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First report on the presence of 
potentially pathogenic Vibrio 
parahaemolyticus in farmed mussels 
(Mytilus galloprovincialis) from the 
Istrian aquatorium by microbiological 
and molecular methods

Abstract
Microbiological and molecular PCR tech-

niques were used to analyse 328 samples of 
mussels (Mytilus galloprovincialis) cultured in 
Istrian waters. Molecular testing was more ef-
fective than microbiological testing, detecting 
the presence of the bacterium Vibrio parahaemo-
lyticus in 21.34% of samples, compared to 2.44% 
detected through microbiological methods. 
The probability of detecting the presence of 
this bacterium was 7.19 times higher when the 
sea surface temperature was above 15°C, while 

thermostable direct hemolysin (TDH) and 
TDH-related hemolysin (TRH) positive sam-
ples were detected at sea temperatures above 
22.5°C and 24.7°C, respectively. TDH- and 
TRH-positive samples constituted 10% of the 
total V. parahaemolyticus-positive samples. As 
there is no legal obligation to monitor the pres-
ence of this bacterium, consuming raw or insuf-
ficiently cooked mussels can lead to illness.
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Introduction
Bivalve molluscs are filter-feeding or-

ganisms capable of filtering up to 8 litres 
of water per day, thereby bioaccumulat-
ing naturally occurring or anthropogenic 

pathogens (Lees, 2000; Ribarić et al., 2012). 
The cultivation of mussels (Mytilus gallo-
provincialis) in Istrian waters requires two 
warm water seasons to reach commercial 
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size, taking an average of one and a half 
years (Džafić, 2022). Mussels are nutrition-
ally valuable due to their rich composition 
of proteins, essential amino acids, poly-
unsaturated fatty acids, astaxanthin and 
other carotenoids, vitamin B12, and other 
vitamins, many minerals, and other com-
ponents (Krešić et al., 2020). Various bac-
teria and viruses are indigenous microflo-
ra of marine habitats where molluscs are 
farmed. Potentially pathogenic halophilic 
vibrios are of particular concern, as there 
are no statutory controls on their presence 
at the European level (Regulation (EC) 
853/2004; Regulation (EC) 2073/2005). 
The bacterium Vibrio parahaemolyticus is 
a Gram-negative, halophilic, straight or 
curved rod bacterium with a polar fla-
gellum that is motile in liquid media. 
Most V. parahaemolyticus strains isolated 
from environmental samples and seafood 
are non-pathogenic. In contrast to such 
strains, clinical strains can produce an en-
zyme that lyses erythrocytes. The hemo-
lytic activity of pathogenic strains of this 
bacterium on Wagatsuma agar is known 
as the Kanagawa phenomenon, resulting 
from the presence of the thermostable 
direct hemolysin (TDH) (Nelapati et al., 
2012). Some Kanagawa-negative strains 
produce a toxin similar to TDH, called 
TDH-related hemolysin (TRH). These 
TDH and TRH hemolysins are encoded 
by the tdh and trh genes and are consid-
ered important virulence factors. Among 
the various serotypes of V. parahaemolyt-
icus that can cause infections in humans, 
serotype O3:K6 is the most common. The 
trh gene is also found in other members of 
the Vibrio genus such as Vibrio alginolyti-
cus (Rosec et al., 2012), which is why it is 
not reliable for the identification of V. pa-
rahaemolyticus. The ToxR gene was initial-
ly discovered as a regulatory gene of the 
cholera toxin operon, and later was shown 
to have a regulatory function in V. para-

haemolyticus (Kim et al., 1999). The bacte-
rium V. parahaemolyticus has been isolated 
from various marine organisms (Ripabelli 
et al., 1999; Ottaviani et al., 2005; Normano 
et al., 2006; Vernocchi et al., 2007; Suffred-
ini et al., 2014), as well as from seawater 
and sediments (Schets et al., 2011; Yu et al., 
2013). While most environmental strains 
are non-pathogenic, some can cause food-
borne infections. The pathogenesis of V. 
parahaemolyticus is based on the produc-
tion of hemolysin that causes hemolysis of 
human erythrocytes (Lozano-Leon et al., 
2003). 

Due to the lack of previous research in 
the Republic of Croatia, studies conducted 
on the Italian side of the Adriatic served as 
the basis for this study, given the specificity 
of the Adriatic Sea as a shallow sea, particu-
larly in the extreme north where it is filled 
with alluvium from the Po River.

The aim of this study was to determine 
the presence of V. parahaemolyticus and the 
tdh and trh genes in the farming areas in 
Istrian waters, considering farming con-
ditions (location and sea temperature) as 
factors that increase the public health risk 
of shellfish consumption.

