














































































36 

Some Tests used in the Identification of Vibrio species 

Some Tests used in the Identification of Vibrio species 

Colony appearance 

Luxuriant growth on the highly selective culture media 
formulated for Vibrio spp. is the first indication that an isolate 
is a member of the genus. Vibrio colonies on TCBS agar are 
from 2 to 5 mm diameter but can vary in appearance and 
more than one type may be present in a culture. The colour of 
the colony is an initial indication of a species; species are 
divided into two major groups: those that ferment sucrose and 
form yellow colonies and those that do not and consequently 
the colonies retain the blue-green colour of the medium. The 
colour of colonies produced by different species is given in 
the description of TCBS agar on page 22. Information about 
the appearance of colonies produced on other media 
described in this monograph may be found on the 
appropriate page or, if required, the original publication 
should be read. 

Microscopic appearance (see page 2) 

Vibrios appear by Gram-stain as short Gram-negative rods. 
The curvature of the rods typical of vibrios may sometimes be 
absent and should not be relied upon as a diagnostic feature. 

Wet preparations of Vibrio cultures are usually motile but 
motility may be absent or poor in strains grown under sub­
optimal conditions. When present, the motility has a 
characteristic appearance. 

Requirement for salt 
The necessity for increased levels of salt in culture media is a 
key feature in identification because it distinguishes between 
two major groups known as halophilic and non-halophilic 
vibrios. Non-halophilic species are able to grow even when 
sodium chloride is absent whereas the halophilic species 
always require salt and very high concentrations are tolerated 
by some. The requirement for salt is probably most 
conveniently tested by culturing on CLED agar which is free of 
sodium chloride. Halophiles fail to grow on this medium. 
Tolerance of the different species towards a range of salt 
concentrations can be used as an identifying marker and may 
be determined by inoculating peptone water (most usefully, 
made from tryptone) containing sodium chloride 
concentrations of 0% to 10%. 

Almost all diagnostic culture media require additional salt 
when used for identification of the species of Vibrio. 

Oxidase test 
Species of Vibrio that require only low quantities of salt may 
grow on the usual laboratory media for Enterobacteriaceae. 
Consequently the oxidase test is a key one to distinguish 
Vibrionaceae from other enteric pathogens. 

Oxidase tests must not be conducted directly on media 
containing fermentable carbohydrates. Yellow colonies taken 
from TCBS agar give unreliable results and colonies should 

Positive (left) and negative (right) oxidase tests using oxidase touch sticks 
BR64 

be subcultured to a carbohydrate-free medium before the test 
is done. Because of the inevitable delay in identification, 
faster procedures have been developed1. However, these 
tend to be technically laborious and still require a minimum 
time of 3 hours for growth to occur in a medium lacking 
carbohydrate. Further progress has been made in minimising 
the time required with the development of a 1-minute test in 
which colonies taken from TCBS agar are suspended in TRIS­
HCI buffer in a tube and Kovac's reagent added to the 
contents2. 

Susceptibility to 0129 (2, 4-diamino-6,7-di-isopropyl­
pteridine) 
The susceptibility of vibrios to 0129 has long been 
recognised3 For practical reasons it is more usual now to use 
the water-soluble derivative 2-4-diamino-6, 7 -di-isopropyl­
pteridine phosphate. 

Oxoid diagnostic discs DD14 and DD15 are used in an agar 
diffusion susceptibility test to differentiate vibrios from 
Aeromonas spp. which are resistant to 0129. 

The degree of susceptibility of different Vibrio species to 0129 
may be used as an aid to their identification4 Paper discs 
impregnated with 10 and 150 are used. Sensitive 
strains show zones of inhibition around both discs and strains 
that are only partially sensitive show zones around the 150 
disc only. Nutrient agar should be used in the test. 
Specialised susceptibility test media such as lsosensitest 
agar must not be used because their low sodium chloride 
content discourages growth of halophilic species and might 
encourage growth of Enterobacteriaceae resulting in false­
positive tests. 

Susceptibility to 0129 is not limited to Gram-negative 
organisms; Bacillus spp. and enterococci may be inhibited by 
the concentrations used although their different microscopic 
and colonial appearances should normally ensure that they 
are not tested. Incubation at 41 .5° may be effective in 
preventing growth of non-vibrio, 0129-positive Gram-negative 
organisms and reduce the number of false-positive tests. 

