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aBSTracT
Vibrioses caused by different members of the genus Vibrio are common diseases in aquaculture characterised 

by systemic infections, high mortalities, and economic losses of fish and shellfish. Farming of European sea bass 
(Dicentrarchus labrax) and gilthead seabream (Sparus aurata) has rapidly grown over the last decade in Croatia but 
its economic efficacy is significantly jeopardized by losses due to Vibrio anguillarum and Vibrio harveyi infection. 
Therefore, we studied and compared the most prominent similarities and differences in the environmental conditions, 
clinical signs and conventional and molecular diagnostic methods of vibriosis caused by both bacterial pathogens. 
Outbreaks in sea bass and sea bream caused by V. anguillarum mostly occur during the spring and autumn, following a 
fast increase or decrease in the sea temperature, whereas infections with V. harveyi occur during the summer months at 
a temperature above 20oC. They have a similar clinical appearance in the acute form but in subacute forms they differ. 
V. anguillarum infection is characterized by massive haemorrhages in the abdominal wall, while during infection 
with V. harveyi keratitis, corneal opacity and uncoordinated swimming behaviour are noticed. Necropsy disclosed 
haemorrhages in the liver, intestine and stomach during infection with V. anguillarum, and sero-catarrhal enteritis with 
distension of the intestine and ascites in the case of V. harveyi. Although molecular tools enable correct identification, 
in this study we defined the main differences capable of distinguishing V. anguillarum from V. harveyi based on 
traditional bacteriological identification such as sensitivity to O/129 (10 µg) and novobiocin, and the enzymatic 
activity of β-galactosidase, arginine dihydrolase and amygdalin fermentation.
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Introduction
Vibrioses caused by different members of the 

genus Vibrio are common diseases in aquaculture, 
characterized by systemic infections, high 
mortalities and economic losses in fish and shellfish 

(FrANS et al., 2011). Bacteria of the genus Vibrio 
are Gram-negative, fermentative bacteria with polar 
flagella, they are oxidase-positive, and most of them 
require sodium chloride for growth. Various Vibrio 
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species are environmental bacteria, inhabitants 
in brackish and marine waters. It is suggested 
that V. anguillarum, V. ordalii, V. salmonicida, V. 
harveyi and V. vulnificus are pathogens that cause 
the greatest losses in aquaculture worldwide 
(TORANzO et al., 2005; SANDluND et al., 
2010; SITjà- BOBADIllA et al., 2014).

Some commercially important marine fish 
species, including European sea bass (Dicentrarchus 
labrax), gilthead seabream (Sparus aurata), 
sole (Solea senegalensis), turbot (Scophthalmus 
maximus) and Atlantic salmon (Salmo salar), are 
seriously affected by vibriosis in many countries 
(KORuN and TIMur, 2008). Generally, the term 
‘vibriosis’ has been used to define V. anguillarum 
infections (GHITTINO et al., 2003) and V. 
anguillarum has become widely spread in various 
cultured and wild fish, bivalves and crustaceans in 
salt or brackish water, causing a fatal haemorrhagic 
septicaemic disease (AGuIrrE-GuZMáN et al., 
2004; PAIllARD et al., 2004; TORANzO et al., 
2005). 

V. harveyi is commonly found in the marine 
environment and the physiological intestinal 
microflora of free-living marine organisms 
(RuBy and MOrIN, 1979; HERNANDEz et 
al., 2004). Nevertheless, numerous isolates have 
been described as causative agents of disease in 
marine fish (AlVAREz et al., 1998; zHANG et 
al., 2000; PuJALTE et al., 2003), crustaceans 
(KARuNASAGAR et al., 1994; lAVIllA-
PITOGO et al., 1998) and shellfish (NIShIMOrI 
et al., 1998).

Vibriosis is generally characterized by dark skin 
coloration, pale gills, and haemorrhages near the 
mouth and on the fin base, exophthalmia, corneal 
opacity and ulcers on the skin surface. Internally, 
moribund fish show severe anaemia and have 
haemorrhages in the abdominal fat, kidney and 
liver (TORANzO et al., 2005; zORRIllA et al., 
2003a).

