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Abstract
The ability of the commercial miniaturised phenotypic testing system Biolog GP2 MicroplateTM and 
its supporting so�ware (Microlog 1) to identify a heterogeneous collection of 42 Lactococus garviae, 
Streptococcus iniae and other fish pathogenic Gram positive cocci (GPC) was evaluated. The strains 
were also identified based on sequencing of partial 16S rRNA genes. A�er 16-24h incubation, all 18 
L. garvieae and 10 S. iniae isolates were correctly identified using the Biolog Microlog 1 system. The 
so�ware also correctly identified the other GPC fish isolates tested, except Lactococcus piscium, that 
was unable to grow on the recommended proprietary agar (BUG). It is recommended that Biolog 
GP2 MicroplateTM, supported by confirmatory 16S rRNA gene sequencing and, where further 
epidemiological information is required, molecular typing, may offer a robust combinatorial GPC 
identification solution. 

Introduction 
Gram-positive bacterial cocci (GPC) are respon-
sible for disease in a range of freshwater and 
marine fish (Michel et al., 2007). The list of GPC 
potentially pathogenic for fish now includes 
up to six different species: Streptococcus iniae 
(Perera et al., 1994), S. parauberis (Doménech 
et al., 1996) S. agalactiae (Evans et al., 2002), 
Lactococcus piscium (Williams et al., 1990), L. 
garvieae (Eldar et al., 1996) and Vagococcus sal-
moninarum (Wallbanks et al., 1990; Schmidtke 
and Carson 1994). 

However, reflecting a general taxonomic uncer-
tainty with respect to many of the GPC (Austin 
and Austin 1999), the identification of such 

pathogens using conventional bacteriological 
techniques has been problematical. This has 
inevitably led to misdiagnosis. These limitations 
have made many workers turn to the develop-
ment and validation of molecular biological 
tools, such as 16S rRNA gene sequencing, or 
the polymerase chain reaction (Zlotkin et al., 
1998) for the identification of such pathogens, 
coupled with serological and genotypic typing 
methodologies to discriminate to the intraspe-
cies level (Eyngor et al., 2004). These techniques, 
although powerful, are not available in all fish 
health diagnostic laboratories.

Ravelo et al. (2001) report that a miniaturised 
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bacterial identification system, API Rapid ID 
32 StrepTM (Biomérieux) can be used to identify 
L. garvieae, although they recommend that the 
manufacturer’s recommended conditions be 
modified. We investigated the use of another 
commercially available miniaturised system, 
the Biolog GP2 MicroplateTM (Hayward CA; 
USA) and the Microlog 1 System supporting 
so�ware to identify and characterise a range 
of GPC that may be recovered from the aquatic 
environment, in particular its ability to discrimi-
nate L. garvieae and S. iniae from other closely 
related GPC. 

Material and methods
Bacterial isolates and culture conditions
A total of 13 GPC reference strains sourced from 
international culture collections (Table 1) and 
a further 29 field isolates of other GPC, both 
pathogenic and non-pathogenic to fish, were 
included in the study (Table 2). The bacterial 
isolates were cryopreserved at –70 °C on Protect 
BeadsTM (Technical Service Consultants; Lanca-
shire UK), following the manufacturer’s instruc-
tions. Cryopreserved cultures were recovered 
from stocks and subcultured onto tryptone soy 
agar (TSA) or Columbia agar supplemented 

Table 1. Culture collection reference strains used in the study and their identifies as determined by Biolog 
GP2. NS = Not Specified.

