APPLIED AND ENVIRONMENTAL MICROBIOLOGY, Sept. 1996, p. 3548-3550

0099-2240/96/$04.00+0
Copyright © 1996, American Society for Microbiology

Vol. 62, No. 9

A Selective and Differential Medium for Vibrio harveyi
LACHLAN HARRIS,'* LEIGH OWENS,!* anp SANDRA SMITH?

Department of Biomedical and Tropical Veterinary Sciences, Division of Microbiology," and Sir George Fisher Centre
for Tropical Marine Studies,” James Cook University of North Queensland, Townsville, Australia 4811

Received 18 April 1996/Accepted 9 July 1996

A new medium, termed Vibrio harveyi agar, has been developed for the isolation and enumeration of V.
harveyi. 1t is possible to differentiate V. harveyi colonies from the colonies of strains representing 15 other Vibrio
species with this medium. This medium has been shown to inhibit the growth of two strains of marine
Pseudomonas spp. and two strains of marine Flavobacterium spp. but to allow the growth of Photobacterium
strains. Colonies displaying typical V. harveyi morphology were isolated from the larval rearing water of a
commercial prawn hatchery with V. harveyi agar as a primary isolation medium and were positively identified,
by conventional tests, as V. harveyi. This agar displays great potential as a primary isolation medium and offers
significant advantages over thiosulfate-citrate-bile salts-sucrose agar as a medium for differentiating V. harveyi

from other marine and estuarine Vibrio species.

In recent years, Vibrio harveyi has become recognized
throughout Southeast Asia (3, 5, 17, 18) and northern Austra-
lia (9, 12) as a devastating pathogen of penaeid larvae, partic-
ularly of the intensively farmed black tiger prawn, Penaeus
monodon (3, 5, 9). Highly virulent strains of V. harveyi result in
up to 100% mortality from bath inocula containing as few as
10* CFU/ml (5, 9). V. harveyi is a ubiquitous bacterium in warm
marine waters (5, 10, 12, 13) and a part of the intestinal floras
of marine animals (11, 15).

Thiosulfate-citrate-bile salts-sucrose (TCBS) agar is a widely
used medium for isolating and enumerating Vibrio species
from marine and estuarine waters (3, 5, 16). However, the
validity of using TCBS agar for isolating many species of Vibrio
is questionable (6, 16). TCBS agar is inhibitory to many of the
Vibrio species that are commonly encountered in the marine
environment (16). TCBS agar is also not a differential medium
in that Vibrio species like V. harveyi, which are variable in the
utilization of sucrose, cannot be distinguished from other su-
crose-positive or sucrose-negative species.

A number of selective media have been developed for iso-
lation and enumeration of other Vibrio species, in particular
Vibrio cholerae and Vibrio vulnificus (7), Vibrio anguillarum (2),
and Vibrio alginolyticus and Vibrio parahaemolyticus (4). An
alternative to TCBS for the selective enumeration of marine
members of the family Vibrionaceae has also been described
(16).

The medium described in this paper is termed V. harveyi
agar (VHA). A high pH, which is tolerated by Vibrio species
but not by many terrestrial bacteria (10), and an absence of all
but contaminating levels of magnesium ions, which are re-
quired by other marine bacteria (14), makes VHA inhibitory to
most non-Vibrio genera. A high NaCl concentration in the
medium tends to favor marine Vibrio species as does an incu-
bation temperature of 28°C. Lower NaCl concentrations and
higher incubation temperatures have been used by other work-
ers when selecting for the human pathogens V. cholerae and V.
vulnificus (7). Utilization by Vibrio species which can grow on
this medium of cellobiose and ornithine and the resultant pH
changes provide the means for the differentiation, based on
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colonial morphology, of V. harveyi from other marine members
of the family Vibrionaceae. Decarboxylation of ornithine pro-
duces a basic pH change in the medium, resulting in colonies
appearing blue. Fermentation of cellobiose produces an acid
pH change, resulting in colonies appearing green, sometimes
with the formation of yellow halos around the colonies. V.
harveyi can utilize cellobiose as a carbon source and is able to
decarboxylate ornithine (8). These properties as well as an
optimal NaCl concentration and incubation temperature, pro-
moting a growth rate faster than those of other Vibrio spp.,
probably explain the unique appearance of V. harveyi colonies
on this medium.