Strains of Vibrio cholerae resistant to 0129 have been 
reported5 , probably arising originally from clinical cases 
because strains resistant to 0129 are also resistant to 
trimethoprim. This cross-resistance has a genetic basis and is 
transferrable6. 

Susceptibility of V. cholerae to 0129 discs 0014 and 0015. 150 >'g (left) 
and 10 >'9 (right). 



Susceptibility to 0129 cannot now be considered an entirely 
reliable test for identifying vibrios. However, alternative simple 
tests have been suggested5 to differentiate vibrios from 
aeromonads and pseudomonads which also are oxidase­
positive. 

Fermentation tests 

Peptone water sugars used for these tests require 
supplementation with 1% of sodium chloride. Lactose, 
arabinose, mannose, cellobiose and raffinose are useful for 
distinguishing the species of Vibrio but other carbohydrates 
useful for distinguishing members of the Enterobacteriaceae 
have little or no value for identifying vibrios. 

Indole test 

Kovac's indole reagent is used to test 24 hour cultures. This 
test is probably best conducted on the culture showing best 
growth in the salt-tolerance test. 

Haemolysis 

Many species of Vibrio cause haemolysis on horse-blood 
agar. Haemolysis of sheep cells is a test used to distinguish 
classical and El Tor biovars of V. cholerae. The Kanagawa test 
is a specialised test in which human red blood cells are used 
to recognise V. parahaemo/yticus. 

Differing degrees of haemolysis by isolates can be used in 
their identification as species but unless tests are rigidly 
standardised and controlled the results are unreliable. The 
agar plate method devised by Sakazaki8 is convenient and 
reproducible. Details of its application and the results that can 
be expected are given by Furniss and colleagues4 . 

Chick red cells are used in a haemagglutination test to 
distinguish classical and El Tor biovars of V. cholerae. 

The Kanagawa Reaction for Virulent V. parahaemolyticus 

Results of this test are valid only if isolates are tested for 
haemolysis on Wagatsuma agar. 

Positive results are indicated by clear zones of haemolysis 
around the colonies. Tests must be conducted strictly 
according to procedure and adequately controlled with a 
positive strain. 

The Kanagawa Reaction. Photograph of a positive test indicating a virulent 
strain of V parahaemolyticus reproduced with permission from Foodborne 
Pathogens: An Illustrated Text. Manson Publishing, 1996, ©A. H. Varnam, 
M. G. Evans, 1991, 1996 

Wagatsuma agar 

Formula 

Yeast extract 
Tryptone 
Sodium chloride 
Mannitol 
Crystal violet 
Water 
pH 7.5 

grams/ 
litre 

5 
10 
70 

5 
0.001 

1000 ml 

Suggested Oxoid 
products 

Yeast extract L21 
Tryptone L42 
Sodium chloride L5 

Agar bacteriological L 11 

Sterilise the medium by autoclaving and cool to 50°C. Add 
10 m! of a 20% suspension of washed fresh human red blood 
cells to 100 ml of medium. 

Procedure7 

1. Inoculate plates of Wagatsuma agar with overnight broth 
cultures. Multiple tests may be conducted on a plate and a 
positive control strain must be inc luded. 

2. Incubate at 37°C for 18-24 hours. The incubation time must 
not exceed 24 hours. 

3. Positive tests are indicated by clearly haemolytic zones. 
a-Haemolysis or discoloration of the medium must not be 
recorded as a positive result. 

The String test 

This simple test9 is useful for presumptive identification of both 
01 and non-01 serovars of V. cholerae. 

A colony is emulsified in a drop of 5% sodium deoxycholate in 
0.85% sodium chloride solution. A mucoid mass is formed by 
V. cholerae. Strings of the mucoid mass are seen when a 
loopful is lifted. 

The indole test. Positive {right) and negative {left). This test is best done in 
tryptone water on the culture showing the heaviest growth in the salt 
tolerance test. 
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The string test for presumptive identification of V cholerae. Note the 'string' 
of mucoid cellular material connecting the emulsified colony and the 
inoculating loop (see page 37) 

Other tests 

The tests described above are not a complete list of those 
available for identifying vibrios and distinguishing the species. 
Tests which detect enzymatic activity e.g. gelatinase, DNAse, 
lipase and lecithinase are used. Biochemical tests include 
nitrate reduction and the VP test for detection of 
acetylmethylcarbanol. Patterns of susceptibility to antibiotics 
(antibiograms) may be useful. 