Material and methods
Mussel samples (n=328) were collected 

monthly from nine sampling points in six 
production areas over three periods. The 
first period (February 2017 to March 2018) 
comprised 108 samples, the second (April 
2018 to March 2019) 106, and the third 
(April 2019 to March 2020) included 114 
samples. The locations of the farming ar-
eas and the sampling points are described 
in the Monitoring plan for marine and 
shellfish quality in live bivalve mollusc 
production areas and nurseries (2020) and 
shown in Figure 1. Upon delivery to the 
laboratory, the mussels were washed with 
clean running water and opened under 
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aseptic conditions. Twenty-five grams of 
tissue and intershell fluid were collected 
for analysis. Figure 2 illustrates the proce-
dure for the detection of the presence of 
potentially pathogenic Vibrio spp. and the 
isolation of DNA from enriched samples 
and suspect colonies and control bacterial 
strains (HRN EN ISO 21872-1: 2017 Mi-
crobiology in the food chain - A horizon-
tal method for the determination of Vibrio 
spp. - Part 1: Detection of the presence of 
potentially enteropathogenic Vibrio para-
haemolyticus, Vibrio cholerae, and Vibrio vul-
nificus (Anonymous, 2017).

Briefly, polymerase chain reaction 
(PCR) was used to identify suspect colo-
nies and to test pre-enriched samples, us-

ing the primers and amplification cycles 
specified in HRN EN ISO 21872-1:2017. 
The control reference strain V. parahaemo-
lyticus ATCC 17802 and the environmental 
isolate V. parahaemolyticus tdh/trh+env, Vp 
Tox Primers (Metabion International AG, 
Germany) and tdh/trh Primers (Macro-
gen Humanizing Genomics, South Korea) 
were used. They were prepared according 
to the manufacturer’s instructions to ob-
tain 100 µM solution. Working solutions 
with a concentration of 10 µM were pre-
pared from the starting stock solution. 
ToxR gene was used for the specific detec-
tion of V. parahaemolyticus.

The PCR was carried out in a final vol-
ume of 20 µL in the Techne Thermal Cycler 

Figure 1. Sampling locations (downloaded and modified from Google Earth Pro version 7.3.6)
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Prime (Cole-Parmer Ltd, UK). The premix 
EmeraldAmp®MAX HS PCR Master Mix 
(Takara, Japan) was used to prepare the 
reaction mixture. The following volumes 
were used to prepare the PCR mixture: 
Master mix 10.0 µL; primer (FW) 0.5 µL 
(10 µM); primer (REV) 0.5 µL (10 µM); wa-
ter 7.0 µL; DNA sample 2.0 µL.

For gel electrophoresis, 2% agarose 
(SeaKem® LE Agarose, Lonza, USA) 
in Tris-acetate-EDTA buffer (TAE) (Ac-
cuGENE®, Lonza, USA), pH 8.3 was used. 
The gel was stained with DNA dye (Gel-
Star™, Lonza, USA) (5 µL dye per 50 mL 
gel) and ladder marker (DNA ladder Dye 
Plus, Takara, Japan) in a volume of 2 µL 
was used as a molecular size marker. The 
running conditions were 130 V for 65 to 80 
minutes (Gator A2 Large System 24-Slot 
Rapid Load UVT Gel Trays, Thermo Sci-
entific, USA). The gel documentation sys-
tem UVIDOC HD 5 (UVITEC, Cambridge, 
UK) and the associated data processing 
program UVI TEC UVI 1-D (UVITEC, 
Cambridge, UK) were used for product 
visualisation.

Data on weather conditions and sea 
temperatures at the time of sampling were 
obtained from the Croatian Meteorolog-

Table 1. Primer sequences used for detection of genome expected product size

Bacteria Primers Primer sequences Product 
size (bp)

V. parahaemolyticus

VpToxR (FW)  
(Kim et al., 1999)

GTC TTC TGA CGC AAT CGT TG

368VpToxR  (REV) (Kim 
et al., 1999)

ATA CGA GTG GTT GCT GTC ATG

V. parahaemolyticus 
tdh

L-tdh  
(Bej et al., 1999)

GTA AAG GTC TCT GAC TTT TGG AC
269R-tdh  

(Bej et al., 1999)
TGG AAT AGA ACC TTC ATC TTC ACC

V. parahaemolyticus 
trh

L-trh  
(Bej et al., 1999)

TTG GCT TCG ATA TTT TCA GTA TCT
500Rtrh  

(Bej et al., 1999)
CAT AAC AAA CAT ATG CCC ATT TCC G

ical and Hydrometeorological Institute 
(DHMZ). The data were collected by me-
teorological ground observation at the 
main meteorological station in Pula. Sea 
surface temperature was measured at a 
permanent measuring point at a depth of 
30 cm and then checked before data entry. 
Data on the average daily sea temperature 
was used, which was linked to the results 
of microbiological tests on the day of sam-
pling. Other data on weather conditions 
relate to average daily air temperatures 
and precipitation.

To perform statistical analysis of the 
data obtained during the study, software 
Stata 13.1 (Stata Corp., USA) was used.

Chi-square and Fisher’s exact tests 
were used to check the association of the 
detection of vibrios with location and year 
of sampling. Environmental conditions 
(sea and air temperature) of locations 
where vibrios were and were not found 
were compared. Statistical results are pre-
sented as probabilities (P values). Proba-
bilities less than 0.05 were considered sta-
tistically significant.

Variables significantly associated 
with the outcome (detection of vibrio) in 
univariate analysis were included in the 
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logistic regression model. Sea temperature 
and location were transformed into binary 
variables. Hence the odds of isolation of 
V. parahaemolyticus were statistically ana-
lysed between temperatures higher and 
lower than 15°C. Results of logistic regres-
sion are expressed as odds ratio (OR) with 
associated P values.