Reference strain Origin 
Biolog GP2 Closest 
species (% probability; 
Similarity)

Carnobacterium piscicola aNCIMB 2264T Cu�hroat trout (Oncorhynchus clarki 
Richardson) , USA C. piscicola (100%; 0.72)

Enterococcus faecalis aNCIMB 12756T NSc E. faecalis (98%; 0.89)

Lactococcus garvieae bATCC 49156T Yellowtail, (Seriola quinqueradiata 
Temminck & Schlegel), Japan L.garvieae (74%; 0.63)

L. garvieae aNCIMB 702927 Fish L.garvieae (100%; 0.88)

L. lactis subsp. cremoris aNCIMB 8662T New Zealand L. lactis cremoris (100%; )

L. lactis subsp. lactis aNCIMB 6681T NSc L. lactis lactis (100%; 0.58)

L. piscium aNCIMB 13196T Rainbow trout (Onchorynchus mykiss 
Walbaum), USA NG

Rhodococcus erythropilis aNCIMB 11148T NSc R. erythropolis (98%)

Streptococcus agalactiae aNCIMB 8778 NSc S. agalactiae (NO ID; 0.3)

S. iniae bATCC 29178T Amazon freshwater dolphin (Inia 
geoffrensis Blainville), USA S. iniae (100%; 0.76)

S. parauberis aNCIMB 703043T Turbot (Pse�a maxima L.) Ent. Faecalis (98%; 0.71)

Vagococcus salmoninarum aNCIMB 13133T Rainbow trout (Onchorynchus mykiss 
Walbaum), USA Vag. salmoninarum (100%; )

Vag. salmoninarum aNCIMB 702779 Rainbow trout, USA Vag. fluvialis (98%; 0.73)

a NCIMB, National Collection Industrial and Marine Bacteria
b ATCC, American Type Culture Collection
c NS, Species not specified.
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Table 2. Identity of the GPC field isolates used in this study as determined by 16S rRNA gene sequencing and the 
miniaturised phenotypic identifications system Biolog GP22. Where information on other designation, origin or 
year of isolation is not included, this was not known.

Cefas 
bacterial 

collection 
accession 

number

Other 
designa-
tion

Origin

Year 
of 

isola-
tion

Identity based on partial 
16S rRNA sequence homol-
ogy (Closest Gen bank ac-
cession noa; % similarityb)

Biolog GP2 Closest 
species
(% probability; Similar-
ity)

00021 Rainbow trout, UK 2000 L.garvieae (AF2834990; 100%) L. garvieae (100%; 0.890)

00025 Rainbow trout, UK 2000 L.garvieae (AF2834990 ;100%) L.garvieae (100%; 0.814)

01141 Rainbow trout, UK 2001 L.garvieae (AF2834990 ;100%) L.garvieae (100%; 0.818)

01144 Rainbow trout, UK 2001 L.garvieae (AF2834990 ;100%) L.garvieae (100%; 0.932)

02106 PP 60.1 Rainbow trout, Spain 1997 L.garvieae (AF2834990 (100%) L.garvieae (100:; 0.750)

02105 Rainbow trout, Europe 2000 L.garvieae (AF2834990 (100%) L.garvieae (100%; 0.972)

03012 657/199-1 Rainbow trout, Italy 1999 L.garvieae (AF2834990; 100%) L.garvieae (100%; 0.901)

03013 657/199-2 Rainbow trout, Italy 1999 L.garvieae (AF2834990; 100%) L.garvieae (100%; 0.901)

03014 2913 Rainbow trout, Italy 1999 L.garvieae (AF2834990 ;100%) L.garvieae (100%; 0.859)

03015 325/I/2001 Rainbow trout, Italy 2001 L. garvieae (AF2834990;100%) L. garvieae (100%; 0.895)

03016 36/F/2002 Rainbow trout, Italy 2002 L. garvieae (AF2834990;100%) L. garvieae (100%; 0.923)

03017 74/F/2002 Rainbow trout, Italy 2002 L. garvieae (AF2834990;100%) L. garvieae (100%;0.839)

03080 29.99 Rainbow trout, France 1999 L. garvieae (AF2834990;100%) L. garvieae (100%0.93)