European sea bass is one of the economically 
most important fish species in the Mediterranean 
region (VArSAMOS et al., 2006; AFONSO et 
al., 2005), and vibrioses are reported as highly 
detrimental bacterial diseases affecting sea bass 
farming (TORANzO et al., 2005; PujAlTE et 

al., 2003; zORRIllA et al., 2003b). Farming 
of European sea bass and gilthead sea bream in 
Croatia has been growing rapidly over the last ten 
years (KATAVIć and GAVrILOVIć, 2017) and 
significant economic loss is caused by infection 
with bacteria V. anguillarum and V. harveyi 
(ČOLAK and ZrNČIć, 2015).

This paper aims to present and compare the 
most prominent similarities and differences in 
the environmental conditions, clinical signs 
and diagnostics of vibriosis caused by both V. 
anguillarum and V. harveyi in the farming of 
European sea bass in Croatia, based on our findings 
between 2013 and 2019.

Materials and methods
Environmental conditions and sampling. 

The environmental conditions and clinical signs 
of the disease were monitored in a marine fish 
farm in the central Eastern Adriatic. The fish are 
farmed in net pens with a diameter ranging from 
8 to 12 m and with the depth of the nets of 6 to 
8 meters. The average density was up to 10 kilos 
per m3. The depth under the cages is from 15 to 30 
meters, and the distance to the shore is from 100 
to 500 meters. Mostly specimens weighing from 
40 to 150 grams were monitored. Temperatures 
and mortalities in the growing cages were noted 
daily. Mortalities were calculated as a percentage 
of dead fish during the outbreak in a cage with 
approximately 40,000 individuals. Changes in the 
behaviour and appearance of the fish were checked. 
Fish showing an unusual appearance and behaviour 
were sampled for necropsy and further laboratory 
analysis. We euthanized fish with an overdose of 
MS-222 (EFSA, 2009).

Additionally, samples from other farms on 
different sites along the Adriatic coast submitted 
for diagnostics were included in the study (Fig. 1).

External examination and the necropsy. 
Changes in the external appearance of the fish 
were determined with the naked eye. We examined 
body cavities, gills and fins. Skin observation 
included any discolouration, swelling, lesions, or 
haemorrhages. We then removed the operculum and 
observed the appearance and colour of the gills and 
the possible presence of macroscopically visible 
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ectoparasites. We prepared native preparations of 
gills using the standard technique, and examined 
them microscopically at low magnification. After 
opening the body cavity, the viscera were visually 
inspected for abnormalities such as discoloration or 

mottled appearance, enlargement, haemorrhages, 
abscesses or cyst, fluid in the abdominal cavity, and 
any foreign bodies, such as metazoan parasites or 
tissue growths etc.  

Fig. 1. Map of Croatian Adriatic coast showing sampling sites

Isolation and identification of bacterial isolates. 
After the aseptic opening of the abdominal cavity 
of the fish, material from the heart, spleen and 
kidney was sampled using a sterile inoculating 
loop, and streaked onto solid bacteriological media. 
The plates were incubated at 22 ± 2°C for 24-48 
hours. For isolation of the V. anguillarum and V. 
harveyi, the non-selective media Marine Agar 