Specialised texts should be consulted for more information. 
Application of a variety of tests is discussed by Furniss and 
colleagues4 and detailed methodology is given in the FDA 
Bacteriological Analytical Manuaf1° and national and 
international standard methods. 
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Table 4 - Differentiation of vibrios, pseudomonads, aeromonads and P/esiomonas from Enterobacteriaceae 

Test 

Growth on salt-
deficient medium 

Oxidase 
Oxidation/fermentation 
(0/F) 
Susceptibility to 
0129 (150 IJQ) 

Vibrio Aeromonads Plesiomonas Pseudomonas 
+or- + + 

+ + + 
F F F 

s R s 

Table 5 - Differentiation of Vibrios from Aeromonas and 
Plesiomonas spp. Aeromonas and Plesiomonas may also be 

separated by these characteristics 

Plesio-
Test Vibrios Aeromonas monas 
Requirement for + - -
sodium chloride 
by many species 

DNAse + + -
0129 
susceptibility s R s 
Acid from inositol - - + 

+ 

+ 
0 

R 

Entero-
bacteriaceae 

+ 

-
F 

R 



Table 6- Minimal Distinguishing Characteristics of the Major Food-borne Pathogenic vibrios 

Characteristics V. parahaemolyticus V. vulnificus 

% Salt tolerance 
0 - -
3 ·+ + 
6 + + 
8 + -
10 -or± -

Voges-Proskauer (VP) test - -
ONPG test - + 
Sucrose fermentation - -or rarely + 

Arabinose fermentation + or variable -
Appearance on 
TSI 
Slant Alkaline Alkaline or rarely acid 
Butt Acid Acid 
Gas - -
H2S - -
Susceptibility to 
0129 

10 IJg R s 
150 IJg s s 

Source FDA Bacteriological Analytical Manual *Resistant strains have been reported1 

1 Nath, G. and Sanyal, S.C. (1992) The Lancet 340. August 8th. 366-367. 

V. cholerae 

+ 
+ 
-
-
-
Classical- El Tor+ 

+ 
+ 
-

Acid 
Acid 
-
-

*S 
*S 

Table 7 - Major Distinguishing Characteristics of Food-borne Pathogenic Vibrio species 

11. 11. 11. parahae- 11. 11. algino-

cho/erae mimicus molyticus vulnificus 11. f/uvialis 11. fumissii 11. hol/isae lytic us 

Growth in: % NaCI 
0 + + - - - - - -
1 + + + + + + + + 
6 +or- +or - + +or- + + + + 
8 - - + - +or - + - + 

Lactose - - - + - - - -

Sucrose + - - +or- + + - -
Cellobiose - - - + +or - - - -

Salicin - - - + - - - -

Indole + + + + +or- - + + 
Gelatinase + +or- + +or- + + - + 
Arginine dihydrolase - - - - + + - -
Lysine decarboxylase + + + + - - - +or-
Ornithine decarboxylase + + + +or - - - - +or-

DNAse + +or- + +or- + + - + 
Inhibition by 0129 150 IJg + + + or- + +or- - +or- +or-

Key:+ >0.90% of strains positive;+ or - 10-90% of strains positive; Negative, but up to 10% of strains may be positive. 

11. 

damsela 

-
+ 
+ 
-
-

+ 
-
-
-
-

+ 
-
-

+or-

+ 

Source: Food Microbiology. Fundamentals and Frontiers. Doyle, M.P., Beuchat, L.R. and Montville, T.J. Jnr. (eds). (1997). ASM Press, 
Washington D.C. 

Table 8 - Differentiation of Classical and El Tor biovars of Vibrio cholerae 01 

Test Classical Biovar El Tor Biovar 
Haemolysis - +or-

Haemagglutination of chick cells - + 
Voges-Proskauer - + 
Susceptibility to polymyxin 50 IJg + -
Phage susceptibility: 
Classic phage IV + -
El Tor phage 5 - + 
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Toxins and other Virulence Factors of Vibrio species 

Toxins and other Virulence Factors of Vibrio species 

Introduction 

Widespread and common occurrence of cholera and the 
severity of the symptoms of infection by V. cholerae have 
ensured that the virulence mechanisms of this species are the 
most understood amongst the pathogenic vibrios. Much has 
still to be learnt about how the other species associated with 
food-borne infection cause disease and it is still unclear how 
V. parahaemolyticus causes the intense cholera-like diarrhoea 
that characterises infection by the species. V. vulnificus has 
undergone intensive study since the recognition in the 1970's 
of its role in extremely serious infection. V. vulnificus is the 
leading cause of reported deaths from food-borne disease in 
Florida 1. The remaining species associated with food-borne 
disease possess a variety of features that might be virulence 
factors. Little is currently known for certain about their relative 
significance in initiating disease. 