Results and discussion
The microbiological examination of 

the mussel samples resulted in eight 
(2.44%) positive samples (Table 3), while 
the results of the PCR applied on the 
pre-enriched samples showed 70 posi-
tive samples (21.34%). The observed dif-
ference in the results between the two 
methods is probably due to the low se-
lectivity of the TCBS agar used, as pre-
viously noted in several studies (Lotz et 
al., 1983; Kitaura et al., 1983; Massad and 
Oliver, 1987). Ivezić-Jakšić (1986) found 
that V. alginolyticus has an antagonistic 
effect on the growth of V. parahaemolyt-
icus in mixed culture on TCBS agar, for 
which the author found no confirmation 
in the available literature. In the present 
study, we frequently observed abundant 
growth of large yellow colonies (on TCBS 
agar) and large milky white colonies (on 

CV agar) of the bacterium V. alginolyticus, 
which is the predominant species in mus-
sels from the study area in period of year 
with higher temperature. This is consist-
ent with the findings of Cavallo and Sta-
bili (2002), who found that the most fre-
quently isolated Vibrio species in mussel 
samples in Italy was V. alginolyticus. The 
prevalence of V. parahaemolyticus isolated 
in our study was 2.4%, while research-
ers on the Italian side of the Adriatic Sea 
demonstrated a prevalence of the same 
bacterium of 6.25% (Di Pinto et al., 2008), 
7.83% (Normanno et al., 2006), 24% (Ot-
taviani et al., 2005) and up to 56.7% (Suf-
fredini et al., 2014). 

In the present study, V. parahaemolyt-
icus was most frequently isolated from 
samples of the third period (four sam-
ples or 3.51%), while two samples were 
isolated in each of the other two periods 
observed. The differences in the frequency 
of isolation of this species between the dif-
ferent observation periods were not statis-
tically significant (P=0.739).

Larger differences were observed in 
the molecular analyses. V. parahaemolyticus 
was most frequently detected by molecu-
lar methods in pre-enriched samples col-
lected during the first period (24.07%) and 

Table 2. Amplification cycles for detection of V. parahaemolyticus (Tox-R) and tdh/trh

Step description

Temperature and time
Number of 

cyclesV. parahaemolyticus 
Tox-R

V. parahaemolyticus 
tdh/trh

Pre-heating 96°C for 5 min 94°C for 5 min 1

Amplification
Denaturation 94°C for 1 min 94°C for 1 min

30Annealing 63°C for 1.5 min 58°C for 1 min
Extension 72°C for 1.5 min 72°C for 1 min

Post 
amplification 72°C for 7 min 72°C for 5 min 1

Ending 4°C 4°C
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least frequently in samples from the third 
period (18.42%). However, the differences 
in the frequency of molecular detection 
of V. parahaemolyticus species between 
the study periods were not statistically 
significant (P=0.586). Many authors have 
compared the effectiveness of molecular 
techniques with microbiological detection 
methods (Blanco-Abad et al., 2009; Rosec 
et al., 2009, 2012). The absence of the same 
pathogen does not necessarily mean that 
it is not present, as V. parahaemolyticus can 
enter the “viable but non-culturable state” 
(VBNC) state in which it retains its meta-
bolic activity but is undetectable by con-
ventional microbiological methods (Oli-
ver, 2005, 2009).

The advantage of the PCR method 
in this study, as also reported elsewhere 
(Rosec et al., 2009, 2012), lies in its appli-
cation after pre-enrichment of the sample. 
This two-step pre-enrichment procedure 
promotes the proliferation of the target 
bacterial species while also eliminating 
the inhibitory effect of mussel tissue on 
the PCR. This ensures optimal conditions 
for molecular methods, while the micro-
biological method faces challenges from 
the proliferation of other bacterial species 
present in the sample. These other species 
can mask or even antagonistically influ-
ence the growth of the targeted Vibrio spp. 
(Ivezić-Jakšić, 1986), leading to possible 

misidentification. Di Pinto et al. (2008) 
stated that out of 47 suspect isolates from 
culture media, 12 were confirmed as V. 
parahaemolyticus by biochemical identifi-
cation, while only nine of those 12 were 
confirmed by the molecular PCR method.

All pre-enriched samples that tested 
VP ToxR-positive for V. parahaemolyticus 
in our study (21.3%) were further ana-
lysed for the presence of the tdh and trh 
genes that encode the enzymes respon-
sible for the pathogenic effect. Of the 70 
VP ToxR-positive samples, the tdh gene 
was detected in one pre-enriched sample 
(1.43%), while the trh gene was found in 
seven pre-enriched samples (10%). Previ-
ous studies on mussels in Croatia (Ivezić-
Jakšić, 1986; Jakšić et al., 2002; Mikuš et 
al., 2010; Čanak et al., 2018) demonstrated 
the presence of V. parahaemolyticus, but to 
our knowledge, this is the first report of 
the presence of genes encoding the TDH 
and TRH toxins in the Croatian part of the 
Adriatic Sea. In the Adriatic Sea, the pres-
ence of tdh- and trh-positive V. parahaemo-
lyticus was previously described in Italy 
by Ottaviani et al. (2005) who found that 
only one of their isolates was tdh-positive 
and three were trh-positive. Suffredini et 
al. (2014) detected V. parahaemolyticus in 
56.7% of samples from Sardinia and in 
27.5% of samples from Veneto, while the 
presence of potentially pathogenic V. para-

