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ABSTRACT

The occurrence and distribution of pathogenic vibrios and olher related species
in skin, gut and gills of shaoor fish {Lethninus nebulosus) from the east coast of Egypt
were studied. Microorganisms were enumerated using the most probable number
(MPN) technique. Isolated species were identified using APl 20E and BIOLOG
biotyping systems. In skin samples, the highest incidence was observed for
Asromonas media-like DNA group 5 (70% of the samples). Vibrio damsele and
V. anguillarum were the most frequently isolated species from gut (70%}) and gills
(50%), respectively. Vibrio cholera was detected in both skin and gilis at the frequency
of 5%, each. Vibrio carchanae was only present in 5% of the gills samples, whereas
V. alginofyticus was only detected in skin samples at the same frequency. The high
incidence of vibrios highlights potential risks of food borne diseases associated with
the consumption of raw or undercooked fish.
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INTRODUCTION

Vibrios are natural inhabitants of aquatic environments and marine
species are transmitted to humans via consumption of raw or undercooked
seafoods (Matte et al, 1994). Vibrio is a large genus of the vibrionaceae
family and containing 28 species as well as numerous biotypes and
chemovars (Oliver, 1985). At least 11 species are known as pathogenic to
humans (Hackney and Dicharry, 1988). These species include:
Vibrio alginolyticus, V. cholera, V. cincinnatiensis, V. damsela, V. fluvialis,
V. furnissii, V. hollisae, V. metschnikovii, V. mimicus, V. parahaemolylicus,
and V. vuinificus. Vibrios cause a variety of diseases including gastroenteritis,
wound infection, ear infection and primary and secondary septicemia (Morris
and Black, 1985, Wong et af,, 1995). Out of the 11 formentioned Virbio
species, only 6 are associated with food borne diseases: V.
parahaemolyticus, V. vuinificus, V. mimicus, V. hoilisae, and V. furnissii
(Hackney and Dicharry, 1988). Several studies on vibrios in seafocds have
been reported (Kaysner ef &f, 1990; Matte of al., 1994, Wong ef &/, 1995,
Shih et al., 1996; Buck, 1998; Sanjeev et al,, 2000; and Cavalio and Stabifi,
2002).

Since, seafocds are becoming important commodities in the Egyptian
diet and since, the risk-linked to Vibrio species, through the consumption of
seafoods, was poorly evaluated. Therefore, this investigation was mainly
initiated to study the incidence of pathogenic vibrios and other related species
in one of the most popular fish type, Shacor (Lethrinus nebulosus) from the
Egyptian Red Sea fisheries.
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MATERIALS AND METHODS

Fish samples

Twenty samples of whole fresh shaoor fish (Lethrinus nebulosus) from
the Egyptian Red Sea fisheries were collected from different retail outlets in
Cairo city. Each sample consisted of 2 fish and the average weight of
individual fish was 1.0 kg. Samples were transported to the laboratory under
aseptic conditions in crushed ice and analyzed immediately.

Reference microorganisms

Cultures of Vibrio alginolyticus (17749), V. fluvialis (33808), V. furnissii
(35018), V. hollisae (33564), V. mimicus (33653), V. parahaemolyticus
(17802), and V. vulnificus (27562) were originaly obtained from the American
Type Culture Collection (ATCC), Rockville, Maryiand, USA. Stock cultures
were maintained on Tryptic Soy Agar, TSA (Difco Laboratories, Detroit,
Michigan, USA) containing 3% NaC!l. Cuitures were aerobically grown at
37°C (except V. hollisae and V. vulnificus at 30°C) for 24 h and refrigerated
(4°C} until used. Cultures were transferred each two weeks for activation.

Bacterlological analysis

All bactericlogical analysis were preformed on fish skin, gut and qilis.
Duplicate samples {(ca. 50 g each) were homogenized for 2 min. in Waring
Blender with sterile saline (0.85% NaCl) to give final difution of 1.10.