V. cholerae 
Unlike many of the organisms that cause diarrhoea, 
V. cholerae does not invade the gut mucosa. Chemotactic 
attraction to the gut wall and reduction of mucus viscosity aid 
the motile cells to make contact with, and adhere to, microvilli 
of small intestine epithelial cells. 

Production of enterotoxin, which causes great fluid loss into 
the gut due to interference with sodium, potassium chloride 
and bicarbonate functions in controlling intracellular fluid and 
ion balance, leads to intense diarrhoea. 

Although cholera toxin (CT) is the major toxin, other 
enterotoxins distinct from cholera toxin are produced by 01 
and non-01 strains. These include a heat-stable toxin similar to 
ST toxin of enterotoxigenic E. coli and one similar to Shiga 
toxin of Shigel!a. A thermostable haemolysin identical to that of 
V. parahaemolyticus is also produced. 

V. parahaemo/yticus 

No obvious enterotoxin is produced by V. parahaemolyticus 
and there is very little evidence about adherence to the gut 
wall which is generally an essential preliminary to 
pathogenesis. A number of haemolysins are produced, one of 
which, Vp-TDH responsible for the Kanagawa reaction, 
appears to be the principal virulence factor. However, 
evidence of its role in inducing diarrhoea is not very strong 
and the situation is complicated by Kanagawa-negative 
strains now occurring more commonly in infection. 

Other toxins are produced including the neurotoxin 
tetrodotoxin but their role is mostly speculative. 

V. vulnificus 

This species produces at least two haemolysins in infected 
subjects and in vitro tests show the haemolysins to be 
produced by strains obtained from both clinical and 
environmental sources. However, virulence appears not to be 
diminished in non-haemolytic mutants. The presence of a cell 
capsule appears essential to pathogenicity. 

Proteases are important in initiating wound infection and 
various enzymes active against lipids, fibrinogen, DNA and 
other substances important in tissue structure and defence 
probably also contribute. 

Enterotoxin distinct from haemolysins and proteases is 
produced but its ability to cause diarrhoea apparently requires 
the presence of other virulence factors. 

Iron acquisition is very important in the pathogenesis of 
V. vulnificus. Unusually, this organism is able to overcome the 
iron-binding activities of the host to obtain iron from 
haemoglobin in erythrocytes. 

V. mimicus 
V. mimicus does not adhere as tightly to mucosal epithelial 
cells and this may account for its reduced virulence relative to 
V. cholerae. The factors that contribute to adherence of 
V. mimicus are not known. 

V. mimicus does not possess a unique enterotoxin but does 
possess toxins which are also found in other species of Vibrio. 
These include V. cholerae CT toxin and thermostable 
enterotoxin of non-01/0139 V. cholerae serovars. 

Haemolysins are produced by V. mimicus and at least one of 
them is also proteolytic. 

Other food-borne pathogenic vibrios 
Little is certain about the virulence factors possessed by most 
of the species of Vibrio associated with food-borne infection, 
although adhesins, haemolysins and toxins have been 
described. The available information for the less frequently 
isolated species has been reviewed by Oliver and Kaper2. 
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VET-RPLA cholera toxin (CT) detection test Positive test (above). Negative 
test (below) (see page 41) 



VET-RPLA Cholera Toxin Detection Kit 

VET-RPLA Cholera Toxin Detection Kit 

Code TD920 

For the detection of Vibrio cholerae enterotoxin (CT) in culture 
filtrates 

Description 

Vibrio cho/erae produces an enterotoxin which causes the 
intense diarrhoea which is so typical of the disease cholera. 
The action of the toxin is to disrupt the fluid retention 
mechanism of intestinal epithelial cells. Diarrhoea is so 
profuse that death may occur because of severe fluid and 
electrolyte loss. 

Cholera is generally spread by poor sanitation resulting in 
contaminated drinking water supplies, but the disease may be 
food-borne, particularly from eating raw shellfish harvested 
from faecally-polluted coastal waters. 

V cho/erae (CT) toxin is chromosomally-mediated and closely 
similar to the plasmid-borne heat-labile (LT) toxin of 
Escherichia coli. Because the antigenic structures of both 
enterotoxins are similar, antiserum prepared by immunising 
rabbits with CT will react with both CT and LT toxins in a 
reversed-passive-latex agglutination test (RPLA). The 
sensitivity of the test is 1- 2 ng/ml in culture filtrates. 