(MA, Difco, uSA) and Trypticase Soy agar (TSA), 
supplemented with 1.5% NaCl (Difco, uSA) 
were used. Colonies grown on solid media were 
transferred onto selective medium Thiosulfate-
Citrate-Bile Salts-Sucrose (TCBS, Difco, uSA). 
The isolated bacterial colonies morphologically 
corresponding to the colonies of the species 
V. anguillarum and V. harveyi (AuSTIN and 
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AuSTIN, 2012), were kept at +4 ± 2ºC on slant 
MA. The isolates were identified on the basis of the 
morphology of the bacterial colonies, and tinctorial 
and biochemical properties. In the first step, the 
bacterial colonies were checked for purity under 
a reverse microscope, followed by the preparation 
of Gram-stained smears to differentiate Gram-
positive and Gram-negative bacteria (HABRuN, 
2014). Motility was determined using an API M 
Medium (BioMerieux, France), according to the 
manufacturer’s instructions. A glucose oxidation-
fermentation test was conducted using an OF 
Medium (BioMerieux, France), according to the 
manufacturer’s instructions. The production of the 
catalase was tested by the detection of foaming on a 
glass slide after the addition of 3% solution hydrogen 
peroxide to the bacterial colony (HABRuN, 
2014). Oxidase was demonstrated by detecting the 
colour change after wetting the filter paper with 
Oxidase reagent Droppers (Becton, Dickinson 
and Company, uSA), transferring the colonies 
from agar, and rubbing them onto filter paper. 
Bacteria of the Vibrio genus were differentiated 
from others by the vibriostat O/129 susceptibility 
test using discs impregnated with 150 μg and 10 μg 
of 2,4-diamino-6,7-diisopropylpterydine (Oxoid, 
uSA), respectively, and 5 μg of novobiocin (BD, 
uSA) placed on Mueller-hinton agar (Difco, uS) 
supplemented with 1.5% NaCl, and inoculated with 
24 hours bacterial culture. The type of haemolysis 
was determined visually in bacterial colonies 
grown on blood agar supplemented with 1.5% NaCl 
incubated 24-48 hours at 22 ± 2°C. The oxidative 
or fermentative metabolism of carbohydrates 
was determined, using a semi-solid substrate, 
containing glucose and bromothymol blue as ph 
indicators. Each isolate was inoculated into two 
tubes, one was sealed with sterile paraffin oil, and 
both were incubated at 30 ± 2°C. Salt tolerance 
was determined in peptone water with the addition 
of 0.5%, 3%, 6% and 10% salt. To determine the 
bacterial species, multiple biochemical properties 
were tested using API 20E (BioMerieux S.A., 
Marcy-l'Etoile, France) (use of β-galactosidase 
(ONPG), arginine, lysine, ornithine, citrate, 
production of hydrogen sulphides, indole, the 

Voges Proskauer test, hydrolyzing urea, degrading 
gelatine, fermentation of glucose, mannose, 
inositol, sorbitol, melibiose, amygdalin, arabinose 
and reduction of nitrates to nitrites). The tests were 
carried out after incubation for 24 to 48 hours at 28 
± 2°C, and in some of the wells the colour changed 
due to ph differences. We read results according to 
the manufacturer's instructions. Identification of all 
strains was confirmed using different polymerase 
chain reaction (PCr) protocols. 

Molecular identification of isolated bacterial 
isolates. DNA from bacterial colonies was 
extracted using the NucleoSpin Microbial DNA 
kit (Macherey-Nagel, Germany) according to 
the manufacturer’s instructions. To confirm the 
genus identity of all used isolates, we amplified 
the 16s rrNA gene sequence using primers 
27FYM (5’-AGAGTTTGATYMTGGCTCAG-3’) 
(FrANK et al., 2008) and 1492yR 
(5’-TACGGyTACCTTGTTACGACTT-3’) 
(NEwBy et al., 2004). PCr was set up as follows: 
with 10 μl of GoTaq G2 hot Start Master Mix 
(Promega, uSA), 2 μl DNA, 0.5 μM of each primer 
and nuclease-free water to a final volume of 20 μl. 
The amplification was performed using a ProFlex 
PCr System (Applied Biosystems, uSA) with an 
initial denaturation at 95°C for 2 minutes, followed 
by 35 cycles of denaturation at 95°C for 60 seconds, 
primer annealing at 50°C for 30 seconds, elongation 
at 72ºC for 90 seconds, ending with the final 
elongation step at 72ºC for 7 minutes. The results of 
PCr were analysed by electrophoresis on a QIAxcel 
system (Qiagen, Germany), using the QIAxcel 
DNA Screening Kit. PCr products were sequenced 
by Macrogene (Netherlands). The obtained 
sequences were compared against The Nucleotide 
database (2020) using BlAST (jOHNSON et al., 
2008), and identified taxonomically on the basis 
of similarities greater than 99%. V. anguillarum 
was additionally identified by amplifying the amiB 
gene sequence using the PCr method developed 
by GyEONG-EuN et al. (2007). PCr was 
performed as above, but using the primers van-
ami8 (5’-ACATCATCCATTTGTTAC-3’) and van-
ami417 (5’-CCTTATCACTATCCAAATTG-3’), 
with the following changes to the temperature 
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protocol: the primer annealing temperature was set 
to 54°C, and the elongation time in each cycle to 30 
seconds. Identification of V. harveyi was performed 
by specific amplification of the toxr gene (PANG 
et al., 2006). PCr was performed in the same way 
as for the amiB gene, but using the primers toxrF1 
(5’-GAAGCAGCACTCACCGAT-3’) and toxrr1 
(5’-GGTGAAGACTCATCAGCA-3’), with an 
annealing temperature of 55°C. 