Psychrotrophic microbial count

After homogenization, samples were then serially dilutec using the
same sterile diluent. From the appropriate dilutions, 0.1ml was spread plated
on TSA. Plates were incubated at 7°C for 10 days (Cousin et al., 1992) and
colonies were counted and expressed as logsg psychrotrophic colony forming
units (Logse CFU/G).

Vibrio spp Isolation and enumeration

Isofation and enumeration of vibrics were conducted in accordance
with the Bactericlogical Analytical Manual (Twedt and Stelma, 1984). Three
10 mi portions of the 1 : 10 dilution of fish samples were inoculated into three
tubes containing, 10 ml double strength alkaline peptone water (APW). Three
1 mi} portions of 1:10, 1: 100 and 1 : 1000 or higher dilutions were inoculated
into single strength APW. Tubes were incubated overnight (18-24 h) at 35°C.
After incubation, tubes showing growth were streaked onto thiosuifate citrate
bile salts sucrose agar, TCBS (LAB-M, England) and incubated overnight at
35°C. Representatives from each colony type were selected according to
color, shape and size. Isolates were purified by streaking on TSA piates
supplemented with NaCl to a final concentration of 3%, and incubated at
35°C for 24 h. The isolated pure strains were then tested for oxidase reaction
and identified using the APl 20E identification system (API, BioMerieux,
France) and the BIOLOG microstation identification system (Biolog, Hayward,
CA, USA). Supplemental tests such as growth in Tryptic Soy Broth, TSB
(Difco Labs, Detroit, Michigan, USA) containing 0 or 6% NaCl, and production
of gas from glucose using phenol red glucose broth (Difco labs, Detroit,
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(Difco Labs, Detroit, Michigan, USA) containing 0 or 8% NaCl, and production
of gas from giucose using phenol red glucose broth (Difco labs, Detroit,
Michigan, USA) were used when necessary. When the isolated colonies were
finally identified, they were referred to the original positive diiutions in the
APW enrichment broth and the 3-tube most probable number (MPN) tables
{Barnard and McClure, 1984) were used for final enumeration of organisms.

identification systems

AP| 20E system. Inocula were prepared from young {18-24 h) cultures
grown on TSA supplemented with 2.5% (W/N) NaCl and cell suspensions, in
0.85% NaCl, were prepared according to the manufacture’s instructions.
Again identification steps were carried out as indicated by the manufacturer.

BIOLOG system. Cultures were grown for 18 h at 30°C (for V. hollisae and
V. wuinificus) and at 37°C (for other vibrios) on TSA suppiemented with 2.5%
{(W/V) NaCl. lnocula were prepared in a prewarmed (34°C) saline, and the
density of cells was adjusted to give a transmittance level of 53% to 59%
using the Biolog turbidimeter (3iolog Inc, Hayward, CA, USA). The Biolog-GN
microplates (96 prelcaded wells) were then directly inccutated with 150 ul /

~ well of cell suspension using 8-channel repeating pipetter. Micropiates were

incubated at 34°C for 4 to 6 hor 24 h and readings were measured by the
Biolog microplate reader using Microlog software for automated readings.

pH measurement

Duplicate samples of fish flesh (10 g) from each fish were
homegenized in 20 mi distilled water for 2 min. The pH of the resultant slurry
was then measured using Orion mede! 301 pH meter {Orion Research, USA).

RESULTS AND DISCUSSION

The fresh fish used in this study was of acceptable quality since its pH
measurements indicated a fevel of 6.36 as an average. The maximum
obtained reading was 6.78, while the lowest was 8.18. Frazier (1958) stated
that the pH of fish flesh plays an important role on its perishability because of
its influence on bacterial growth. He also indicated that the lower the pH of
fish flesh, the slower the fish spoitage.

Psychrotrophic microbial count.