Table 3. Results in accordance to periods of sampling

Period Total
Microbiological results PCR results

Negative
N (%)

Positive
N (%)

Negative
 N (%)

Positive
N (%) tdh trh

1st 108 106 (98.15) 2 (1.85) 82 (75.93) 26 (24.07) 0 3 (11%)

2nd 106 104 (98.11) 2 (1.89) 83 (78.3) 23 (21.7) 0 0

3rd 114 110 (96.49) 4 (3.51) 93(81.58) 21 (18.42) 1 4 (19%)

Total 328 320 (100) 8 (2.44) 258 (100) 70 (21.34) 1(1.43%) 7 (10%)
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haemolyticus was detected in six samples, 
including three tdh-positive and three 
trh-positive isolates. In the Spanish part 
of the Mediterranean, the prevalence of 
this bacterium was 14.2%, with pathogen-
ic variants detected in 27.1% of samples 
(Lopez-Joven et al., 2015). In our study, 
PCR for the detection of tdh and trh genes 
in isolated V. parahaemolyticus colonies 
yielded negative results for these genes.

Early ecological studies showed that 
the occurrence of V. parahaemolyticus de-
pends on water temperature. The path-
ogen is typically undetectable at water 
temperatures <14°C during the winter 
months, although it is present in the 
sediment (Kaneko and Colwell, 1973; 
Su and Liu, 2007). These studies confirm 
that as water temperatures rise from late 
spring to early summer, vibrios over-
wintering in the sediment are released 
from the bottom communities, attach to 

Table 4. Correlation of sea and air temperature (°C) with the microbiological results 

Temperature Microbiological 
test N Mean value 

°C 
Standard 
deviation P

Sea
Negative 320 18.19 5.75

0.0067
Positive 8 23.77 3.25

Air
Negative 320 15.48 7.24

0.0116
Positive 8 22.03 5.40

Table 5. Correlation of sea and air temperature (°C) with the PCR results 

Temperature PCR test N Mean value 
°C

Standard 
deviation P

Sea
Negative 258 17.37 5.66

<0.0001
Positive 70 21.84 4.70

Air
Negative 258 14.75 7.07

<0.0001
Positive 70 18.91 7.06

zooplankton via the enzyme chitinase 
(Kaneko and Colwell, 1975) and spread 
through the water column. The probabil-
ity of detecting V. parahaemolyticus in our 
study was 7.19 times higher when the 
sea surface temperature was above 15°C 
(Table 7), which is in agreement with the 
literature.

In the present study, a statistically sig-
nificant difference in sea temperature was 
found between positive and negative re-
sults (P=0.0067). The mean sea temperature 
at which V. parahaemolyticus was detected 
was 23.77°C (Table 4), whereas detection by 
PCR occurred at a mean sea temperature 
of 21.84°C (Table 5). In contrast to previous 
studies on mussels from the Adriatic Sea, 
Vernocchi et al. (2007) and Di Pinto et al. 
(2008) detected the presence of the bacteri-
um V. parahaemolyticus in samples analysed 
in April 2002 as well as in January and Feb-
ruary 2003 and in winter 2008, which is 



First report on the presence of potentially pathogenic Vibrio parahaemolyticus in farmed mussels (Mytilus galloprovincialis)  
from the Istrian aquatorium by microbiological and molecular methods
Prvo izvješće o prisutnosti potencijalno patogene bakterije Vibrio parahaemolyticus u uzgojenih dagnji (Mytilus galloprovincialis) 
istarskoga akvatorija primjenom mikrobioloških i molekularnih metoda

VETERINARSKA STANICA 56 (1), 1-12, 2025. 99

Table 6. Results in accordance to locations

Sampling site Number of 
samples

Microbiological results PCR results

Negative Positive (%) Negative Positive (%)

L1 38 36 2 (5.26) 25 13 (34.21)

L2 38 37 1 (2.63) 28 10 (26.32)

L3 38 38 0 26 12 (31.58)

L4 34 34 0 31 3 (8.82)

L5 34 32 2 (5.88) 25 9 (26.47)

L6 38 37 1 (2.63) 35 3 (7.89)

L7 34 34 0 29 5 (14.71)

L8 36 36 0 30 6 (16.67)

L9 38 36 2 (5.63) 29 9 (23.68)

Total 328 320 8 (2.5) 258 70 (21.34)

in compliance with our results, where the 
lowest sea temperature at which we could 
detected the bacterium V. parahaemolyticus 
by PCR was 10.3°C (February 2019, indi-
vidual results not shown). The odds ratio 
for the detection of V. parahaemolyticus in 
our study was 7.19 times higher when the 
sea temperature was above 15°C (P < 0.001). 
However, the odds of detecting V. para-
haemolyticus were not statistically related to 
the study periods (Table 7).