Test Principle 

The test is performed in V-well microtitre plates. 
Latex particles are sensitised with purified antiserum taken 
from rabbits immunised with purified V cholerae enterotoxin. 
In the presence of V cholerae enterotoxin (CT) or E. coli heat­
labile enterotoxin (LT), the latex particles will agglutinate 
forming a clearly visible lattice structure. 

If the enterotoxins are absent, or present at a concentration 
below the assay detection level, a lattice structure is not 
formed and the latex particles settle in a tight button in the 
base of the well. 

Procedure 

Sample preparation 

V cholerae and E. coli for testing may be recovered from 
clinical samples and identified by standard methods. 

V cholerae enterotoxin production 

V cholerae may be tested for CT production following growth 
in Peptone Water (Oxoid CM9) at 30°C for 24 hours. After 
incubation, the test sample may be extracted by means of 
centrifugation. 

Assay Method 

1. Shake the reagents thoroughly. 
2. Position a V-well microtitre plate so that each row consists 

of 8 wells. (Each sample requires 2 such rows.) 
3. Dispense 25 ~I of diluent in each well of the 2 rows, 

except for the first well in each row. 
4. Add 25 ~I of test sample to the first and second well of 

each row. 
5. Pick up 25 ~I from the second well and perform doubling 

dilutions along each row, ending at the seventh well. The 
last well should contain diluent only. 

6. Add 25 ~I of sensitised latex (TD921) to each well in row 
1. 

7. Add 25 ~I of control latex to each well in row 2. 
8. Agitate the plate by hand or micromixer to mix the 

contents of each well. 
9. Cover the plate and leave undisturbed for 20-24 hours. 

10. Examine each well for agglutination against a black 
background. Dispose of all items in hypochlorite solution 
(1.3% w/w). 

Interpretation of results 

Agglutination should be assessed by comparison with the 
following illustration. For more detailed procedure and 
interpretation information, refer to the pack insert. 

H Negative 
Results classified as (-) and (±) are considered 

0 
to be negat;ve 

(±) 

(+) 

( ++) Positive 
Results classified as ( + ), ( ++) and ( +++) are 

0 
oon,;de,ed to be po,;tive 

(+++) 

Components of the kit 
TD921 Sensitised Latex 

TD922 Latex Control 

TD923 Enterotoxin Control 

TD924 Diluent 
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Serological Classification of Vibrio species 

Serological Classification of Vibrio species 

Vibrio cholerae 

Polyvalent antisera are used in slide agglutination tests to 
distinguish 01 and 0139 serogroups from the remaining 137 
which collectively are known as non-01/0139 serogroups. 
Oxidase-positive isolates that agglutinate in one or other 
antiserum may be reported as presumptive V. cholerae 01 or 
0139 and sent to a reference laboratory for confirmation. 
Examination of colonies taken from TCBS agar may be 
unreliable. A eo-agglutination test1 may give better results. 

Serological identification of non-01/0139 isolates is rarely 
carried out but any that appear to be implicated in sporadic 
cases of d iarrhoea! illness should be referred to a specialist 
laboratory. 

Identification of the flagellar antigens of V. cholerae is not 
useful. 

Vibrio parahaemolyticus 

Isolates of V. parahaemolyticus may be serotyped by 
identifying the somatic 0 and capsular K antigens2. However, 
although the 0 antigen of most strains isolated from clinical 
cases can be typed, some clinical and many environmental 
isolates are untypeable by their K antigens. 

At least 12 0 and more than 50 K antigens are known. There 
is no apparent link between serotype and virulence amongst 
V. parahaemolyticus strains. 

Vibrio vulnificus 

Serotyping of V. vulnificus isolates is not routinely done. 

A study3 using polyclonal antibodies to identify 
lipopolysaccharide and capsular antigens differentiated 
strains into at least 10 types, all of which were associated with 
human infection. Two of the types accounted for 
approximately 1/3 of the isolates. A much higher proportion of 
strains that had been isolated from the environment were of 
two other types. 

A species-specific test that uses anti-flagellar antisera has 
been used to confirm the identity of isolates4 and an 
immunodiffusion test tor the same purpose has been 
described. 

Other Species 

Passive agglutination may be used to identify V. mimicus. 

Serological classification of other pathogenic Vibrio species 
has yet to be established. 
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