isolation. 
Antibacterial sensitivity test: 

The antibiogram of the recovered pathogens were done for 5 random more virulent isolates from Streptococcus faecium, Streptococcus faecalis, Streptococcus sp1, Streptococcus sp2 and Streptococcus sp3 using the disc diffusion method. The interpretations of zones were estimated according to the limits given by Carter and Cole (1990)

SDS–PAGE of whole bacterial cell protein.

 
The whole bacterial cell protein was carried out using the method described by Sambrook et al., 1989. 
RAPD-PCR test application 

The randomly amplified polymorphic DNA (RAPD) technique consists of the amplification, by polymerase chain reaction (PCR), of random segments of genomic DNA using a single short primer (10 mer) sequence, (Sambrook, et al 1989). The molecular markers in the present work were performed on streptococcal genomic DNA as target. Extraction of the chromosomal DNA from bacteria according to Pospiech and Neumann 1995. The PCR mixture and amplification conditions were prepared according to (Sambrook et al., 1989) with minor modifications. Genetic similarity was estimated according to Bardakci and Skibinski (1994). 

RESULTS
The bacteriological examination revealed the isolation of 268 different pathogenic bacterial isolates. The isolates were isolated from kidneys, liver, ascetic fluid, intestine and spleen. Five species were identified as Streptococcus faecium 115 isolates (42.9%), Streptococcus faecalis 79 isolates (29.48%), Streptococcus sp1. 31 strains (11.57%), Streptococcus sp2 24 isolates (8.96%), and Streptococcus sp3 19 isolates (7.09%). By biochemical the isolates of Streptococcus faecium, Streptococcus faecalis, Streptococcus sp2 and Streptococcus sp3 is related to interococcus group (group D streptococcus) from enteric source, while Streptococcus sp1 related to pyogenic streptococcus (Table 2).

Bacteriological examination revealed the presence of 268 Streptococcal isolates, with incidence of 22.33 %. A total of 600 clinically diseased O. niloticus fish were examined throughout the year. Results showed that the percentage of streptococcal infection was (17.2%) (Table 3). The highest prevalence rate was recorded in summer (31.33%) followed by spring (18 %), and autumn (13.33 %) while the lowest percentage was in winter (6 %) (Table 4). The percentage of fish from which Streptococcus spp.  were isolated (from total infected tilapia) was (39.8%) in Kafr El-Sheikh, then Domyata, (34%) and the lowest was in Sharkia (26.2%) as demonstrated in Table (5). A total 600 of C. gariepinus showed the highest infection was (41.8%) in Kafr El-Sheikh (from total infected catfish) then Sharkia (35.8%) and the lowest was in Domyata, (23%), as demonstrated in Table (5). The bacteria were isolated from kidneys, liver, ascitic fluid, and spleen of tilapia and O. niloticus with percentage of 31.72, 29.85, 23.13 and 15.98% respectively (Table 6). The bacteria was isolated from kidney, liver, ascitic fluid, and spleen of C. gariepinus with percentage of 31.51, 29.7, 21.21and 17.58 respectively (Table 6).

 
Regarding the clinical signs and postmortem examinations of the naturally infected fish showed loss of appetite, sluggish movement, swimming close to the surface of the water,  lethargic, no escape reflex, darkening of the skin, easily detached and lose of the scales, ulcer formation (Photo 1, 2), uni- or bilateral exophthalmia, haemorrhage of the eye (Photo 3), in some cases cloudy change and destruction of eye (pop-eye) was observed (Photo 4, and 5), haemorrhages on the skin especially in the base of fins and tail (Photo 6A), abdominal distention, inflammation, congestion of anal opening (Photo 6B) and vertebral column deformities (Photo 6C). Internally the liver was pale in some cases (Photo 7), and the peritoneal cavity filled with ascitic fluid. In some cases haemorrhage in intestine, enlarged spleen and nearly black, enlarged and congested kidney (Photo 8) were noticed.

The results of experimental infections of fish were presented in Table 7 & 8. The results revealed that there was no difference in susceptibility between non treated O. niloticus and monosex tilapia treated with methyl testosterone. Re-isolation of the injected bacteria was succeeded from all dead fish. The fish infected with Streptococcus faecalis were more affected than those injected with Streptococcus faecium. 