As mentioned above, all samples that 
tested positive for V. parahaemolyticus by 
PCR were also tested for the presence of the 

tdh and trh genes. It was found that these 
genes were only detected in samples where 
the sea temperature at the time of sam-
pling was above 24.7°C (trh gene) or 22.5°C 
(tdh gene). Flynn et al. (2019) stated that 
the strongest positive correlation between 
sea surface temperature and three genetic 
markers (tlh, tdh, and trh) was found up 
to a threshold of 22°C, with the observed 
correlation for tdh and trh influenced by 
the total density of V. parahaemolyticus. This 
threshold of 22°C, above which no increase 
in bacterial numbers was observed, was de-
termined for the Pacific Northwest region 

Table 7. Logistic regression analysis results

Factor OR SEOR z P 95% confidence interval

Time period 0.86 0.14 -0.87 0.383 0.61–1.20

Temperature (>15 ≤15°C) 7.19 3.00 4.72 0.000 3.17–16.32

OD-odds ratio; SE-standard error; z z-value; P -probability
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of the USA. Air temperature, for which a 
statistically significant difference between 
positive and negative samples (P = 0.0116) 
was also found, could have a significant 
effect on the potential increase in bacteri-
al counts after shellfish harvesting. At the 
same time, storage conditions at tempera-
tures of up to 26°C favour the rapid multi-
plication of V. parahaemolyticus by 50 to 790 
times the initial value within 24 hours (Su 
and Liu, 2007). Cross-contamination be-
tween contaminated and uncontaminated 
mussels is also possible, emphasising the 
necessity for continuous improvement of 
hygiene procedures during distribution 
until consumption (Hara-Kudo et al., 2012). 
In regions with large intertidal fluctuations 
in sea level where farming areas are locat-
ed, mussels remain exposed to the ambient 
temperature allowing for potential prolif-
eration of V. parahaemolyticus (Flynn et al., 
2019).

In the present study, V. parahaemolyt-
icus was isolated from samples from five 
locations (Table 6 and Figure 1), with 1 to 
2 positive samples at those locations. The 
observed differences in the frequency of 
detection of this bacterium by classical 
microbiological tests were not statistically 
significant (P=0.454). The highest relative 
frequency of detection of V. parahaemolyt-
icus by PCR was recorded at location 1. 
The observed differences in the frequency 
of detection of V. parahaemolyticus by PCR 
between the different sampling locations 
were statistically significant (P = 0.043).

Locations L1, L2 and L3 had the high-
est proportion of PCR-positive results. 
They are located in a deep, relatively 
narrow bay with low-intensity maritime 
traffic, designated as a Special Marine 
Protected Area. Conversely, location L5 
is located in a bay with heavy maritime 
traffic, adjacent to a terminal for general 
cargo, livestock, and timber. Location L9, 
a large shoal, stands out with over 20 pos-
itive results. The remaining four locations 

included in this study had fewer than 20% 
positive results, with none of the location 
confirmed to be negative by PCR.

During the first study period, three 
trh-positive samples were detected at sites 
L2, L5, and L7, while in the third period, 
two samples each were detected at sites 
L4 and L7 and tdh-positive at site L3. In-
terestingly, despite having a lower overall 
frequency of positive samples (8.8% and 
14.7%), sites L4 and L7 exhibited the high-
est relative frequency of trh- and tdh- pos-
itive samples.

Conclusion
The absence of active monitoring of the 

presence of Vibrios in food, particularly 
seafood, in the European Union suggests 
that the current threat to human health 
may be underestimated. In the era of glob-
al warming, where significant increases 
in air and sea surface temperatures occur, 
favourable conditions are created for the 
proliferation of pathogens in the environ-
ment. As a result, the geographical areas 
where human gastrointestinal diseases 
caused by potentially pathogenic Vibrio 
bacteria occur have shifted to include 
the Mediterranean and the Adriatic Sea. 
Through this study, we have identified the 
presence of Vibrio parahaemolyticus, along 
with its pathogenic variants, in mussel 
samples intended for human consump-
tion. So far, no cases of illness caused by 
these bacteria have been reported in the 
Republic of Croatia, possibly due to the 
fact that there is no mandatory reporting. 

References
1.	 Anon. (2004): REGULATION (EC) No 853/2004 OF 

THE EUROPEAN PARLIAMENT AND OF THE 
COUNCIL of 29 April 2004 laying down specific 
hygiene rules for on the hygiene of foodstuffs.

2.	 Anon. (2005): COMMISSION REGULATION 
(EC) No 2073/2005 of 15 November 2005 on 
microbiological criteria for foodstuffs.

