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Abstract
Grimontia hollisae (syn. Vibrio holisae) is a pathogenic Vibrio species known to cause gastroenteritis in 
humans after the consumption of shellfish. Pathogenicity of the agent is related to virulence genes, 
including genes encoding for haemolysins. Important hemolysin genes found in Vibrio spp. include 
thermo stable direct hemolysin (tdh) and tdh related hemolysin (trh). In this study, 24 G. hollisae 
isolates, recovered from 161 oyster (Ostrea edulis, L., 1758) sample groups originating from Balıkesir 
and Ayvalık (northwest of Turkey) provinces, were investigated for the presence tdh and trh genes. 
The prevalence for these were found to be tdh (100 %), trh (0 %) respectively. This study is the first 
demonstration of tdh positive G. hollisae associated with bivalve molluscs in Turkey. 
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Introduction
Grimontia hollisae (syn. Vibrio hollisae) was initi-
ally described by Hickman et al. (1982). It was 
included in the Grimontia genus in 2003 and 
renamed Grimontia hollisae (Fabiano et al., 2003). 
G. hollisae causes gastroenteritis and septicemia 
in humans (Miliotis et al., 1995; Abbott and 
Janda, 1994; Hinestrosa et al., 2007). G. holli-
sae has mostly been isolated from infections 
related to shellfish consumption. These cases 
were mostly reported from the Atlantic and 
Pacific coasts of the United States (Rank et al., 
1988; Abbott and Janda, 1994; Carnahan et al., 
1994; Hinestrosa et al., 2007), they are rare in 
Europe (Gras-Rouzet et al., 1996; Edouard et al., 
2009). In Turkey, there are no reports of G. hol-
lisae isolation from oyster or food intoxication.
Haemolysins are expressed by many Vibrio spp. 
The most important haemolysin-encoding genes 
in Vibrio spp. include thermo stable direct he-

molysin (tdh), tdh-related hemolysin (trh) genes. 
tdh and trh genes have previously been reported 
from Vibrio parahaemolyticus, non serotype O1 
Vibrio cholerae strains and Vibrio mimicus (Baba 
et al., 1991; Tada et al., 1992; Terai et al., 1990), 
there is no data regarding the presence of trh 
genes in G. holisae, with only limited informa-
tion on tdh presence (Nishibuchi et al., 1985, 
1988, 1996). tdh is one of the genes implicated 
in increased pathogenicity in a range of Vibrio 
spp. (Nishibuchi et al., 1992).

We report here the first recovery of tdh positive 
G. hollisae from oysters in Turkey.

Materials and methods
In this study, 161 groups of oysters (Ostrea 
edulis, L. 1758; cockle-Venus verrucosa) taken 
from oyster production areas as part of a V. 
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parahaemolyticus and V. cholerae survey between 
2007-2010 were screened for the presence of G. 
hollisae and their tdh and trh genes. Each group 
constituted approximately 4-5 kg of oysters of 
between 50-100 g (100-200 individuals). Pro-
duction stations were located in Ayvalık and 
Balıkesir (Northern Aegean Region). Shellfish 
were collected by divers and afterwards expor-
ted. Sampling was done throughout the year 
with the exception of summer (May 1st-August 
31st) when shellfish collection was prohibited. 
Average sea water temperature varied from 
aproximately 10oC (in the winter) to approxi-
mately 15oC (in the autumn). 

Isolation and identification
For pre-enrichment purposes, 25g of bivalve 
mollusc tissue homogenates were inoculated 
in 225mL of Marine Broth with 1% NaCl and 
incubated at 37°C ±1 °C for 48h. A loopful 
of this broth was then streaked onto Marine 
Agar. After 24 h of incubation at 37°C colonies 
were examined (Edwards and Ewing, 1972; 
Hickman et al., 1982). Colonies which were 
identified as G. hollisae were oxidase positive, 
motile, fermentative for glucose, galactose 
and mannose, positive for nitrate reduction, 
negative for gas production from glucose, 
methyl red; Voges-Proskauer, L-lysine decar-
boxylase, L-ornithine decarboxylase, L-arginine 
dihydrolase, lactose and H2S tests. They were 
also negative for growth on TCBS or McConkey 
agar but positive for growth in Marine Agar and 
Blood Agar with weak hemolysis. The agent 
could not grow on 0, 8, 10 NaCl % , but could 
grow on 1, 3, 6 NaCl % , respectively.

Confirmation with PCR and Sequance 
Analysis
Genomic DNA extraction
DNA extraction was carried out using a com-
mercial kit according to manufacturer’s instruc-
tions (High pure, Germany Lot: 11054300) from 
presumptive G. hollisae colonies on Marine Agar.