Healthy fish flesh is considered bacteriologically sterile and the highest
contaminations of microorganisms in fish are found in intestine, gills, and
surface slime (Nickelson Il and Finee, 1992). It was also stated that the
numbers and types of microorganisms found on freshly caught fish are
influenced by the geographical location of the catch, the season and the
method of harvest. Populations of psychrotrophic bacterial count {(Log CFU/g)
in fish skins, guts and gills are presented in Table 1. A mean value of 8.35
Log CFU /g skin was obtained. The maximum and the minimum values were
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microorganisms associated with the slime coal of living fish. These numbers
may range up to thousands per gram of cm? of skin surface. For gut samples,
obtained results (Table 1) indicate an average bacterial foad of 8.77 log
CFU/g gut. The maximum and the minimum values were 7.72 and 5.63 log
CFU/g, respectively. Ayres ef af, (1980) reported that intestinal
microorganisms may reach up to 64 million/g. Finally, data in Table 1 show a
high bacterial load in gills (8.29 log CFU/g qills). Much lower values were
reported by Ayres et al., (1980) with a range of 1.6 x 10° to 2.2 x 10° CFU/q.
For almost all tested fish samples, much higher viable cell counts were
obtained in the presant study compared to those reported by Ayres et al,,
(1980). Their data were obtained based on living fish (immediately after fish
catch), whereas in the present study there was a significant time elapse
between fish catch and sample collection and analysis. Certainly, such time
allowed an extra growth of microorganisms originally contaminating fish. In
addition, a possible microbial contamination and growth during fish handing
and storage, delay in refrigerated storage and fluctuations in storage
temperature could be considered to explain the above mentioned differences
in viable cell counts.

Table {1): Total psychrotrophic count (Log,, CFU/g) of fresh fish

(n= 20).
Logw CFU’Q
Skin Gut Gills
Maximum 9.5 7.72 9.52
Minimum 7.34 5.63 7.1
Mean + SD 8.35 x 0.51 6.77 £ 0.52 8.29 + 0.56

n = number of samples.

Identification of vibrios

Typing of bacteria involves characterization below the species leve! to
enable subdivisicn into subgroups or types. A wide variety of typing methods
exist, based on characterization of different properties of the bacteria. Such
methods include : ribotyping (Austin et al., 1997), serotyping {Larsen ef a/.,
1994), determination of outer membrane proteins {Lambert, 1986 and Austin
et al., 1997), determination of lipopolysaccharides {Kittelberger and Hilbink,
1893), plasmid typing {Rochelle et al, 1885 and McCarthy et al., 2000),
biotyping with APl 20E system (Austin ef al., 1995 and 1987), biotyping with
BIOLOG-GN fingerprints (Kuhn et al., 1996) and the PHENEPLATE system
{Mgllby et al., 1993).

In this research, biotyping with APl 20E as well as BIOLOG systems
were examined using seven reference vibrio strains (Table 2). Close
identification results were obtained for both systems, with the exception that
APl 20E systemn identified Vibrio fluvialis as Aeromonas hydrophila / cavias
instead. It was also found that Vibrio furnissii was not listed in the API 20E
system data base. Vibrio metschnikovii differs from all other vibrios in its lack
of cytochrome oxidase (Lee et a/, 1978). Since BIOLOG system doesn't
consider such test, therefore, isolates identified by BIOLOG system as
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of cytochrome oxidase (Lee ef al, 1978). Since BIOLOG system doesn't
consider such test, therefore, isolates identified by BIOLOG system as
V. metschnikovii were examined for their oxidase activities. It was found that
all V. metschnikovii isolates were oxidase positive and were reidentified as V.
cholera by APl 20E system. Both APl 20E and BIOLOG are identification
systems based on biochemical reactions of tested isolates. The obtained
differences between such methods were parily due to the fact that the data
were differently analysed.

Tabhle (2): Accuracy verification of the used identification systems.

Ref. strain System

{ATTC #) API20E BIOLOG

V. mirnicus (33653) V. mimicus V. mimicus

V. parahaemolyticus  (17802) V. parahaemolticus V. parahaemolyticus
V. fluvialis {33809) A. hydr./ caviae V. fluvialis 1

V. hollisae (33564) V. hollisae V. hollisae

V. alginolyticus (17749) V. alginolyticus V. alginolyticus

V. furmissii {(35016) Not listed V. fumissi

V. vuinificus (27562) V. vuinificus V. vulnificus

Distribution of Vibrio species in shaoor fish.