3.	 Anon. (2020): Plan praćenja kakvoće mora i 
školjkaša na proizvodnim područjima i područjima 



First report on the presence of potentially pathogenic Vibrio parahaemolyticus in farmed mussels (Mytilus galloprovincialis)  
from the Istrian aquatorium by microbiological and molecular methods
Prvo izvješće o prisutnosti potencijalno patogene bakterije Vibrio parahaemolyticus u uzgojenih dagnji (Mytilus galloprovincialis) 
istarskoga akvatorija primjenom mikrobioloških i molekularnih metoda

VETERINARSKA STANICA 56 (1), 1-12, 2025. 1111

za ponovno polaganje živih školjkaša. http://www.
veterinarstvo.hr/UserDocsImages/HranaZaZiv/
Plan.pracenja.kakvoce.mora.i.skoljkasa.2020.pdf

4.	 Anon. (2017): HRN EN ISO 21872-1:2017 
Microbiology of the food chain – Horizontal 
method for the determination of Vibrio spp. –Part 
1: Detection of potentially enteropathogenic Vibrio 
parahaemolyticus, Vibrio cholerae and Vibrio vulnificus 
(ISO 21872-1:2017; EN ISO 21872-1:2017) Hrvatski 
zavod za norme.

5.	 BEJ, A. K., D. P. PATTERSON, C. W. BRASHER, M. 
C. L. VICKERY, D. D. JONES and C. A. KAYSNER 
(1999): Detection of total and hemolysin-producing 
Vibrio parahaemolyticus in shellfish using multiplex 
PCR amplification of tl, tdh and trh. J. Microbiol. 
Methods 36, 215-225. 10.1016/s0167-7012(99)00037-8

6.	 BLANCO-ABAD, V., J. ASEDE-BERMEJO, A. 
RODRIGUEZ-CASTRO and J. MARTINEZ-
URTAZA (2009): Evaluation of different procedures 
for optimized detection of Vibrio parahaemolyticus 
in mussels and environmental samples. Int. 
J. Food Microbiol. 129, 229-236. 10.1016/j.
ijfoodmicro.2008.11.028.

7.	 ČADEŽ, V. i E. TESKEREDŽIĆ (2005): Patogeni 
mikroorganizmi i toksini koje prenose školjkaši iz 
onečišćenih područja-zoonoze. Ribarstvo 63, 135-145.

8.	 DŽAFIĆ, N., K., KVRGIĆ, L., KOZAČINSKI and A. 
HUMSKI (2021): Halophilic vibrios in shellfish as 
potentially pathogenic causative agents of zoonoses 
in humans. Vet. stn. 52, 725-736. 10.46419/vs.52.6.12

9.	 DŽAFIĆ, N. (2022): Prevalence and characterization 
of potentially pathogenic Vibrio spp. isolated from 
shellfish of production areas of the Istrian aquatory. 
Dissertation. Faculty of Veterinary Medicine, 
University of Zagreb.

10.	 FLYNN, A., B. J. K. DAVIS, E. ATHERLY, G. OLSON, 
J. C. BOWERS, A. DePAOLA and F. C. CURRIERO 
(2019): Associations of Environmental Conditions 
and Vibrio parahaemolyticus Genetic Markers in 
Washington State Pacific Oysters. Front. Microbiol. 
10, 2797. 10.3389/fmicb.2019.02797.

11.	 HARA-KUDO, Y., S. SAITO, K. OHTSUKA, et 
al. (2012): Characteristics of a sharp decrease in 
Vibrio parahaemolyticus infections and seafood 
contamination in Japan. Int. J. Food Microbiol. 157, 
95-101. 10.1016/j.ijfoodmicro.2012.04.019

12.	 IVEZIĆ-JAKŠIĆ, S. (1986): Higijensko značenje 
te postupci izolacije i determinacije Vibrio 
parahaemolyticus iz morske vode, ribe i školjkaša. 
Disertacija. Veterinarski fakultet, Sveučilišta u 
Zagrebu.

13.	 Adriatic Sea. Croatian Encyclopedia online edition. 
The Miroslav Krleža Institute of Lexicography. 
Zagreb, Croatia. 2021. Available from 6. 5. 2024. https://
www.enciklopedija.hr/clanak/jadransko-more. 

14.	 JAKŠIĆ, S., S. UHITIL, T. PETRAK, D. BAŽULIĆ, 
L. GUMHALTER KAROLY (2002): Ocurrence of 
Vibrio spp. in sea fish, shrimps and bivalve molluscs 
harvested from Adriatic sea. Food Control 13, 491-
493. 10.1016/S0956-7135(02)00027-0.

15.	 KANEKO, T. and R. R. COLWELL (1973): Ecology 
of Vibrio parahaemolyticus in Chesapeake Bay. J. 
Bacteriol. Res. 113, 24-32. 10.1128/jb.113.1.24-32.197

16.	 KANEKO, T. and R. R. COLWELL (1975): 
Adsorption of Vibrio parahaemolyticus onto Chitin 

and Copepods. Appl. Microbiol. 29, 269-274. 
10.1128/am.29.2.269-274.1975

17.	 KIM, Y. B., J. OKUDA, C. MATSUMOTO, 
N. TAKAHASHI, S. HASHIMOTO and M. 
NISHIBUCHI (1999): Identification of Vibrio 
parahaemolyticus strains at the species level by PCR 
targeted to the toxR gene. J. Clin. Microbiol. 37, 
1173-1177. 10.1128/JCM.37.4.1173-1177.1999

18.	 KITAURA, T., S. DOKE, I. AZUMA, M. IMAIDO, 
K. MIYANO, K. HARADA and E. YABUUCHI 
(1983): Halo production by sulfatase activity of 
V. vulnificus and V. cholerae O1 on a new selective 
sodium dodecyl sulfate-containing agar medium: 
a screening marker in environmental surveillance. 
FEMS Microbiol. Lett. 17, 205-209. 10.1111/j.1574-
6968.1983.tb00402.x

19.	 KREŠIĆ, G., J. PLEADIN, K. KVRGIĆ, T. LEŠIĆ, N. 
DŽAFIĆ, S. ZRNČIĆ, A. VULIĆ, T. BOGDANOVIĆ, 
D. ORAIĆ and N. VAHČIĆ (2020): Seasonal and 
geographical variations of chemical composition 
and fatty acid profile of Mediterranean mussels. J. 
Food Nutr. Res. 59, 163-173.