PCR
Grimontia hollisae was identified based on PCR 
amplification of the gyrB gene using G. holli-
sae-specific primers HG-F1 (5’-GCT CTG TCG-
GAAAAACTTGA-3’) and HG-R2 (5’-ATGCTC 
AAAAT GGAA CACAG-3’) (Vuddhakul et 
al., 2000). In pre-trials, the PCR product which 
provided the most visible bands were used as 
positive controls. V. parahaemolyticus (ATCC 
17802), Vibrio alginolyticus (ATCC 17749) and 
distilled water were used as negative controls. 
As PCR master-mix, a total volume of 25 uL 
containing; 2 uL of DNA template, 1 uL of 2.5 
mM dNTPs (dCTP,dATP,dTTP,dGTP), 5 uL of 
each of the primers (2 mM), 0.1 uL of Taq poly-
merase (5 units/µL) (MBI, Fermantas), 2 uL of 
magnesium free 10X buffer (MBI, Fermantas), 
1.2 uL of 25 mM MgCl2, and 8.7 uL of distilled 
water was used. The amplification conditions 
were 30 cycles of amplification consisting of 
denaturation at 94°C for 1 min, annealing at 
55°C for 1 min, and extension at 72°C for 1 min, 
followed by one cycle of 72°C for 7 min (Techne, 
TC-412). After PCR amplification, 4 µL of each 
product was added into a 2.0 % agarose gel, and 
electrophoresed (Thermo, PrimoTM). DNA size 
marker 100 DNA Ladder (MBI Fermentas) was 
used. Bands were visualised with designated 
equipment (Vilber Lourmant, E-BOX VX5).
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Sequence analysis
Ten G. hollisae PCR products were purified and 
submitted for DNA sequence analysis by Mac-
rogen Cooperation (Netherlands), using an 
Applied Biosystems model 3130 DNA sequen-
cer. Consensus sequences were assembled from 
the results of the forward and reverse reads 
using SeqScape software (Applied Biosystems). 

Investigation of trh and tdh genes with PCR 
(PCR 1, trh; PCR 2, tdh) 
DNA templates from 8 G. hollisae isolates were 
investigated seperately (PCR 1 and 2) for trh and 
tdh genes with PCR. PCR assays were performed 
using the primer pairs GGCTCAAAATGGTTA-
AGCG and CATTTCCGCTCTCATATGC for 
trh (PCR 1), CCATCTGTCCCTTTTCCTGC and 
CCAAATACATTTTACTTGG for tdh (PCR 2) 
according to the procedure described by Cohen 
et al. (2007). V. parahaemolyticus DNA previously 
found positive for tdh and trh by Terzi et al. (2009) 
were used as positive controls, V. parahaemolyticus 
DNA previously found negative for tdh and trh by 
Terzi et al. (2009) and distilled water were used as 
negative controls. Master-mix consisted of 5 µL 
genomic DNA, 10XPCR buffer (2.5 µL), 50mM 
MgCl2 (1.25 µL), 10mM dNTPs (dCTP,dATP,-
dTTP,dGTP) (0.63µL), 5µM trh-F primer (2 µL), 
5 µM trh-R primer (2 µL), Taq DNA polymerase 
(5 units/µL) (0.4 µL) (MBI,Fermantas), 11.22 µL 
nuclease free water for PCR 1 (trh); 5 µL genomic 
DNA, 10XPCR buffer (2.5 µL), 50mM MgCl2 (1.25 
µL), 10 mM dNTPs (dCTP,dATP,dTTP,dGTP) 
(0.63 µL), 5µM tdh-F primer (1 µL), 5µM tdh-R 
primer (1 µL), Taq DNA polymerase (5units/
µL) (0.4 µL) (MBI,Fermantas), 13.22 µL nuclease 
free water for PCR 2 (tdh). The reactions (PCR 1, 
2) performed with an automated thermocycler 
(Techne, TC-412) were as follows: Initial denatu-
ration at 94°C for 5 min, followed by 40 cycles of 

denaturation at 94°C for 30 s, primer annealing at 
58°C for 45 s, and primer extension at 68°C for 75 
s. A final extension was performed at 68°C for 7 
min. PCR products were separated by electrop-
horesis on 2 % (w⁄v) agarose gel (1 h, 75 volts) 
(Thermo, PrimoTM). DNA size marker 100 DNA 
Ladder (MBI-Fermentas) was used. Bands were 
visualised with designated equipment (Vilber 
Lourmant, E-BOX VX5).

Results and discussion
Grimontia hollisae was isolated from 24 of the 161 
(14.90 %) oyster samples. These isolates (DR 1-24) 
were confirmed with PCR as G. hollisae. Sequ-
encing of the PCR amplified partial gryB genes 
derived from ten of the isolates showed them 
all to be similar (100% identity) with sequences 
in Gen Bank derived from G. hollisae (Accession 
number AB027462.1; Vuddhakul et al., 2000). 
All 24 isolates (DR 1-24) were found to be tdh 
positive (100%). No isolates were found to be 
trh positive. The G. hollisea recovery rate was 18 
isolates from 50 groups of oysters (36%) in 2007, 
3 isolates from 50 groups (6%) in 2008, 3 isolates 
from 61 groups (4.89%) in 2009, respectively. A 
summary of the phenotypic and genotypic data 
of the 24 G. hollisae isolates from oysters that were 
characterised are supplied in Table 1. Figure 2 
illustrates examples of PCR positive tdh and PCR 
trh negative G. hollisae isolates. 