The following ingredients are combined to make VHA: p-
cellobiose, 2 g; L-ornithine, 2 g; NaCl, 30 g; Tris[hydroxymeth-
ylJaminomethane, 1.21 g; agar, 20 g; K,HPO,, 0.075 g; thymol
blue, 0.04 g; bromothymol blue, 0.04 g; Bacto Peptone, 0.1 g;
yeast extract, 0.1 g; and distilled water, 1,000 ml. This solution
is then boiled for approximately 30 min or until the agar has
completely dissolved. After being boiled, the solution is cooled
to 56°C and adjusted to pH 9.0 by the addition of 1 M NaOH.
The solution is then dispensed into sterile petri dishes. When
solidified, VHA is an azure blue color.

Although other workers have used antibiotics to increase the
specificities of Vibrio species-specific agars (2, 7), the addition
of ampicillin, penicillin, colistin, or polymyxin B to VHA was
detrimental to the growth of V. harveyi on this agar and so
these agents were not used. Many marine agars also require
additional iron in the form of FeNH, citrate or FeCl; (14);
however, this was found not to be necessary for the growth of
V. harveyi. This agar needs to be boiled and not autoclaved to
avoid the caramelization of cellobiose. Alternatively, cellobi-
ose can be made into solution separately and filter sterilized
before being added to the other components. The addition of
NaOH should be performed under sterile conditions by taking
an aliquot of the boiled solution and using this as an indicator
to judge the amount of NaOH necessary to raise the pH of the
larger volume of solution.

In this study, growth of 44 Vibrio strains representing 16
species as well as marine isolates from three other bacterial
genera on VHA was tested and compared with growth on
TCBS agar and on modified luminous agar (LA). LA is a
medium suitable for enumerating the total heterotrophic count
from marine waters (14). Overnight cultures of bacterial
strains on LA were suspended in sterile phosphate-buffered
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TABLE 1. Colony morphologies on VHA

Species (no. of strains)”

Colony morphology

Vibrio RArveyi (20) .....cccceeereeeucurereecreurenecueinesiesseseeesessesesesessesessssssesessssesssesseseacs

Vibrio natriegens (2)

.................... Small (diameter, 2 to 5 mm) colonies; light green with dark

green centers; yellow halo; 16 strains with entire margins;
2 strains with crenellated edges
Small (diameter, 2 to 5 mm) colonies; light green

Vibrio vulnificus (3), Vibrio anguillarum (2), and Vibrio pelagius (2) .........

Vibrio aestuarianus (1) and Vibrio campbellii (1)

.................... No growth

Very small (diameter, <2 mm) colonies; light blue

Vibrio alginolyticus (3), Vibrio parahaemolyticus (3), and Vibrio carchariae (1)............ Large (diameter, >5 mm) colonies, spreading; light blue

Vibrio cinncinnatiensis (1), Vibrio furnissi (1), and Vibrio orientalis (1).....
Vibrio diazotrophicus (1), Vibrio fluvialis (1), and Vibrio gazogenes (1) .....
Photobacterium damsela (1) and Photobacterium fischeri (1)..........cccuuuee.

large (diameter, 4 to 5 mm) colonies, dark blue, small
(diameter, 2 to 5 mm), spreading, dark blue-green

.................... Small (diameter, 2 to 5 mm); light blue-green
.................... Small (diameter, 2 to 5 mm); dark blue-green
.................... Small (diameter, 2 to 5 mm); dark blue-green

Photobacterium leiognathi (1), Photobacterium angustum (1), and Photobacterium

phosphoreum (1)

Very small (diameter, <2 mm); light blue

Pseudomonas spp. (2) and Flavobacterium spp. (2) ...cooveeeeeeeerceerenencreerenencs

.................... No growth

“ Pseudomonas spp., Flavobacterium spp., and some V. harveyi isolates were obtained from Oonoonba Veterinary Laboratories, Queensland Department of Primary
Industries, Townsville, Australia. All other isolates were obtained from the Department of Biomedical and Tropical Veterinary Sciences, Australian Collection of

Marine Microorganisms, James Cook University, Townsville, Australia.

saline (PBS) to an A, of between 0.1 and 0.5. One hundred
microliters of a 10~° dilution of these suspensions was then
spread onto VHA, TCBS agar, and LA. Following inoculation,
the plates were incubated at 28°C before the number of colo-
nies was counted and colony morphologies were recorded.
TCBS agar and LA plates were incubated for 24 h. VHA plates
were incubated for 48 h.

As a preliminary field test of VHA, water samples were
taken from a commercial P. monodon hatchery. Appropriate
dilutions were made in sterile PBS, and 100-pl samples were
plated on VHA, TCBS agar, and LA. A comparison of colony
counts from the different agars was performed. Nine colonies
from different plates, displaying typical V. harveyi morphology
on VHA, were isolated in pure culture and presumptively
identified to the species level by the method of Alsina and
Blanch (1).