Distribution of vibrios and related microorganisms was evaluated in
skin, gut and gilis of shaoor fish. in skin, the highest incidence was observed
for Aeromonas media-like DNA group 5 (70% positive samples), followed by
V. anguiflarum {15%), V. damsela (10%), A. trofa DNA group 13 {10%),
V. alginolyticus (5%), V. cholera (5%) and V. fluvialis | {(5%) (Table 3).

Table (3): Most probable number (MPN) and frequency of virbrios and
related species isolated from skin of shaoor fish from the
Egyptian Red Sea fisheries. (n = 20)

MPN index /g
Species Max. Min, Frequency {%)
V. anguillarum 38x10° 40x10° 15
V. damsela 4.0x10° 40x10° 10
V. alginolyticus 40x 10 4.0x 10 5
V. cholera 40x10° 4.0x10° 5
V. fluvialis 1 40x10° 4.0x10° 5
A. media-like DNA group 58 >1.1x10° 4.0 x10? 70
A. trota DNA group 13 3.ox10° 3.0x10° 10

n = number of samples

Table 4 shows the MPN and the distribution frequency of vibrios and
related species in shacor's gut. While, A. media — ilike DNA group 5 was the
major bacterium contaminating fish skin, V. damsela was the predominant in
gut (70% positive samples). Vibrio anguilfarum, A. media-like DNA group 5
and A frota DNA group 13 were aiso recovered at 35 10 and 5%,
respectively, in tested samples.
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Table (4): Most probable number (MPN) and frequency of vibrios and
related species Isolated from gut of shaoor fish from the
Egyptian Red Sea fisheries. (n=20).

MPN index /g

Species Max. Min.Frequency (%)
V. damsela 1.7 x 107 4.0x10° 70
V. anguillarum 1.5x%x10° 3.0 x 10° 35
A. media- like DNA group 58 9.3x 10° 9.3 x 10° 10
A. trota DNA group 13 4.0 x 10° 4.0 x10* 5

n = number of samples

In gills (Table 5), V. anguillarum exhibited the highest distribution
(50%). Vibrio damsela and A. media -like DNA group 5 were the following
most frequently isolated species (35%, each), although A. frota DNA group
13, V. cholera, V. fluvialis 1 and V. carchariae were also recovered at 10, 5, 5
and 5%, respectively.

Table {5): Most probable number (MPN) and frequency of vibrios and
related species isolated from gilis of shaoor fish from the
Egyptian Red Sea fisheries. (n=20)

- MPN index I‘ .NFre uenc %
Species Max. %Tin. 9 y (%)
V. anguiflarum 15x 10° 4.0x10° 50
V. damsela 1.1x10° 4.0x10° 35
V. cholera 1.5x10° 1.5x10° 5
V. fluvialis 1 7.0x 10° 7.0x10° 5
V. carcharise 3.0x10° 3.0x10° 5
A. media-iike DNA group 58 1.1x10" 40x10° 35
A. trota DNA group 13 4.0x10° 30x10° 10

n = number of samples

The population of each species, determined as MPN [ g, varied widely
according to the tested part of the fish as well as to the retail outlet, the fish
were purchased from (Tables 3,4,5). For exampie, A. media-like DNA group 5
ranged from (4.0 x 102to > 1.1 x 106), (9.3 x 103 t0 9.3 x 104) and (4.0 x 102
to 1.1 x 107) MPN/g) in skin, gut and gills, respectively. Vibrio damsela
ranged from (4.0 x 102 to 1.7 x 107 MPN/g) within gut samples and from (4.0
x 102 to 1.1 x 106 MPN/g) within gills samples. On the other hand, the 2
positive skin samples, for the presence of such organism, carried equal
number of cells (4.0 x 103 MPN/Q). in gills, V. anguiliarum the predominant
organism (50% positive samples) ranged from (4.0 x 103 to 1.5 x 105
MPN/g). Such range increased in skin and gut samples reaching (4.0 x 102 to
3.9x105) and (3.0 x 102 to 1.5 x 106 MPN/g), respectively.