Although isolation of G. hollisae from Turkish 
oysters was similar to the findings of Nishibuchi 
et al. (1988), there is only limited data regarding 
the prevalence of G. hollisae in bivalve molluscs in 
general. This may be a result of selective targeting 
of V. parahaemolyticus, V. choleraea, V. vulnificus and 
V. alginolyticus by researchers. G. hollisae cannot 
grow in the same media as these agents or it’s 
growth is suppressed by them.
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Figure 1. PCR Confirmation of G. hollisae isolates. M: Marker, 100 bp; Lane 1: Positive control G. hollisae isolate 
(DR 5) (363 bp); Lane 2: Negative control (distilled water); Lanes 3, 6-9: Positive G. hollisae field isolates (DR 1, 
2, 3, 4, 6); Lane 4: V. parahaemolyticus ATCC 17802; Lane 5: Vibrio alginolyticus ATCC 17749.

Table 1. Summary of phenotypic and genotypic data of 24 G. hollisae isolates recovered from Oysters.

Name of the strains DR 
1- 24

H2S on triple sugar 
media

- ONPG test -

Isolation

Material

Oyster Growth on TCBS agar - Nitrite production +

Isolation year 2007-2009 Arginine (1% NaCI - Indol +

G. hollisae gyrB gene PCR 
positive

+ Ornithine (1% NaCI) - H2S on triple sugar 
media

-

tdh gene PCR positive + Lysine (1% NaCI) - Urea hydrolysis -

trh gene PCR positive - Utilization of glucose 
(1% NaCI)

+ Nitrite production +

Gram stain - Utilization of galactose 
(1% NaCI)

+ Indol +

Oxidase production + Utilization of mannose 
(1% NaCI)

+ Growth on 0 % NCl -

Motility + Utilization of lactose 
(1% NaCI)

- Growth on 1 % NCl +

Growth on blood agar + Gas production from 
glucose

- Growth on 3 % NCl +

Hemolysis on blood agar +, weak Voges-Proskauer re-
action

- Growth on 6 % NCl +

Growth on marine agar + Methyl red (1% NaCI) - Growth on 8 % NCl -
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For this reason, using a more general isoltion 
medium (eg Blood Agar or Marine Agar), in 
addition to TCBS medium, in Vibrio spp. moni-
toring studies may increase the isolation rate of 
G. hollisae. Although the data is limited, it was 
interesting to note that the G. hollisae isolation 
rate decreased over the monitoring period (2007: 
36%; 2008: 6%; 2009: 4.89%). There have been 
no previous reports from Turkey of G. hollisae 
isolation from bivalve molluscs.

Phenotypic characteristics of G. hollisae isolates 
in this work are comparable with the findings 
of Hickman et al. (1982). G. hollisae being an 
atypical Vibrio might be misleading in identi-

fication. Therefore phenotypic characterisation 
of G. hollisae requires caution. It is possible that 
oxidase positive, motile, beta-hemolytic bacte-
ria are G. hollisae. Phenotypic characterisation 
should be carried out carefully with tests such 
as L-lysine decarboxylase, L-ornithine decar-
boxylase, L-arginine dihydrolase. Hinestrosa et 
al. (2007), raised concerns relating to G. hollisae 
identification in clinical cases. G. hollisae may be 
overlooked as a cause of gastroenteritis cases, 
partiularly as the agent’s lack of growth on 
TCBS agar creates difficulties in identificati-
on. Phenotypic tests are also hard to evaluate 
and may be misleading themselves; therefore 
PCR confirmation for identification results is 
a necessity. 

gyrB and toxR genes were previously used for 
PCR-based identification of G. hollisae (Kim et 
al., 1999; Venkateswaran et al., 1998). In this 
study, we used the gyrB HG-F1 and HG-R2 
primers of Vuddhakul et al. (2000).

All of the 24 G. hollisae isolates from this work 
were found to be positive for tdh. In Turkey, the 
other main bacterial agent reported to contain 
tdh is V. parahaemolyticus. Terzi et al. (2009), 
found tdh in 13 (40.62%) of 32 V. parahaemoly-
ticus isolates whereas Türk et al. (2011) could 
not detect any tdh genes in V. parahaemolyticus 
isolates. Further work is now required to de-
termine whether the recovery of tdh positive 
G. hollisae from Turkish oysters is associated 
with clinical cases of gastroenteritis in Turkish 
consumers of bivalve shellfish.
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