Susceptibility testing. The susceptibility of 
isolated bacteria to antimicrobials was determined 
by disc diffusion and microdilution methods. 
The disc diffusion test (BAuER et al., 1966) was 
performed on Mueller-hinton agar (Difco, uSA) 
supplemented with 1% NaCl, using the following 
discs: ampicillin 25 μg (Oxoid, uK), trimethoprim/
sulfadiazine 1.25/23.75 μg (Becton Dickinson 
and Company, uSA), florfenicol 30 μg (Oxoid, 
uK), oxytetracycline 30 μg (Becton, Dickinson 
and Company, uSA), flumequine 30 μg (Becton, 
Dickinson and Company, uSA), nalidixic acid 
30 μg (Becton, Dickinson and Company, uSA), 
gentamicin 30 μg (Oxoid, uK) and neomycin 30 
μg (Oxoid, uK). The plates were incubated at 
28±2oC and read after 24 to 28 hours by measuring 
the inhibition zone around each different antibiotic 
disc in mm (SMITh and EGAN, 2018). The 
Minimum Inhibitory Concentrations (MICs) of the 
antimicrobial substances (ampicillin, erythromycin, 
florfenicol, oxytetracycline, oxolinic acid, and 
trimethoprim-sulfamethoxazole) for V. anguillarum 
and V. harveyi isolates were determined using 
VetMIC Aquatic (SVA, Sweden). CAMhB 
(Muller-hinton Broth Adapted Cation) (Becton, 
Dickinson and Company, uSA) was prepared 
according to the manufacturer’s instructions. 
The bacterial suspension was according to the 
manufacturer’s instructions inoculated into each 
well of the VetMIC panel, and incubated for 48 
hours at 22°C.  All substances in the commercial 
panel were diluted in concentrations ranging 
from 16 to 0.002 mgl-1 except trimethoprim-
sulfamethoxazole, which was diluted from 4/76 

to 0.03/0.06 mgl-1 (Table 5). The conditions for 
these assays were based on those provided in the 
ClSI guideline VET04-A2 for microdilution 
susceptibility testing of non-fastidious organisms. 
The plates were incubated at 28±2oC and read 
after 24 to 28 hours (CLSI, 2014; SMITh et al., 
2013). The highest dilution of antibiotic at which 
no growth was visually determined was considered 
to be the MIC (zrNČIć and PAVlINEC, 2020).

results
Environmental conditions and mortalities 

associated with V. anguillarum and V. harveyi 
outbreaks. Temperature and mortalities were noted 
daily as the production results indices. The regimes 
of temperatures associated with V. anguillarum 
outbreaks in October 2014 and 2016 were decreases 
from 20.0 oC to 16.5 oC, and from 20.0 oC to 17.0 
oC, respectively, while in May 2013 there was an 
increase from 14.0 oC to 19.0 oC; in May 2014 
from 17.0 oC to 19.0 oC and in May 2016 from 
17.5 oC to 20.0 oC (Fig. 2a). Mortalities caused by 
V. anguillarum were about 1.5 % in October 2014, 
3.12 % in October 2016, 1.7 % in May 2013, 1.6% 
in May 2014 and 2.7 % in May 2016 (Fig. 2c). In 
all cases, antibacterial treatment was undertaken 
soon after the increase in the number of dead 
individuals. Temperatures during the outbreak of 
V. harveyi during August 2017 fluctuated between 
21.0 and 26.0 oC; in July 2018 and August 2018 
between 23.0 and 26.0 oC; in August 2019 between 
21.0 and 26.0 oC and in September 2019 between 
22.0 and 24.7 oC (Fig. 2b). Mortalities were up to 
4.6 % in August 2017, 1.6 % in July 2018, 4.5 % 
in August 2018, 5.3 % in August 2019 and 4.6 % 
in September 2019 (Fig. 2d). Just as in the case 
of the outbreaks of V. anguillarum, antibacterial 
treatments were commenced soon after the increase 
in the number of dead individuals.
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Fig. 2. regimes of temperatures and mortality rates associated with V. anguillarum and V. harveyi
Temperatures of the sea during the V. anguillarum outbreaks (1a). Temperatures of the sea during the V. harveyi 
outbreak (1b). Mortalities during V. anguillarum outbreaks (1c). Mortalities during the V. harveyi outbreak (1d). 