03081 IZP 116.78 Rainbow trout, Italy NKc L. garvieae (AF2834990;100%) L. garvieae (100%0.73)

03084 D15 Israel NKc L. garvieae (AF2834990;100%) L. garvieae (100%; 0.64)

04041 MT2545 NKc NKc L. garvieae (AF2834990;100%) L. garvieae (100%;0.81)

02104 - NKc NKc S. iniae (99%; AF335572) S. iniae (100%; 0.914)

04019 KFP404 Rainbow trout, Israel NKc S. iniae (99%; AF335572) S. iniae (100%; 0.670

04020 KFP173g Rainbow trout, Israel NKc S. iniae (99%; AF335572) S. iniae (99%; 0.70)

04021 KFP173p Rainbow trout, Israel NK S. iniae (AF335572; 99%) S. iniae (100%; 0.85)

04039 MT2374 Striped bass, USA 1996 S. iniae (AF335572; 99%) S. iniae (100%; 0.85)

06001 NDS10 Tilapia, USA NKc S. iniae (AF335572; 99%) S. iniae (96%; 0.71)

06019 MN-06-TI Tilapia, USA NKc S. iniae (AF335572; 99%) S. iniae (100%; 0.75)

06068 - NKc NKc S. iniae (AF335572; 99%) S. iniae (99%; 0.71)

06070 - NKc NKc S. iniae (AF335572; 100%) S. iniae (87%; 0.60)

99315 - UK 1999 L. lactis (x64887; 100%) L. lactis subsp. diacetylactis 
(NO ID; 0.454)

01173 - Kuwait 2001 S. agalactiae (DQ303183; 
100%) S. agalactiae (95%; 0.931)

06014 - Thailand NKc S. agalactiae (DQ303183; 
100%)

S. agalactiae (GP2B) (89%; 
0.68)

06015 - Thailand NKc S. agalactiae(DQ303183;100%) S. agalactiae (GP2B) (100%; 
0.74)

a Nucleotide sequences can be assessed via h�p://www.ncbi.nlm.nih.gov/Entrez/
b Sequences were aligned to the closest relative using BLAST (Altshul et al., 1990). Closest sequence derived from 
a Type, or otherwise well-characterised strain, displayed (% similarity).
CNK, Origin or year of isolation not known



Bull. Eur. Ass. Fish Pathol., 31(5) 2011, 174

with 5% sheep blood (CSBA). TSA and CSBA 
constituents were all provided by Oxoid UK 
Ltd. All received isolates and reference strains 
were confirmed as Gram positive, non-motile, 
cytochrome oxidase, catalase negative, glucose 
fermenting cocci, as described by Buller (2004), 
before additional tests were carried out. Growth 
at 10, 26, 37 and 40 °C, plus the presence and 
type of haemolysis on CSBA a�er a minimum 
of 48h incubation at 25 °C was also noted for 
all isolates. 

16S rRNA gene sequencing
The identity of all isolates was determined 
or confirmed, in the case of the reference iso-
lates, by partial 16S rRNA gene sequencing. 
DNA sequences were obtained by amplify-
ing an approximately 529 base pair product 
corresponding to nucleotides 8-536 of the E. 
coli 16S rRNA gene by PCR, using universal 
primers 16S forward, 5’-AGAGTTTGATCCT-
GGCTCAG-3’ and 16S reverse, 5’-GWATTAC-
CGCGGCKGCTG-3 (Suau et al., 1999). Template 
DNA for PCR was prepared by suspending 2-3 
identical bacterial colonies in 100μL distilled 
water heated (94°C for 5 min), then immediately 
placing the lysate on ice. 50 μl PCR reaction mix-
tures contained sterile molecular-grade water, 
1× reaction buffer, 1.5 mM magnesium chloride, 
1.25 U (0.25 μl) Go Taq polymerase (Promega), 
0.25 mM deoxyribonucleotide triphosphate 
(dNTPs) and 50 pmol of each primer. 2.5 μl of 
template was added to the reaction mixture, 
and samples were heated at 94°C for 5 min in 
a PTC-225 Peltier thermocycler (MJ Research). 
Subsequently, 40 cycles of the following were 
carried out: denaturation at 95°C for 1 min, 
annealing at 55°C for 1 min and elongation 
at 72°C for 1 min, with a final elongation at 
72°C for 10 min. PCR products were purified 