The results of in vitro antibiotic sensitivity test on randomly selected more virulent isolates of the Streptococcus species isolated from the infected fish were shown in Table 9.
Analysis of proteins of the isolated Streptococcus spp. revealed presence of common characteristics bands (18 and 35KD) which characteristics to Streptococcus spp. and Enterococcus faecalis.  The dendrogram of protein electrophoresis was shown in Fig. (1) indicated that there were two main groups, each one branched to one subgroup, (the first group of (Streptococcus faecalis and Streptococcus sp.3) was very closed which the standard Streptococcus faecalis was subgroup branched from it with similarity coefficient 0.83 (Table 10, 11). The second group contains Streptococcus faecium was less related to other group with similarity coefficient 0.50. 
Table (12) illustrates the polymorphic patterns and the share bands that obtained from 5 species of Streptococcus. A total of 65 DNA bands were detected in which 50 were useful as RAPD-PCR markers generated by seven random primers for the 5 species of Streptococcus identified in present study. The size of the amplified fragment ranged from 125.32 bp for primer OP. Z1 and B2 to 1509.5 bp for primer OP.C 6.

In this study, different 10 random primers were tested with DNA of the five species of Streptococcus, isolated from fish. The tree was illustrated in Fig. (2) for RAPD-PCR that resulted from cluster analysis. There were two main groups (standard Streptococcus faecalis and isolated Streptococcus faecalis) as one group which was much closed with similarity coefficient 0.96 Table (13), and Streptococcus sp.2 and Streptococcus sp.3 as a second group with similarity coefficient 0.79, while the Streptococcus faecium branched to one subgroup from the Streptococcus sp.2 and Streptococcus sp.3 group. But the Streptococcus sp.1 presented as out-group which was the farthest group.

From the tree resulted from the total data analysis of protein and the ten primers Figure (3) (for RAPD PCR) that there were two main groups (standard and Streptococcus faecalis) as one group which was very closed with similarity coefficient 0.94 Table (14), and Streptococcus sp.2 and Streptococcus sp.3 as a second group with similarity coefficient 0.76, while the Streptococcus faecium branched to one subgroup from the Streptococcus sp.2 and Streptococcus sp.3 group. But the Streptococcus sp.1 presented as out-group which was the farthest group.
Discussion

The cultures isolated from naturally infected fishes comprised gram-positive cocci, non-motile, catalase and oxidase negative, which were grew on brain heart infusion agar, tryptic soy agar (except Streptococcus sp1.was scanty grew on tryptic soy broth), blood agar. These findings were agreed to that recorded by Baya et al., (1990), Al Harbi (1994), El-Bouhy (2002) and Zeid (2004).

Streptococcus faecalis was the only species, which grow on MacConky agar and give scanty pink colonies, and these results in agreement with Boomker et al., (1979), Bragg and Broere (1986) and El-Bouhy (2002) who reported that the isolated group D Streptococcus sp. grew well on MacConky agar. It disagree with Baya et al., (1990), who mentioned that the isolated Streptococcus sp. grow on brain heart infusion agar and tryptic soy agar but not on MacConky agar, and Zeid (2004) who recorded that the isolated Streptococcus faecalis did not grew on MacConky agar. Our result showed that Streptococcus faecium not grew on MacConky agar. This result agrees with Ebtsam (2002) and disagrees with El-Bouhy (2002) who reported that Streptococcus faecium had variable growth on MacConky agar.

Streptococcus faecalis give α or no haemolysis on blood agar that agree with El-Bouhy (2002) and disagree with Zeid (2004), they reported that Streptococcus faecalis was α-haemolytic only.

All isolate were grown at 10 C except Streptococcus sp1. and this disagree with Perera et al., (1997) and Zeid (2004), they stated that the streptococcal growth on brain heart infusion broth was detected at 25, 35 and 45 C.

Streptococcus faecalis and Streptococcus faecium (variable) grew at 45 C and this agree with Perera et al., (1997), El-Bouhy (2002) and Zeid (2004).

Streptococcus faecalis in this study grew well at media with 6.5% NaCl, which agree with Carson et al., (1993), El-Bouhy (2002) and Zeid (2004) and disagree with Bragg and Broere (1986) who stated that the isolated Streptococcus spp. did not grow on medium containing 6% NaCl.

Regarding to biochemical tests the isolates in this study were negative for oxidase, catalase, starch hydrolysis and indole as reported by Shoemaker and Klesius, (1997) who stated that two of the most important tests for identification of streptococcal pathogens from fish were catalase and starch hydrolysis test. All Streptococcus spp. are starch negative except Streptococcus iniae (Shoemaker and Klesius, 1997).