20.	 LEES, D. (2000): Viruses and bivalve shellfish. 
Int. J. Food Microbiol. 59, 81-116. 10.1016/s0168-
1605(00)00248-8.

21.	 LOPEZ-JOVEN, C., I. DE BLAS, M. D. FURONES 
and A. ROQUE (2015): Prevalences of pathogenic 
and non-pathogenic Vibrio parahaemolyticus 
in mollusks from the Spanish Mediterranean 
Coast. Front. Microbiol. 6, 736, 1-10. 10.3389/
fmicb.2015.00736.

22.	 LOTZ, M. J., M. L. TAMPLIN and G. E. RODRICK 
(1983.): Thiosulfate-Citrate-Bile Salts-Sucrose Agar 
and Its Selectivity for Clinical and Marine Vibrio 
Organisms. Ann. Clin. Lab. Sci. 13, 45-48.

23.	 LOZANO-LEON, A., J. TORRES, C. R. OSORIO 
and J. MARTINEZ-URTAZA (2003): Identification 
of tdh-positive Vibrio parahaemolyticus from an 
outbreak associated with raw oyster consumption 
in Spain. FEMS Microbiology Letters 226, 281-284. 
10.1016/S0378-1097(03)00604-9

24.	 MASSAD, G. and J. D. OLIVER (1987): New 
Selective and Differential Medium for Vibrio cholerae 
and Vibrio vulnificus. [published correction appears 
in Appl. Environ. Microbiol. 53, 2262-2264. 10.1128/
aem.53.9.2262-2264.1987. 

25.	 MIKUŠ, T., S. UHITIL, A. BENUSSI SKUKAN, B. 
NJARI i L. KOZAČINSKI (2010): Rizici infekcije s V. 
parahaemolyticus u hrani morskog podrijetla. Meso, 
5, 294-298.

26.	 NELAPATI, S., K. NELAPATI and B. K. CHINNAM 
(2012): Vibrio parahaemolyticus- An emerging 
foodborne pathogen – A Review. Vet. World. 5, 1, 
48-62.

27.	 NORMANNO, G., A. PARISI, N. ADDANTE, N. C. 
QUAGLIA, A. DAMBROSIO, C. MONTAGNA and 
D. CHIOCCO (2006): Vibrio parahaemolyticus, Vibrio 
vulnificus and microorganisms of fecal origin in 
mussels (Mytilus galloprovincialis) sold in the Puglia 
region (Italy). Int. J. Food Microbiol. 106, 219-222. 
10.1016/j.ijfoodmicro.2005.05.020

28.	 OLIVER, J. D. (2005): The Viable but Nonculturable 
State in Bacteria. J. Microbiol. 43, 93-100. 

29.	 OLIVER, J. D. (2009): Recent findings on the viable 
but nonculturable state in pathogenic bacteria. 



N. DŽAFIĆ, B. BOLJKOVAC BEGIĆ, K. N. BARAĆ, M. BENIĆ, S. DUVNJAK, L. KOZAČINSKI, K. KVRGIĆ and A. HUMSKI

VETERINARSKA STANICA 56 (1), 1-12, 2025.1212

FEMS Microbiol Rev. 34, 415-425. 10.1111/j.1574-
6976.2009.00200.

30.	 OTTAVIANI D., S. SANTARELLI, S. 
BACCHIOCCHI, L. MASINI, C. GHITTINO and 
I. BACCHIOCCHI (2005): Presence of pathogenic 
Vibrio parahaemolyticus strains in mussels from the 
Adriatic Sea, Italy. Food Microbiol. 22, 585-590. 
10.1016/j.fm.2005.01.005

31.	 RIBARIĆ, B, L. KOZAČINSKI, B. NJARI I Ž. 
CVRTILA (2012): Toksini školjkaša. Meso 14, 145-
151.

32.	 RIPABELLI, G., M. L. SAMMARCO, G. M. GRASSO, 
I. FANELLI and A. CAPRIOLI and I. LUZZI (1999): 
Occurrence of Vibrio and other pathogenic bacteria 
in Mytilus galloprovincialis (mussels) harvested from 
Adriatic Sea, Italy. Int. J. Food Microbiol. 49, 43-48. 
10.1016/s0168-1605(99)00056-2.