CONCLUSIONS

Both AP! 20E and BIOLOG systems were proven to be reliable mean
for the identification of very close species of bacteria. The high incidence of
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virbios and other related species indicates the potential risks of food borne
diseases associated with the consumption of raw or undercooked fish. Good
handling of fish after harvesting, good refrigerated transporation and storage
will greatly reduce such risks. More studies are needed to evaluate the
presence of such hazardous microorganisms in other types of fish and
seafood from the Egyptian Red Sea fisheries.

REFERENCES

Austin, B.; M. Alsina; D.A. Austin; A R. Blanch; F. Grimont; P.A.D. Grimont, J.
Jofre; S. Koblavi; J.L. Larsen; K. Pedersen; T. Tiainen; L. Verdonck
and J. Swings (19985). Identification and typing of Vibrio anguillarum: a
comparison of different methods. System. Appl. Microbiol., 18 : 285-
302.

Austin, B.; D. Austin; A. Blanch; A.R. Cerda; M. Grimont; F. Grimont; P.A.D.
Jofre; J. Koblavi; S. Larsen; J.L. Pederson; K. Tiainen; T. Verdonck; L.
and J. Swings (1997). A comparison of methods for the typing of fish-
pathogenic Vibrio spp. System. Appl. Microbiol., 20: 89. 101.

Ayres, J.C.; J.O. Mundt and W.E. Sandine (1980). Microbiology of Foods.
441-476. Freeman and Company, San Francisco, USA.

Barnard, R.J. and F.D. McClure {1984). Most probable number determination.
In: Bacteriological Analyticai Manual, 8" ed. P. Il 1-19. Association of
Official Analytical Chemists, VA, USA.

Buck, J.D. (1988). Potentially pathogenic Vibirio spp. in market seafood and
natural habitats from southern New England and Florida. J. Aqua.
Food Product Technol,, 7 (4): 53-61.

Cavallo, R.A., and L. Stabili {2002). Presence of vibrios in seawater and
Mytitus galloprovincialis (lam.) from the Mar Piccolo of Taranto (lonian
Sea). Water Res., 36 (15). 3719-3726.

Cousin, M.A; JM. Jay and P.C. Vasavada (1992} Psychrotrophic
microorganisms. In: Compendium of Methods for the Microbiological
Examination of foods, 3° ed. C.Vanderzand and D.F. Spiitistoesser
(eds.). P. 153-168. American Public Health Association, Washington,
D.C.

Frazier, W.C. (1958). Food Microbiology. 286-290. McGraw-Hill Book
Company, Inc. NY, USA.

Huckney, C.R., and A. Dicharry {1988). Seafood-borne bacterial pathogens of
marine origin. Food Technot., 42 (March): 104-109.

Kaysner, C.A. Jr C. Abeyta; R.F. Stott; M.H. Krane and M.M. Wekell (1990).
Enumeration of Vibrio species, including V. cholerae, fram samples of
an oyster growing area, Grays Harbor, Washington. J. Food Prot., 53
(4} 300-301, 311.

Kittelberger, R. and F.Hilbink (1993). Sensitive silver staining detection of
bacterial lipopolysaccharides in polyacrylamide gels. Siophys. Methods
26:81-86.

6253



Bazaraa, W.A.

Kuhn, 1.; B. Austin; D.A. Austin; Blanch; P.A.D. Grimont; J. Jofre; S. Koblavi;
J.L. Larsen; R. Molloy, K. Pedersen; T.Tiainen; L.Verdonck and J.
Swings (1996). Diversity of Vibrio anguiffarum isolates from different
geographical and biological habitats, determined by the use of a
combination of eight different typing methods. System. Appl. Microbiol.,
19: 442-450.

Lambert, P.A. (1986). Isolation and purification of outer membrane proteins
from gram negative bacteria. In: Bacterial Cell Surface Techniques. |,
Hancock and [, Boxton (eds.). P. 110-125, John Willey and Sons,
Chichester, England.

tarsen, J.L., K. Pedersen and |[. Dalsgoard (1994). Vibric anguillaum
serovars associated with vibriosis in fish. J. fish Dis., 17: 259-267.