Streptococcus faecalis was negative for catalase, indole, gelatin liquefaction and positive for euscolin hydrolysis that agree with El-Bouhy (2002) and disagree with Facklan and Moody (1970) and Zeid (2004). While the isolates were positive for citrate utilization that resembles to El-Bouhy (2002) and disagree with Zeid (2004).

From the previously mentioned cultural, morphological and biochemical tests, these isolates could be divided as Streptococcus faecalis and Streptococcus faecium as guided by Bergey, et al., 1994.
Biochemically the isolates of Streptococcus faecium, Streptococcus faecalis, Streptococcus sp2 and Streptococcus sp3 is related to enterococcus group (group D streptococcus) from enteric source, while Streptococcus sp1 related to pyogenic streptococcus.

With the respect to the prevalence of streptococcus infection among the cultured fish, the present study in table (3) showed the percentage of infection was 22.33% among the examined fish. The results may increase because of the increase in the biological pollution in the Nile and usage of manure and wastewater beside chicken and duck buildings over fish ponds, so more attention is focused on streptococcosis in freshwater fishes. The different percentage of streptococcus infection may be related to different fish species and different environmental conditions. 

The findings of this study were more or less in the range as indicated by many authors as El-Bouhy (2002) in Sharkia and Ismailia (21.8), Zeid (2004) in El-Mansoura (18%), Huang et al, (1991) in marine fish (17.3%). On the other hand, El-Bouhy (1986) it was 3.7 % in freshwater fish, Badran and Eissa (1991) was 1.7% in tilapia, El-Bouhy and Megaheed (1994) the prevalence was (9.2%) and Ebtsam (2002) was 10% among cultured Oreochromis niloticus.

It was observed that significant differences in the prevalence rate among the cultured African catfish, and tilapia were recorded 27.5% and 17.2% respectively. These might attributed to the behavior of catfish as a scavenger fish searching for wastes where the ingestion of food contaminated by human or animal feces introduces streptococcus organisms into the alimentary tract.  This finding supported by Balasubramanian, et al (1992) who decided that detritivorous fish species had a higher bacterial count than the filter feeders, which cultured in sewage fed pond.

Regarding to the seasonal variation, table (4) the highest period of prevalence was recorded in summer season (42.67%), followed by spring (24%), then autumn (15%) and lastly winter (7.67%). This result may due to the raised of water temperature which optimum for multiplication of streptococci and result in increase the densities of streptococcus species which then increase the exposure of fish population to the pathogen.  These results were supported by the findings of Bragg and Broere (1986), Baya et al, (1990), Shoemaker et al, (2000), Ebtsam (2002), El Bouhy (2002) and Zeid (2004) who detected a higher percentage of streptococcal infection during the summer season.

The result of distribution of streptococcus infection and their incidence in different tissues and organs of naturally infected fishes showed that the highest percentage of bacterial fish pathogens were isolated from kidneys (31.72%), liver (29.85%), ascetic fluid (23.13%) and spleen (15.98%) table (6). The isolates from kidney and liver may be attributed that, this organs more or less considered being tropism for this bacteria or due to the nature of septicemia occurred by the microorganism and proved the pathogenicity of this bacteria to fish. The pathogenicity may be attributed high capacity for tissue invasion and toxic products. Presence of high percentage of the isolated bacteria in fish tissue revealed high concentration of these pathogens in the pond water. This observation was in coincidence with the finding of Al Harbi (1994), El-Bouhy (2002) and Zeid (2004) who recorded pure, dense bacterial growth from kidney, liver, spleen and the eye of diseased fish.

Regarding to the clinical signs, it was revealed that fish infected with Streptococcus species showed loss of appetite, sluggish movement, swimming close to the surface of the water, lethargic, no escape reflex, darkening of the skin, easily detached and lose of the scales, ulcer formation, uni- or bilateral exophthalmia, haemorrhage of the eye, in some cases change cloudy and destruct of eye (pop-eye), haemorrhages on the skin especially in the base of fins and tail and abdominal distention. Exophthalmia was a common feature of the disease among the infected fish, exhibited numerous haemorrhagic areas on the body surface particularly at the base of fins and operculum. This signs may be attributed to bacterial toxins. These results are agreed with those recorded by Boomker et al., (1979), Baya et al., (1990), Al Harbi (1994), Badran (1994), Perara et al., (1994), Plumb (1994), Shoemaker and Klesius, (1997), Romalde and Toranzo (1999), Roberts (2001), El-Bouhy (2002), Zeid (2004) who mentioned that some signs that may distinct for streptococcal disease, include erratic swimming, darkening of the fish, haemorrhage in the base of the fines and of the operculum, pop-eyed appearance, and sometimes with cloudy eyes and swollen abdomen.
Exophthalmia was a common feature of the disease among the infected fish, exhibited numerous haemorragic areas on the body surface particularly at the base of the fines and operculum, this may be due to the haemolytic effect of the exotoxin produced by bacteria (Rasheed and Plumb, 1984). 