Mortalities are expressed as the number of dead specimens daily in a cage with approximately 40,000 individuals.

External examination and necropsy. The results 
of the external examination and necropsy are 
summarized in Table 1. In seabass infected with 
V. anguillarum loss of scales, erythema around 
the mouth and vent, haemorrhages on the head, 
operculum, the fin bases, oedematous lesions 
in the skin, and ulceration and pale gills with 
haemorrhages were observed. More pronounced 
subacute cases were characterized by massive 
haemorrhages on the abdominal wall, head and 
operculum, while in the chronic course large 
granulating lesions in musculature and even 
ulceration, and severe anaemia of the gills, with 
grey corneal opacity were observed (Fig. 3a and 
3b). Specimens infected with V. harveyi showed 
depigmentation, erosions, haemorrhages at the 
base of the fins, kidney necrosis, skin ulceration, 

keratitis, corneal opacity, exophthalmia and pale 
gills, with haemorrhages (Fig. 3c and 3d). In 
specimens infected with V. anguillarum, autopsy 
showed haemorrhages on the liver and posterior 
part of the intestines, rarely in the stomach (Fig. 
3e). Those infected with V. harveyi showed sero-
catarrhal enteritis, with distension of the intestines, 
which were filled with white to yellowish exudate 
(Fig. 3f). 

Results of bacteriological examination. During 
the study some other bacterial pathogens were 
isolated and stored. Since comparison of the 
bacterial species V. anguillarum and V. harveyi was 
the topic of this study, we will only consider these 
two species. A total of 30 V. anguillarum isolates 
and the same number of V. harveyi isolates were 
isolated from sea bass from different farms along 
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Table 1. Differences in macroscopic changes between fish infected with V. anguillarum and V. harveyi

Macroscopic changes Infection with V. 
anguillarum

Infection with V. 
harveyi

loss of scales + +
haemorrhages on fin basis, operculum, the head + +
Erythema around the mouth and vent + +/-
Depigmentation - +
Edematous lesions in the skin, + +
Massive haemorrhages on the abdominal wall + -
Keratitis, corneal opacity - +
uncoordinated swimming - +
Haemorrhages on the liver, intestine, stomach + -
Sero-catarrhal enteritis with distension of the intestine - +
Exophthalmia + +
ulceration + +
Pale gills + +
Granulating lesions in musculature + -

the Croatian Adriatic coast (Fig. 1) and identified 
and compared. All isolates grew on TCBS medium 
as yellow colonies due to glucose fermentation, 
and they were Gram-negative and showed motility. 
All V. anguillarum isolates grew in peptone water 
with the addition of 0.5 to 6% NaCl, while none 
grew in peptone water with the addition of 10% 
NaCl. All V. harveyi isolates grew in peptone water 
with the addition of 0.5 to 3% NaCl, five did not 
grow at 6% NaCl and none grew in 10% NaCl. All 
V. anguillarum isolates caused β-haemolysis just 
like all the V. harveyi isolates. All isolates showed 
enzyme oxidase and catalase. All V. anguillarum 
and V. harveyi isolates showed fermentative 
metabolism of carbohydrates. All isolates of both 
species were sensitive to vibriostat O/129 (150 mg), 
while there were some differences in sensitivity to 
O/129 (10 mg) and novobiocin, which are shown 
in Table 2. Among the 26 biochemical properties 
tested of the isolated V. anguillarum, 21 were 
determined using the API 20 E system (Table 3). All 
isolates had the enzyme β-galactosidase (ONPG) 
and most tested (25 out of 30) isolates possessed 
the arginine dihydrolase enzyme (ADh). None of 
them had ornithine decarboxylase (ODC) or lysine 
decarboxylase (LDC). All isolates produced acetoin 
in the Voges Proskauer test. None of the tested V. 
anguillarum was capable of utilizing citrate, and 
they could not release hydrogen sulphide from 