Lee, J.V.; T.J. Donovan and A.L. Furniss {1978). Characterization, taxonomy,
and amended description of Vibrio metschnikovii iat. J. Syst.
Bacteriol., 28 : 99-102.

Matte, G.R.; M.R. Matte; 1.G. Rivera and M. T. Martins (1994). Distribution of
potentially pathogenic vibrios in oysters from tropical region. J. food
Prot,, 57 (10): 870-873.

McCarthy, S.A.; A. DePaola; D.W.Cook; C.A. Kaysner and W.H. Hill (2000).
Evaluation of nonisatopic DNA hyperdization methods for detection of
the tdh gene of Vibrio parahaemolyticus. J. food prot., 63 (12): 1660-
1664.

Mallby, R.; L Kohn and M. Katouli (1993). Computerized biochemical
fingerprinting - A new tool for typing of bacteria. Reviews Med.
Microbiol., 4: 231 - 241.

Morris, J.G.; Jr. and R.E. Black (1985): Cholerae and other vibricses in the
united states. N. Engl. J. Med., 312 : 343-350.

Nickelson li, R. and G. Finne (1992). Fish, crustaceans, and precooked
seafoods. In: Compendium of Methods for the Microbiological
Examination of foods, 3 ed. C. Vanderzand and D.F. Splittstoeser
(eds.). P. 875-895. American Public Health Association, Washington,
B.C.

Oliver, J.D. (1988). Vibrio: an increasingly troublesome genus. Diagn. Med., 8
14349,

Rochelle, P.A. J.C. Fry; M. J. Day and M.J.Bale {1985). An accurate method
for estimating sizes of small and large plasmids and DNA fragments by
gel electrophoresis. J. Gen. Microbiol., 132: §3-59.

Sanjeev, S.; PRG. Varma and TSG.lyer {2000). Incidence of pathogenic
halophilic vibrios in frozen fish products. Fishery Technol., 37 (1): 31.
35.

Shih, D.Y.C,; C.L. Lai; C.R. Chen and J.Y. Wang (1996). Occurrence of
Vibrio parahaemoiyticus in imported aquatic foeds from mainland
China. J. food. Drug Anal., 4 (3): 239-248.

Twedt, R.M, and G.N. Stelma (1984). Recovery of Vibrio parahaemolyticus
and related halophitic vibrios. In: Bacteriological Analytical Manual, 68"
ed. P. 12.01-12.10. Association of QOfficial Analytical Chemists, Virginia,
USA.

6254



J. Agric. Sci. Mansoura Univ., 28(8), August, 2003

Wong, H.C.; LL Chen and C.M.Yu(1985). Qccurrence of vibrios in frozen
seafoods and survival of psychrotrophic Vibrio cholerae in broth and
shrimp homogenate at low temperature. J.Faod prot., 58 (3): 263-267.

25 e 4l £ 5005 Al yal) g bl Sy 22l g gl
Tl pean by snd paa¥l sl duas (o A U

48 ) 2eab it

Cpoaadt — AL Anals — At y30 AN - A8 Slsluall sl

b A2 £ 1y Bl gyl S 2205 53e Tk 3 5 daneh L (B
Ey e A peaad D aball e B Uyl ot ppla 5 clady 25l
iy aall gt a5 S Yl S ) Ay g phaasuly iy Ssall 528 20
%oV b 22158 Sy Sl e Al g Aeromonas media-like group 58
L V. anguillarum 5 Vibrio damsela s S 1S Laby o sl JER T N
sl e o 8 S I e (%00) andlad, (%Y +) eleuatl) i (G il
3pay 0f g s lagie JSI %0 dady ma2ldly el Sie (3 V. cholera s S
V. ysSse U e Loain i) o %0 Aoy 5 i padliad $ V. carchariae
i g Sl D g A R ity B e e e alginOlytiCUS
) e S Al AP0 al Yt Capoal Aldiaal 5 ) kil e o gl Al
Fobll B2 el g

6255