The common postmortem lesions observed in the diseased fish were acute septicemia in nature as they revealed congestion of the internal organs with pale liver and bloody ascitic fluid. These lesions were in accordance with finding with Boomker et al., (1979), Baya et al., (1990), Al Harbi (1994), Badran (1994), Perara et al., (1994), Plumb (1994), Shoemaker and Klesius, (1997), Romalde and Toranzo (1999), Roberts (2001), El-Bouhy (2002), Zeid (2004) they reported the abdominal cavity contained yellow or reddish yellow fluids, the stomach and intestine may empty, the liver was pale but sometimes mottled red, spleen was enlarged and dark red in appearance. 

Regarding to the experimental infection of the isolated streptococcus, the present study showed that the same clinical signs and postmortem changes were similar to that of naturally infected tilapia as reported by Badran (1994), Shoemaker et al., (2000), Ebtsam (2002), El-Bouhy (2002) and Zeid (2004). It was noticed from table (7, 8) that the density of the injected bacteria was shown to significantly mortality of experimentally infected fish. Similar finding was observed by Shoemaker et al., (2000). On the other side the results disagree with those reported by Perera et al., (1997) who recorded that the intrapretonial injection of Streptococcus iniae produced no mortalities and could not be isolated from fish 4 days post-injection. The possible explain for these differences in the results may be due to fish species and dose of infection.

The results of SDS. PAGE analysis was done for standard Streptococcus faecalis, Streptococcus faecalis, Streptococcus faecium, Streptococcus sp1, Streptococcus sp2 and Streptococcus sp3 in comparison to standard molecular weight marker, the results revealed that protein bands concentration distributed between 17.603 KD, and 118.408 KD, and the numbers of protein bands ranged from 14 protein bands to 22 bands.

All species have specific common characteristics bands (18, 35KD) which characteristics to Streptococcus spp. and Enterococcus faecalis (Table 10, 11) and this agree with Saçilik et al (2000).   

The results showed that every species differ from other in protein constitution in cell wall and may be differ in the same species. It showed that standard Streptococcus faecalis revealed 22 bands of protein and the highest concentration of protein occur at molecular weight of 118.41 KD., while Streptococcus faecalis gave 22 protein bands with highest concentration of protein 118.41 KD., and Streptococcus faecium gave 14 bands and highest concentration of protein occur at 96.02 KD., Streptococcus sp.1 gave 18 bands of protein with the concentration of protein at 84.79 KD, Streptococcus sp.2 gave 18 protein bands with molecular weight of highest concentration at 84.79 KD and Streptococcus sp.3 gave 22 protein bands with molecular weight of highest concentration at 118.41 KD.

The dendrogram of protein electrophoresis was shown in Figure 1 Indicated that there were two main groups, each one branched to one subgroup, (the first group of (Streptococcus faecalis and Streptococcus sp.3) was very closed which the standard is subgroup branched from it (with similarity coefficient 0.83) (Table 12). 

The results of Random amplification polymorphic DNA (RAPD) analysis by using 10 random primers with isolated five species of Streptococcus spp. It revealed that seven primer out of ten primers yielded number of polymorphic and share bands and three primers failed to give shared bands. A total of 65 DNA bands were detected from which 11 shard bands were useful as RAPD PCR markers generated by seven random primers for 5 species of Streptococcus spp. The primer OP A2, Z1, C1, C4, C6, A11 and O20 produced genetic markers in Streptococcus and considered as specific markers for each Streptococcus species. To the best of our knowledge, these results considered as first recorded and can used theses primers, which produced genetic markers in rapid diagnosis of Streptococcus in any field. 