using Centricon® Centrifugal Filters (Millipore, 
Billerica, USA), or the Wizard® SV gel and 
PCR clean-up system (Promega), according to 
the manufacturers’ instructions. Purified PCR 
products were sequenced in both directions 
using the BigDye® Terminator sequencing kit 
(Applied Biosystems) according to the manufac-
turer’s instructions. Sequencing was performed 
at Cefas Weymouth Laboratory using an ABI 
3700 DNA analyser.

Sequence data was assembled and initially 
analysed using the Sequencher program (Gene 
Codes Corp., Ann Arbor, MI, USA). The bac-
terial species was identified by comparing 
the resulting consensus sequence to bacterial 
16S rRNA sequences lodged with GenBank 
and EMBL using the BLAST search program 
available at the UK HGMP Resource Centre, 
Hinxton (h�p://menu.hgmp.mrc.ac.uk/cgi-bin/
blast) and using the Ribosome Database Seq-
Match tool (h�p://rdp.cme.msu.edu/seqmatch/
seqmatch_intro.jsp). 

Biolog MicroLog 1 System
Isolates were also identified using Biolog GP2 
Microplates (Biolog, Hayward CA, USA, sup-
plied byTechnopath UK) and their supporting 
so�ware (Microlog 1 System), a standardised 
system for the identification and characterisa-
tion of a broad range of Gram positive bacteria, 
based on their ability to utilise a panel of 95 
different carbon sources.

Organisms were subcultured to purity and 
inoculated onto proprietary BUG (Biolog) agar 
with 5% sheep blood and incubated at 30°C for 
20±2h. Three drops of the anti-capsular agent 
sodium thioglycolate were then added to a tube 
of sterile Gram positive inoculating fluid and 
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a suspension of the bacterium prepared to a 
20±2% transmi�ance level, using the manufac-
turer supplied turbidometer. Each test well of 
the GP2 Microplate (BIOLOG GP2TM) was then 
inoculated with 150μl of the bacterial suspen-
sion, with approximately 20 μl also added to 
a TSA plate to act as a purity check. Both were 
then incubated at 30°C. The colour pa�ern of 
each plate was visually read by comparison with 
the colour of the control well a�er 4 to 6 and 16 
to 24 h incubation. Identification was achieved 
using the manufacturer-supplied Biolog Micro-
Log 1 System so�ware. Resultant data was also 
compared with previous studies that involved 
characterisation of fish pathogenic GPC using 
Biolog GP2 plates.

Results 
The results of testing reference strains and se-
lected field isolates using the Biolog GP2 system 
and by partial 16S rRNA gene sequencing are 
shown in Tables 1 and 2. 

16S rRNA gene sequencing
Partial 16S rRNA gene sequencing was used 
to confirm the identity of the reference strains 
included in the study and was also able to dis-
criminate to the species level the range of field 
isolates included in the study (Table 2).

Biolog GP2 
A�er 16-24h incubation, all tested L. garvieae and 
S. iniae isolates were correctly identified (Table 
1). The so�ware also correctly identified most of 
the other GPC, except the L. piscium Type strain 
that was unable to grow on the recommended 
BUG agar, and one case where a V. salmoninarum 
reference isolate was apparently mis-identified 
as V. fluvalis (Table 1). The S. parauberis reference 
strain tested (NCIMB 703043) was also misiden-

tified as E. faecalis (Table 1), when the modified 
incubation conditions were used. Visual micro-
plate reading, a�er only 4-6h incubation, was 
less reliable. Although 79% of the L. garvieae 
isolates and 30% of the other GPC were correctly 
identified, the rest of the isolates were either 
not identified or misidentified, largely due to 
poor, or incomplete, colour development in the 
test wells in the short incubation period at 30 
°C (data not shown).