33.	 ROSEC, J. P., M. SIMON, V. CAUSSE and M. 
BOUDJEMAA (2009): Detection of total and 
pathogenic Vibrio parahaemolyticus in shellfish: 
Comparison of PCR protocols using pR72H or 
toxR targets with a culture method, Int. J. Food 
Microbiol. 129, 136-145. 10.1016/j.ijfoodmicro. 

34.	 ROSEC, J. P., V. CAUSSE, B. CRUZ, J. RAUZIER 
and L. CARNAT (2012): The international standard 
ISO/TS 21872-1 to study the occurrence of total 
and pathogenic Vibrio parahaemolyticus and Vibrio 
cholerae in seafood: Its improvement by use of 

a chromogenic medium and PCR. Int. J. Food 
Microbiol. 157, 189-194. 10.1016/j.ijfoodmicro. 

35.	 SCHETS, F. M., H. H. J. L. van den BERG, A. 
MARCHESE, S. GABROM and A. M. de RODA 
HUSMAN (2011): Potentially human pathogenic 
vibrios in marine and fresh bathing waters related 
to environmental conditions and disease outcome. 
Int. J. Hyg. Environ. Health. 214, 399-406. 10.1016/j.
ijheh.2011.05.003

36.	 SU, Y. C. and C. LIU (2007): Review Vibrio 
parahaemolyticus: A concern of seafood safety. Food 
Microbiol. 24, 549-558. 10.1016/j.fm.2007.01.005.

37.	 SUFFREDINI, E., R. MIONI, R. MAZZETTE, P. 
BORDIN, P. SERRATORE, F. FOIS, A. PIANO, 
L. COZZI and L. CROCI (2014): Detection and 
quantification of Vibrio parahaemolyticus in shellfish 
from Italian production areas. Int. J. Food Microbiol. 
184, 14-20. 10.1016/j.ijfoodmicro. 

38.	 VERNOCCHI, P., M. MAFFER, R. LANCIOTTI, G. 
SUZZI and F. GARDINI (2007): Characterization of 
Mediterranean mussels (Mytilus galloprovincialis) 
harvested in Adriatic Sea (Italy). Food Control. 18, 
1575-1583. 10.1016/j.foodcont.

39.	 YU, W. T., K.-J. JONG, Y. R. LIN, S. E. TSAI, Y. H. 
TEY and H. C. WONG (2013): Prevalence of Vibrio 
parahaemolyticus in oyster and clam culturing 
environments in Taiwan. Int. J. Food Microbiol. 160, 
185-192. 10.1016/j.ijfoodmicro.2012.11.002

Prvo izvješće o prisutnosti potencijalno patogene bakterije 
Vibrio parahaemolyticus u uzgojenih dagnji (Mytilus 
galloprovincialis) istarskoga akvatorija primjenom 
mikrobioloških i molekularnih metoda

Dr. sc. Natalija DŽAFIĆ, dr. med. vet., stručna suradnica, Barbara BOLJKOVAC BEGIĆ, dr. 
med. vet., stručna suradnica, Karmela Nina BARAĆ, dr. med. vet., stručna suradnica, Hrvatski 
veterinarski institut - podružnica Veterinarski zavod Rijeka, Hrvatska; dr. sc. Miroslav BENIĆ, 
znanstveni savjetnik u trajnom zvanju, dr. sc. Sanja DUVNJAK, znanstvena suradnica, Hrvatski 
veterinarski institut, Zagreb, Hrvatska; dr. sc. Lidija KOZAČINSKI, dr. sc., redovita profesorica, 
Veterinarski fakultet Sveučilišta u Zagrebu, Hrvatska; dr. sc. Kristina KVRGIĆ*, viša stručna 
suradnica, Hrvatski veterinarski institut - podružnica Veterinarski zavod Rijeka; dr. sc. Andrea 
HUMSKI, znanstvena savjetnica, Hrvatski veterinarski institut, Zagreb, Hrvatska

Primjenom mikrobioloških i molekularnih 
tehnika, pretraženo je 328 uzoraka školjkaša da-
gnji (Mytilus galloprovincialis), uzgojenih na po-
dručju istarskoga akvatorija. Rezultati ukazuju na 
smanjenu osjetljivost mikrobiološke tehnike (2.44 
%) u odnosu na molekularnu dijagnostiku kojom 
je dokazana prisutnost bakterije V. parahaemolyti-
cus u 21,34 % uzoraka. Izgledi za dokazivanje pri-
sutnosti ove bakterije su 7,19 puta veći kada je po-
vršinska temperatura mora veća od 15 °C, dok su 
geni za kodiranje termostabilnog direktnog hemo-

lizina (TDH) i hemolizina ovisnog o TDH (TRH) 
u uzorcima dokazani pri temperaturama mora 
iznad 22,5 °C, odnosno 24,7 °C. Udio TDH i TRH 
pozitivnih uzoraka iznosio je 10 % od ukupnih 70 
V. parahaemolyticus-pozitivnih uzoraka. S obzirom 
na nedostatak zakonske obveze praćenja prisutno-
sti ove bakterije moguće je oboljevanje ljudi nakon 
konzumacije sirovih ili termički nedostatno obra-
đenih školjkaša. 

Ključne riječi: dagnje, Vibrio parahaemolyticus, 
mikrobiološka metoda, PCR