From these results it was clear that the using of PCR in diagnosis of bacterial diseases in aquaculture is very rapid and accurate method. These agree with that recorded by Zlotkin et al., (1998b), Ke et al., (1999), Bachrach et al., (2001), Bader et al., (2003) and Mata et al., (2004b). 
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Table (1): Fish used for biological tests

	group
	Average weight
	Dose for injection of O. niloticus CFU/ fish
	Dose for injection of Monosex tilapia CFU/fish

	
	
	S. faecalis
	S. faecium
	S. faecalis
	S. faecium

	1
	50 ± 8 g
	5X104
	5X104
	5X104
	5X104

	2
	50 ± 8 g
	5X105
	5X105
	5X105
	5X105

	3
	50 ± 8 g
	5X106
	5X106
	5X106
	5X106

	4
	50 ± 8 g
	5X107
	5X107
	5X107
	5X107

	5
	50 ± 8 g
	5X108
	5X108
	5X108
	5X108

	6
	50 ± 8 g
	Saline solution
	Saline solution
	Saline solution
	Saline solution


 

Table (2): biochemical testes for Streptococcus species.

	Test 
	S. faecalis
	S. faecium
	S. sp1.
	S. sp2.
	S. sp3.

	Gram stain
	+ cocci pairs & short chain
	+ cocci pairs & short chain
	+ cocci long chain
	+ cocci pairs & short chain
	+ cocci pairs & short chain

	Motility 
	-
	-
	-
	-
	-

	Growth on tryptic soy broth
	+
	+
	+
	+
	+

	Growth on tryptic soy agar
	Pen headed colony, white opaque colour circular, entire, raised edges and glistening   
	Very small pen headed colony to 0.1 mm, creamy white or yellowish white colour circular, entire, raised edges and glistening
	Very small pen headed white colour and not easily detected by eye and scanty growth
	Pen headed colony, white opaque colour circular, entire, raised edges and glistening   
	Circular, entire, raised edges 0.1 mm, creamy white in colour, opaque and glistening   

	Growth on MacConky agar
	Pink colony 
	-
	-
	-
	-

	Catalase 
	-
	-
	-
	-
	-

	Oxidase 
	-
	-
	-
	-
	-

	Growth at 10 ˚C
	+
	+
	-
	+
	+

	Growth at 45 ˚C
	+
	+
	-
	+
	+

	Growth at 6.5% NaCl
	+
	Variable 
	-
	-
	-

	Haemolysis on blood agar 
	α – or non*
	α – or non**
	- 
	α
	β

	Bile esculin
	+
	+
	-
	-
	-

	CAMP test
	-
	-
	-
	-
	-

	Sensitivity to optichin
	R
	R
	R
	R
	R

	Sensitivity to nalidixic acid
	S
	S
	S
	S
	S

	Sensitivity to vancomycin
	S
	S
	S
	S
	S

	Sensitivity to SXT
	S
	R
	S
	S
	S

	O/F
	F
	F
	F
	F
	F

	Hydrolysis of

	Argenin dihydrolase
	+
	+
	-
	+
	+

	Esculin hydrolysis
	+
	+
	-
	+
	+

	Hippurate hydrolysis
	+
	-
	-
	-
	-

	Pyrrolidone arylamidase 
	+
	+
	-
	+
	-

	Production of 

	Acetoin (Voges-Perskauer) 
	+
	+
	+
	+
	+

	α-galactosidase
	-
	+
	-
	+
	+

	β- galactosidase
	-
	+
	-
	+
	+

	β –glucuronidase
	-
	-
	+
	-
	-

	Indole production test 
	-
	-
	-
	-
	-

	Acid produced from

	Ribose fermentation
	+
	+
	-
	+
	+

	Arabinose fermentation
	-
	+
	-
	+
	+

	Mannitol fermentation
	+
	+
	+
	+
	+

	Sorbitole fermentation
	+
	-
	+
	-
	-

	Sucrose fermentation
	+
	+
	+
	+
	+

	Lactose fermentation
	+
	+
	-
	+
	+

	Trehelose fermentation
	+
	+
	+
	-
	+

	Inulin fermentation
	-
	+
	-
	-
	+

	Raffinose fermentation
	-
	+
	+
	-
	+

	Gelatin liquiaction
	-
	-
	-
	v
	-

	Glycogen
	-
	-
	-
	-
	-

	Citrate utilization
	+
	-
	-
	-
	-

	Leucin 
	+
	+
	+
	+
	+

	 O: oxidation      F: fermentation.             R: resistant.         S: Susceptible.

*71 isolates α haemolytic & 8 isolates non haemolytic.         ** 103 isolates α haemolytic & 12 isolates non haemolytic


Table (3): Prevalence of Streptococcosis among the examined fish.

 

	Fish species
	Number of examined fish
	Number of clinically diseased fish
	% of the diseased fish from the same species

	Oreochromis niloticus
	600
	103
	17.2

	Clarias gariepinus
	600
	165
	27.5


 

Table (4): Seasonal prevalence of Streptococcosis among Nile tilapia (O. niloticus) and African catfish (C. gariepinus). 