The test results were also analysed to identify 
potentially discriminating tests. A�er 18-24h 
incubation at 30 °C, all the GPC isolates tested 
were strongly positive for the following char-
acters: utilisation of dextrin, N-acetyl-D-glu-
cosamine, D-fructose, α-D-glucose, maltose, 
mallotriose, D-mannose, salicin, D-trehalose, 
glycerol, adenosine, 2-deoxy adenosine, 
inosine, thymidine and uridine. In addition, 
all L. garvieae isolates were also positive for 
n-acetyl-β-D-mannosamine amygdalin, arbutin 
, D-cellobiose, gentiobiose, D-gluconic acid, 
D-psicose, pyruvic acid methyl ester, L-alanina-
mide, L-alanyl-glycine, D-galactose, palatinose, 
α -hydroxybutyric acid, 3-methyl D-glucose, 
with other GPC showing variable ability to 
utilise these carbon sources (Table 3). D-gluconic 
acid, L-alanyl-glycine and L-alaninamide were 
further distinguishing tests, in that although all 
the L. garvieae isolates tested were able to utilise 
them, few of the other GPC tested were able to 
do so (Table 3).

All GPC tested using Biolog GP2 were nega-
tive for the following characters: utilisation 
of Tween 40, Tween 80, D-arabitol, L-fucose, 
D-galacturonic acid, α-methyl-D-mannoside 
L-rhamnose, sedoheptulosan, xylitol, D-xylose, 
β-hydroxybutyric acid, p-hydroxyphenylacetic 
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Table 3. Discriminatory phenotypic characteristics obtained for a range of Gram positive cocci in the Biolog 
GP2 system a�er 24h incubation at 30 °C. The L. garvieae and other GPC isolates tested were as indicated 
in Tables 1-2. Symbols: + ≥90% isolates strongly positive, (+)≥90% isolates weakly positive, - ≥90% isolates 
negative, d 11-89% isolates positive (% positive indicated where more then 8 isolates were tested). 
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N-acetyl-mannoamine + + + + + + + +
L-alaninamide + - - - - - - -
L-alanyl-glycine + - - - - - - -
Amygdalin + - - + + + + d
Arbutin + + - + + + + +
D-cellobiose + + - + + + + d
D-galactose + 80 + + + + + -
Gentiobiose + 75 - + + + + d
D-gluconic acid + - - + + - - -
α-hydroxybutyric acid + 50 - - - - - -
3-methyl D-glucose + - - (-) + + (+) d
Palatinose + - - (+) + + - d
D-psicose + + + + + + + +
Pyruvic acid methyl + + + + + + + d
Glycogen - 50 - - - - - -
Inulin - - - - - - - -
Mannan - - - - - - - -
I-arbinose - - - - - - - -
m-inositil - - - - - - - -
α-D-lactose - (+) d d + - + -
Lactulose - - d d + - + -
D-melezitose - + - - - - - -
Succinamic acid - - - - - - - -
D-alanine - - - - + - - -
L-alanine 15 - - - - - - -
Adenosine-5-monophosphate - + (+) - - (+) - d
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acid, α -ketoglutaric acid, D-lactic acid methyl 
ester, succinic acid, mono methyl ester, propi-
onic acid, D-alanine, L-asparagine, L-glutamic 
acid, glycil-L-glutamic acid, L-pyroglutamic 
acid, L-serine, putrescine, D-glucose-1-phos-
phate, D-glucose-6-phosphate.