the amino acid. All tested isolates were capable 
of conversion of the amino acid tryptophan into 
indole, and could produce nitrate. Due to enzymatic 
activity, all isolates had gelatinase but tryptophan 
deaminase was not produced. The enzyme urease 
was present in only 2 out of 30 isolates. All isolates 
fermented glucose, sorbitol, rhamnose and sucrose, 
mannose was fermented by half the isolates, while 
12 out of 30 isolates fermented arabinose, but none 
fermented inositol, melibiose and amygdalin. The 
same scheme of determination of biochemical 
properties was applied for V. harveyi and it was 
found that none of them had β-galactosidase 
(ONPG), arginine dihydrolase (ADH), ornithine 
decarboxylase (ODC) or enzyme urease. All of 
them were capable of conversion of the amino 
acid tryptophan into indole, and they degraded 
gelatine, but none of them had the tryptophan 
deaminase. Two out of 30 isolates had the enzyme 
lysine decarboxylase (LDC). All isolates fermented 
glucose, rhamnose, sucrose and amygdalin, while 
mannose was fermented by 27 out of 30 isolates. 
No isolated bacteria fermented inositol, melibiose 
and arabinose. None of the isolates tested positive 
for the Voges Proskauer test, five isolates out of 
thirty were capable of utilizing citrate, and none 
released hydrogen sulphide from the amino acid, 
but all produced nitrate (Table 3).
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Fig. 3. External changes and necropsy of seabass infected with V. anguillarum and V. harveyi
Seabass infected with V. anguillarum showed massive haemorrhages on the abdominal wall, head and opercula 

(a and b). Specimens infected with V. harveyi showed depigmentation, erosions, haemorrhages at the base of 
fins, necrosis, ulceration, keratitis, corneal opacity, exophthalmia and pale gills with haemorrhages (c and d). 

haemorrhages on the liver and posterior part of the intestine, rarely in the stomach, in a specimen infected with V. 
anguillarum (e). Sero-catarrhal enteritis with distension of the intestines, filled with white to yellowish exudate in 

those infected with V. harveyi (f).
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Table 2. Physiological and biochemical properties of isolated V. anguillarum and V. harveyi isolates

Property

NaCl
0.5%

NaCl
3.0%

NaCl
6.0%

NaCl
10.0% Oxidase Catalase

O/129
150µg

O/129
10µg

Novo
biocin OF

Type of
hemolysis

Isolates

V. anguillarum
(n=30) 30/30 30/30 30/30 0/30 30/30 30/30 30/30 S 25/30 S 28/30 S 30/30 β (30/30) 

V. anguillarum
(Manfrin 2020) + + + - + + S S n/a + n/a

V. harveyi
(n=30) 30/30 30/30 25/30 0/30 30/30 30/30 30/30 S 30/30 R 30/30 R 30/30 β (30/30)

V. harveyi
(Pretto 2020) + + + - + + S R n/a + α & β 

≈50%

Legend: S = sensitive, r = resistant, OF = glucose oxidation-fermentation test

Table 3. Biochemical properties of isolated V. anguillarum and V. harveyi isolates determined by API 20E system

Isolates
V. anguillarum

(n=30)
V. anguillarum

(Manfrin, 2020)
V. harveyi

(n=30)
V. harveyi

(Pretto 2020)

Property
ONPG 30/30 + 0/30 -
ADH 25/30 + 0/30 -
lDC 0/30 - 2/30 +
ODC 0/30 - 0/30 +
CIT 0/30 v 5/30 +
H2S 0/30 - 0/30 -
uRE 2/30 - 0/30 -
TDA 0/30 n/a 0/30 -
IND 30/30 + 30/30 +
VP 30/30 + 0/30 -
GEl 30/30 + 30/30 +
Glu 30/30 + 30/30 +
MAN 15/30 + 27/30 +
INO 0/30 - 0/30 -
SOR 30/30 + 22/30 +
RHA 30/30 - 30/30 -
SuC 30/30 + 30/30 +
MEL 0/30 - 0/30 -
AMY 0/30 + 30/30 +
ARA 12/30 + 0/30 -
NO2 30/30 + 30/30 +