	Season 
	O. niloticus
	C. gariepinus

	
	No. of examined fish/season
	No. of infected fish/season
	% from examined fish/season
	No. of examined fish/season
	No. of infected fish/season
	% from examined fish/season

	Spring 
	150
	27
	18
	150
	45
	30

	Summer 
	150
	47
	31.33
	150
	81
	54

	Autumn 
	150
	20
	13.33
	150
	25
	16.67

	Winter 
	150
	9
	6
	150
	14
	9.33


 

 

 

 

Table (5): Prevalence of streptococcosis among Nile tilapia (O. niloticus) and African catfish (C. gariepinus) in relation to locality.

	Locality
	Tilapia (O. niloticus)
	Catfish (C. gariepinus)

	
	No. of examined
	No. of infected
	*% of infected
	No. of examined
	No. of infected
	*% of infected

	Domiata
	200
	35
	34
	200
	38
	23

	Sharkia
	200
	27
	26.2
	200
	59
	35.8

	Kafr El-Sheikh
	200
	41
	39.8
	200
	68
	41.8

	Total
	600
	103
	100
	600
	165
	100


*% of infected fish in relation to the total infected fish within species

 

Table (6): Distribution of Streptococcus isolates in clinically infected Nile tilapia (O. niloticus) and African catfish (C. gariepinus).
	Fish species
	Organ
	Total

	
	Kidney
	Liver
	Ascitic fluid
	Spleen
	

	
	No.
	%*
	No.
	%*
	No.
	%*
	No.
	%*
	No.
	%*

	O. niloticus
	33
	32.04
	31
	30.10
	27
	26.21
	12
	11.65
	103
	17.2

	C. gariepinus
	52
	31.51
	49
	29.7
	35
	21.21
	29
	17.58
	165
	27.5


%* from the infected fish in the same species.

	Dose

 

days
	No. of injected fish
	Number of dead  O. niloticus
	Number of dead Monosex tilapia

	
	
	5X104
	5X105
	5X106
	5X107
	5X108
	Control  
	5X104
	5X105
	5X106
	5 X107
	5X108
	Control

	1
	10
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	1

	2
	10
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	2
	-

	3
	10
	-
	-
	-
	2
	2
	-
	-
	-
	1
	2
	4
	-

	4
	10
	-
	1
	1
	2
	3
	-
	1
	2
	1
	3
	2
	-

	5
	10
	-
	1
	2
	3
	4
	-
	-
	-
	3
	2
	2
	-

	6
	10
	1
	2
	2
	1
	1
	-
	1
	3
	-
	2
	1
	-

	7
	10
	2
	1
	1
	-
	-
	-
	1
	-
	1
	-
	-
	-

	8
	10
	-
	1
	-
	1
	-
	-
	-
	1
	-
	1
	-
	-

	9
	10
	-
	-
	1
	1
	-
	-
	-
	-
	1
	-
	-
	-

	10
	10
	-
	-
	1
	-
	-
	-
	-
	-
	-
	-
	-
	-

	11
	10
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	12
	10
	1
	-
	-
	-
	-
	-
	-
	-
	1
	-
	-
	-

	13
	10
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	14
	10
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	15
	10
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Mortality rate
	 
	40%
	50%
	80%
	100%
	100%
	0%
	30%
	60%
	80%
	100%
	100%
	10 %


Table (7): Experimental infection of fish with different concentrations of Streptococcus faecalis:

Table (8): Experimental injection of fish with different concentrations of Streptococcus faecium:

	Dose

 

days
	No. of injected  fish
	Number of dead  O. niloticus
	Number of dead Monosex tilapia

	
	
	5X104
	5X105
	5X106
	5X107
	5X108
	Control
	5X104
	5X105
	5X106
	5X107
	5X108
	Control

	1
	10
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	2
	10
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	3
	10
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	2
	-

	4
	10
	-
	-
	2
	1
	3
	-
	1
	1
	1
	1
	3
	-

	5
	10
	-
	1
	-
	2
	4
	-
	-
	-
	1
	2
	2
	-

	6
	10
	-
	1
	1
	4
	2
	-
	-
	1
	-
	3
	2
	-

	7
	10
	-
	-
	1
	1
	1
	-
	-
	-
	2
	1
	-
	-

	8
	10
	-
	1
	-
	1
	-
	-
	-
	-
	1
	-
	1
	-

	9
	10
	-
	-
	-
	-
	1
	-
	-
	-
	1
	-
	-
	-

	10
	10
	-
	-
	1
	1
	1
	-
	-
	-
	-
	1
	-
	-

	11
	10
	-
	-
	-
	1
	-
	-
	-
	-
	-
	1
	-
	-

	12
	10
	1
	-
	1
	-
	-
	-
	-
	-
	-
	-
	-
	-

	13
	10
	-
	-
	-
	-
	-
	-
	-
	-
	1
	-
	-
	-

	14
	10
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	15
	10
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Mortality rate
	 