L. garvieae isolates were ≤1/18 positive for glyco-
gen, inulin, mannan, L-arbinose, m-inositol, α 
-D-lactose, lactulose, D-melezitose, D-melibiose, 
turanose, β -methyl d-galactoside, D-raffinose, 
stachyose, acetic acid, β -hydroxybutyric acid, 
lactamide, D-malic acid, L-malic acid, succinam-
ic acid, n-acetyl-l-glutamic acid, 2,3 butanediol, 
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Uridine-5-monophosphate - + d - - (+) - d
Thymidine-5-monophospahe 77 (+) + d d + + (+) +
D-fructose-6-phosphate - 30 + - (+) + - -
D-glucose-6-phosphate - 30 + - (+) (+) - -
D-L- α -glycerol phosphate - 40 - - - - - -
D-galactose 25 70 + + + + + -
palatinose 25 - - (+) + + - d
α -hydroxybutyric acid 25 40 - - - - - -
3-methyl D-glucose 25 -
α-cyclodextrin 25 - - + + + - +
β-cyclodextrin 83 - - + + + - -
Mannan d - - - + - - -
D-manitol 77 + - (+) (+) - + d
α-methyl-D-glucoside 77 (+) - - - - + - -
β-methyl-D-glucoside 27 (+) - - + + + + +
D-ribose 44 50 d + (+) (+) + d
D-sorbitol (+) - - (+) (+) - + d
Sucrose 73 + + d (+) - + +
D-tagatose 61 - - (+) - - (+) -
Turanose 83 - - - + (+) - d
α-ketovaleric acid 83 - - + (+) (+) - +
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adenosine-5-monophosphate, uridine-5-mono-
phosphate, D-fructose-6-phosphate, D-glucose-
6-phosphate, D-L- α -glycerol phosphate, 2,3 
butanediol , D-galactose, with the other GPC 
tested variable for these tests (Table 3).

L. garvieae and many of the other GPC isolates 
tested were variable for the following characters: 
palatinose, α -hydroxybutyric acid and 3-methyl 
D-glucose α-cyclodextrin, β- cyclodextrin, 
mannan, D-mannitol, α-methyl-D-glucoside, 
β-methyl-D-glucoside, D-ribose, D-sorbitol, 
sucrose, D-tagalose, turanose, α-ketovaleric 
acid, L-alanine, thymidine-5’-monophosphate 
(Table 3).

Discussion
A general problem with differentiating GPC 
is the relative uniformity of biochemical test 
results between organisms of different species. 
This can result in only a limited number of 
potential species differentiating discriminatory 
tests if, as is the case with some other commer-
cial tests systems, the overall number of tests 
deployed is limited (32 or less). Any biochemical 
variation between isolates within a particular 
species renders such identifications problematic. 
With respect to analysing fish pathogens, the 
problem is o�en compounded, because the com-
mercial databases used for identification can 
include few, or any reference isolates obtained 
from diseased fish. Lau et al., (2003) noted that 
this affected identification of S. iniae when using 
two commercial identification systems. Similar 
problems were also found when these isolates 
were tested using the API Rapid Strep system 
(unpublished data). In contrast, the Microlog 
v1 so�ware accurately identified all Biolog GP2 
tested L. garvieae and S. iniae isolates, despite 
their being incubated at a different temperature 

(30 oC) to that recommended for identifying 
clinical isolates (37 oC). Evans et al. (2009) also 
noted that the Biolog system offers advantages 
over other commercial identification systems 
for a panel of L. garvieae, and likely other GPC, 
isolates they tested from Brazilian tilapia, Oreo-
chromus niloticus L. and pintado, Pseudoplathys-
toma corruscans (Spix & Agassiz). In general our 
results are in broad agreement with that study., 
except the L. garvieae isolates tested in this study 
showed varying capacity to utilise D-manitol, 
D-ribose, whereas all the isolates in that study 
were able to utilise these carbon sources. Two 
of the isolates from the Evans et al. (2009) study 
were positive for 2,3 butanediol, while none the 
L. garvieae isolates tested in this study were able 
to utilise this carbon source.