The colonial morphologies of the strains tested on VHA are
described in Table 1. V. harveyi colonies displayed distinctive
morphologies on VHA. ACMM 656 would be a suitable ref-
erence strain for the growth of this species on this agar. How-
ever, the 20 strains of V. harveyi tested displayed very similar
morphologies. After 48 h at 28°C, V. harveyi colonies appeared
as small (diameter, 2 to 5 mm) light green colonies with dark
green centers. Most colonies were circular and had an entire
margin. The colonies of two strains showed crenellated edges.
When illuminated from below, yellow halos, indicating cello-
biose fermentation, could be seen around the colonies.

TABLE 2. Comparison of viable counts obtained on VHA, TCBS

agar, and LA
CFU/ml on*:
Strain or bacterium
VHA (10%) TCBS agar LA (10%)
Vibrio harveyi ACMM 645 3.0 6x107 3.0
Vibrio harveyi ACMM 642 1.5 <10’ 12
Vibrio harveyi ACMM 656 42 23 %105 6.0
Vibrio diazotrophicus ACMM 636 3.1 1.3x 108 26
Vibrio alginolyticus ACMM 102 2.7 3.0x 108 27
Vibrio furnissi ACMM 641 31 1.0x 108 2.7
Photobacterium damsela ACMM 624 3.5 <10’ 3.6
Photobacterium phosphoreum 2.3 <10’ 2.6

“ Only a representative sample of the colony counts recorded in this study is
shown.

Of the 15 other Vibrio species tested on this agar, only the
colonies of Vibrio natriegens shared some of the characteristics
of V. harveyi colonies. However, V. natriegens colonies did not
show a darker green center. V. vulnificus, which has very close
serological and biochemical homology with V. harveyi, did not
grow on this agar within 48 h as was intended by using a higher
than optimal NaCl concentration and a lower than optimal
incubation temperature for this species. V. alginolyticus and V.
parahaemolyticus colonies were easily distinguishable from
each other, because of the swarming motility of V. alginolyticus,
and from V. harveyi. These species are very common bacterial
floras in P. monodon hatcheries, and the easy differentiation of
these species from V. harveyi with this agar should aid research-
ers in more accurately assessing Vibrio species diversity in this
environment.

With the exception of the Photobacterium species tested, the
other genera of marine bacteria did not grow on VHA. Pseudo-
monas and Flavobacterium species are important contributors
to the total heterotrophic count in marine waters. The elimi-
nation of these genera from growth on VHA is an important
selective trait. None of the five Photobacterium species which
grew on this agar resembled V. harveyi in colony morphology.

VHA performed well as a primary isolation medium as
shown by the colony counts recorded in Table 2. Colony counts
for V. harveyi strains and other Vibrio species were of the same

TABLE 3. Tests used to identify presumptive V. harveyi isolates

Growth of isolate”:

Substrate

B2 Al B4 C2 C6 ClI B5 AS C62
0% NACI e —
8% NaCl + + 4+ + 4+ + + + +
Citrate - + 4+ + - + 4+ + +
Sucrose acid e
VP - - - - - - - = =
L-Arabinose (CS”) - - - - - - - - =
D-Glucosamine (CS) - - - - - - - - -
Arginine dihydrolase - - - - - - - - =
Lysine decarboxylase + + + + + + + +  +
Ornithine decarboxylase + + + + + + + + +

“ All isolates were gram negative, oxidase positive, and O/F positive and grew
on TCBS medium. Isolates Al, B4, B5, A5, and C62 were luminescent on LA.
> CS, carbon substrate.
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or a slightly higher order of magnitude on VHA compared with
those on TCBS agar or LA. This indicates that VHA has the
potential to be an excellent medium for enumerating V. harveyi
in water samples.

The nine isolates that were taken off VHA plates from
prawn hatchery water samples were all positively identified as
presumptive V. harveyi. The results of the tests used to identify
these isolates to the species level are shown in Table 3. This
confirms the suitability of VHA as a medium for primary
isolation of V. harveyi from water samples.

The testing of the specificity and differential ability of VHA
suggests that the agar is suitable for a full-scale study of P.
monodon larval rearing water in which V. harveyi levels can be
closely monitored. Such a study will provide more rigorous
testing for this agar, which has already exhibited great poten-
tial.

The Co-operative Research Centre for Aquaculture provided finan-
cial support for Lachlan Harris and the research described in this

paper.
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