	10%
	30%
	60%
	100%
	100%
	0%
	10%
	20%
	70%
	90%
	100%
	0 %


 

 

 

 

Table (9): Sensitivity of the isolated Streptococcus spp to different chemotherapeutic agents.

	Antimicrobial agent
	S. faecalis
	S. faecium
	S. sp1.
	S. sp2.
	S. sp3.

	Amoxicillin 
	S
	I
	I
	R
	S

	Ampicillin 
	R
	R
	I
	R
	S

	Chloramephenicol 
	S
	S
	R
	S
	S

	Ciprofloxacin 
	R
	S
	S
	I
	S

	Erythromycin 
	R
	S
	S
	S
	S

	Kanamycin 
	R
	I
	S
	R
	R

	Tetracycline  
	R
	S
	S
	R
	S

	Penicillin 
	S
	S
	S
	R
	S

	Streptomycin 
	I
	S
	S
	R
	S

	Trimethoprim +Sulfamethoxazole 
	S
	R
	S
	S
	S

	Vancomycin 
	S
	S
	S
	S
	S

	Nalidexic acid
	S
	S
	S
	S
	S

	Optochin 
	R
	R
	R
	R
	R


I: Intermediate. R: Resistant.       S: Sensetive.
Table (10): Densitometeric analysis of bacterial cell protein

	Band Number
	Relative Front
	M. W. KD
	Standard
	S. faecalis
	S. faecium
	S. sp1
	S. sp2
	S. sp3

	1
	0.18
	118.408
	19.077
	24.577
	 
	 
	 
	14.669

	2
	0.20
	109.06
	41.123
	30.793
	 
	 
	 
	16.645

	3
	0.24
	96.021
	 
	66.317
	12.966
	 
	 
	22.677

	4
	0.25
	91.378
	71.05
	63.302
	 
	 
	 
	22.175

	5
	0.27
	84.79
	59.501
	67.261
	 
	19.957
	14.993
	32.13

	6
	0.29
	78.807
	73.024
	69.544
	 
	26.769
	20.085
	36.879

	7
	0.31
	73.029
	54.937
	58.456
	17.585
	27.078
	22.531
	29.976

	8
	0.35
	63.587
	70.948
	 
	15.994
	27.198
	21.653
	33.613

	9
	0.38
	57.694
	90.508
	91.142
	21.465
	34.749
	32.336
	47.569

	10
	0.39
	54.72
	95.302
	94.477
	 
	41.688
	39.003
	54.084

	11
	0.44
	48.951
	92.745
	88.89
	17.489
	25.246
	19.372
	76.903

	12
	0.49
	44.035
	84.438
	81.565
	11.12
	 
	22.043
	39.943

	13
	0.55
	38.952
	69.487
	66.466
	10.598
	26.411
	29.782
	28.323

	14
	0.56
	38.381
	66.916
	61.516
	 
	34.91
	 
	42.053

	15
	0.59
	35.208
	55.944
	49.721
	11.864
	50.174
	49.563
	42.563

	16
	0.63
	32.044
	 
	39.077
	12.872
	34.37
	29.22
	43.286

	17
	0.66
	29.939
	40.645
	21.438
	8.832
	43.454
	36.95
	14.475

	18
	0.71
	27.271
	25.002
	 
	 
	31.991
	25.643
	 

	19
	0.74
	25.856
	12.953
	10.517
	5.095
	 
	21.652
	 

	20
	0.76
	25.172
	5.921
	9.622
	 
	17.877
	 
	4.392

	21
	0.82
	22.476
	14.083
	16.861
	 
	14.768
	16.519
	10.26

	22
	0.87
	20.277
	42.76
	37.848
	8.973
	41.341
	44.365
	32.467

	23
	0.93
	18.21
	75.484
	77.012
	21.489
	85.506
	91.287
	28.757

	24
	0.95
	17.603
	89.578
	112.44
	69.189
	115.672
	105.845
	78.296

	 
	24.00
	24
	22
	22
	14
	18
	18
	22


Table (11): Similarity coefficient among species by protein electrophoresis

	 Strain
	Standard
	S. faecalis
	S. faecium
	S. sp1.
	S. sp2.