Although the test isolates in the Evans et al. 
(2009) study were incubated at a different incu-
bation temperature (37 °C), and the geographi-
cal and host origins of the isolates were mostly 
different, Biolog substrate utilisation pa�erns 
for both sets of strains identified in both studies 
as L. garvieae by the Microlog study were in 
general agreement, with only minor differences 
seen (as noted in results section.) 

Results were also compared with data from 
Roach et al. (2006) that used Biolog GP2 plates 
to characterise a group of S. iniae isolates. In 
contrast to this study, where all nine S. iniae 
isolates were correctly identified as S. iniae, 70% 
of the isolates from that study were correctly 
identified to the species level (those isolates 
were all confirmed as S. iniae based on testing 
using two different PCR assays.). As not all 
the data from that study was presented (only 
variations in strain utilisation for characters that 
were positive in the type strain) it is not pos-
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sible to compare in detail all their results with 
those obtained in this study. However it appears 
that a more phenotypically more heterogenous 
collection of S. iniae isolates were tested in the 
Roache et al. (2006) study to those tested here. 
The 30% of isolates that were not characterised 
as S. iniae were, instead, only identified to the 
Genus level, with no assignation to an incorrect 
species. It is very possible that addition of data 
from more diverse S. iniae isolates to the Biolog 
database may strengthen the system’s ability of 
to accurately discriminate this and other fish 
pathogenic GPC.

Based on these generally encouraging results, it 
is recommended that other work should be un-
dertaken, with an even wider range of isolates, 
to confirm that incubating the test bacteria at 
this other ecologically more relevant tempera-
ture (30 °C), also results in accurate identifica-
tion to the species level. In the meantime, it is 
recommended that Biolog GP2 results continue 
to be supported by confirmatory 16S rRNA 
and/or SodA gene sequencing (Michel et al., 
2007), where it is particularly important that 
an accurate identification is needed.

The Biolog GP2 microplate expands the range of 
tests deployed and, as demonstrated here, also 
widens the range of the all-important species 
differentiating discriminatory tests. The general 
accuracy of the supporting so�ware was par-
ticularly welcome. Identification of bacterial 
fish pathogens based on phenotypic criteria 
typically relies on the diagnostician deploying 
a mixture of general experience and intuition 
in both deciding on what tests are appropriate 
and analysing the results of those tests. This 
inevitably lends a measure of subjectivity to the 
process that increases the chances of erroneous 

identifications taking place. The Biolog Microlog 
system helps to remove some of this subjectiv-
ity, with respect to identifying GPC, and also 
potentially allows the process to be delegated 
to workers with less experience. Although, as 
illustrated here, results still need to be checked 
using other potential confirmatory tests before 
a definitive diagnosis is made. 

The reliability of the particular test system needs 
to be checked with each group of target organ-
isms. Although BIOLOG GP2 was shown here 
to be an effective identification system for GPC, 
other groups of organisms, particularly environ-
mental isolates, may not be accurately identified 
using this or related systems (Wunsche and 
Babel, 1996; Nobel and Gow, 1998).

It has been suggested that partial 16S rRNA 
gene sequencing is not always reliable for 
bacterial identification to the species level for 
very recently diverged species (Fox et al., 1992). 
However, in this study, sequencing relatively 
short sections of the 16S rRNA genes was found 
to be an accurate method of identification to the 
species for GPC. 

However, the Biolog GP2 system offers the advan-
tages of potentially greater speed to diagnosis and 
requires less in the way of specialised facilities. In 
practice, fish disease diagnostic laboratories may 
wish to deploy a range of methodologies to iden-
tify the GPC responsible for disease outbreaks. It 
is recommended that BIOLOG GP2TM, supported 
by confirmatory 16S rRNA gene sequencing and, 
where further epidemiological information is 
required, molecular and serological typing (Vela 
et al., 2000; Eyngor et al., 2004; Nawawi et al., 
2008), may offer a robust combinatorial GPC 
identification solution. 
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