	S. faecalis
	0.83
	 
	 
	 
	 

	S. faecium
	0.50
	0.58
	 
	 
	 

	S. sp1.
	0.75
	0.67
	0.58
	 
	 

	S. sp2.
	0.75
	0.67
	0.75
	0.83
	 

	S. sp3.
	0.83
	0.92
	0.58
	0.75
	0.67
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Fig. (1): Dendrogram among species by protein electrophoresis.
 

Table (12): The polymorphic bands, shared and total bands in relation to the type of primer used for Streptococcus identification:

	Serial number
	Primer code No.
	No. of polymorphic bands
	No. of shared bands
	Total No. of bands.

	1
	OP.A- 02
	8
	1
	9

	2
	OP.A- 09
	5
	0
	5

	3
	OP.A- 10
	7
	0
	7

	4
	OP.Z-01
	4
	1
	5

	5
	OP.B-02
	6
	0
	6

	6
	OP.C-01
	3
	3
	6

	7
	OP.C-04
	6
	1
	7

	8
	OP.C-06
	4
	3
	7

	9
	OP.A- 11
	6
	1
	7

	10
	OP.O-20
	5
	1
	6

	Total
	10
	54
	11
	65


NB.: The genome of Streptococcus faecalis was recently sequenced. The main chromosome is 3,218,031 bp long with 3,182 open-reading frames. (Clarke, 2002)

The genome of Streptococcus faecium was not completed. The known genome is 2848380 bp long. (GenBank. 2005.)

Table (13): Similarity coefficient among Streptococcus species with total of primer:

	Strain 
	Standard
	S. faecalis
	S. faecium
	S. sp1.
	S. sp2.

	S. faecalis
	0.96
	 
	 
	 
	 

	S. faecium
	0.74
	0.75
	 
	 
	 

	S. sp1.
	0.60
	0.61
	0.65
	 
	 

	S. sp2.
	0.61
	0.62
	0.75
	0.68
	 

	S. sp3.
	0.64
	0.67
	0.78
	0.64
	0.79
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Fig. (2): Dendrogram using average linkage from total of primers data among Streptococcus species.

Table (14): Similarity coefficient between Streptococcus species with total of data (primers and protein).
	 Strain
	Standard
	S. faecalis
	S. faecium
	S. sp1.
	S. sp2.

	S. faecalis
	0.94
	 
	 
	 
	 

	S. faecium
	0.69
	0.72
	 
	 
	 

	S. sp1.
	0.63
	0.62
	0.63
	 
	 

	S. sp2.
	0.64
	0.63
	0.75
	0.72
	 

	S. sp3.
	0.68
	0.72
	0.73
	0.66
	0.76
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 Fig. (3): Dendrogram using average linkage from total of data (primers and protein) among Streptococcus species.

List of Photos 
Photo (1): O. niloticus naturally infected with Streptococcus spp. showing skin ulceration and tail fin erosion.

Photo (2): C. gariepinus naturally infected with Streptococcus spp. showing haemorrhagic ulcers and haemorrhages in the base of the fins.
Photo (3): O. niloticus naturally infected with Streptococcus spp. showing sever exophthalmia and congestion of the eyes.

Photo (4): O. niloticus naturally infected with Streptococcus spp. showing congestion of the eyes and corneal opacity.

Photo (5): O. niloticus naturally infected with Streptococcus spp. showing different stages of corneal opacity until complete destruction of eye.

Photo (6): O. niloticus naturally infected with Streptococcus spp. (A) haemorrhage at the base of dorsal fin, (B) inflammation and congestion of the anal opening and (C) vertebral column deformities.
Photo (7): O. niloticus naturally infected with Streptococcus spp. showing pale liver or brownish liver and distended gall bladder and haemorrhage on the skin.

Photo (8): C. gariepinus naturally infected with Streptococcus spp. showing empty intestine and enlarged kidney.
Photo (9): SDS-PAGE of bacterial cell protein.   

Photo (10): Agarose gel electrophoresis of amplified RAPD-PCR products with primers A2, A9, A10.

Photo (11): Agarose gel electrophoresis of amplified RAPD-PCR products with primers Z1, B2.
Photo (12): Agarose gel electrophoresis of amplified RAPD-PCR products with primers C1, C4, C6.

Photo (13): Agarose gel electrophoresis of amplified RAPD-PCR products with primers A11, O20.
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