Legend: ONPG = β-galactosidase, ADh = arginine dihydrolase, LCD = lysine decarboxylase, ODC = ornithine decarboxylase, CIT = 
citrate, h2S = hydrogen sulphide production, urE = urease, TDA = tryptophan deaminase, IND = indole, VP = Voges-Proskauer, GEL = 
gelatinase, GLu = glucose, MAN = mannitol, INO = inositol, SOr = sorbitol, rhA = rhamnose, SAC = sucrose, MEL = melibiose, AMY 
= amygdalin, ArA = arabinose, NO2 = reduction of nitrates to nitrites; n/a = not available; v = variable 
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The sensitivity of isolated bacterial isolates of V. 
anguillarum and V. harveyi to antibacterial agents. 
The disc diffusion test showed that all V. anguillarum 
isolates were from sensitive to moderately sensitive 
to trimethoprim-sulfamethoxazole, flumequine 
and florfenicol by disc diffusion. Only five V. 
anguillarum isolates were susceptible to ampicillin, 
while the others were resistant. Twenty-nine isolates 
showed sensitivity or moderate sensitivity to 
oxytetracycline, while one isolate was completely 
resistant to this antibacterial agent (Table 4). Isolates 
of V. harveyi tested by disc diffusion methods were 
found to be resistant to gentamicin and neomycin. 
They were from sensitive to moderately sensitive 
to trimethoprim-sulfamethoxazole and florfenicol, 
and moderately sensitive to nalidixic acid. Twenty-
five isolates were sensitive and moderately sensitive 
to oxytetracycline, five isolates were completely 
resistant to this antibacterial agent (Table 4).

Table 4. Susceptibility of isolated V. anguillarum and 
V. harveyi isolates to antibacterial substances (disc 

diffusion method according to PRETTO, 2018)

Antimicrobial
substance

Disc 
content

μg

Results for
V. anguillarum

(n=30)

Results 
for

V. harveyi
(n=30)

Ampicillin 25 5/30 I
25/30 R n/d

Trimethoprim-
sulfamethoxazole 1.25/23.75 27/30 S

3/30 I
27/30 S
3/30 I

Florfenicol 30 28/30 S
2/30 I

28/30 S
2/30 I

Oxytetracycline 30
24/30 S
5/30 I
1/30 R

23/30 S
2/30 I
5/30 R

Flumequine 30 30/30 S 30/30 S

Nalidixic acid 30 n/d 30/30 I
Gentamicin 30 n/d 30/30 R
Neomycin 30 n/d 30/30 R

legend: S = sensitive, I = intermediate, R = resistant

The sensitivity of V. anguillarum and V. harveyi 
isolates to antibacterial agents by the microdilution 
method. All the tested V. anguillarum isolates were 
inhibited by low concentrations of florfenicol, 
oxytetracycline, oxolinic acid and trimethoprim-
sulfamethoxazole, but were resistant to ampicillin 

and erythromycin (Table 5).  All tested V. harveyi 
isolates were inhibited by low concentrations 
of florfenicol, oxytetracycline, trimethoprim-
sulfamethoxazole and oxolinic acid, and resistant 
to ampicillin and erythromycin (Table 6).

Table 5. Minimum inhibitory concentration (MIC) values (mg L-1) determined for 30 V. anguillarum isolates

Antimicrobial 
substance
mgl-1

No of 
isolates

0.002 0.004 0.008 0.015 0.03 0.06 0.12 0.25 0.5 1 2 4 8 16

Ampicillin 30
Erythromycin 30
Florfenicol 30 15 2 13
Oxytetracycline 30 10 20
Oxolinic acid 30 15 10 2 3
Trimethoprim-
Sulfamethoxazole* 30 30

*dilution of the trimethoprim-sulfamethoxazole was from 4/76 to 0.03/0.06
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Table 6. Minimum inhibitory concentration (MIC) values (mg L-1) determined for 30 V. harveyi isolates

Antimicrobial 
substance
mgl-1

No of 
isolates

0.002 0.004 0.008 0.015 0.03 0.06 0.12 0.25 0.5 1 2 4 8 16

Ampicillin 30
Erythromycin 30
Florfenicol 30 20 10
Oxytetracycline 30 10 20
Oxolinic acid 30 5 25
Trimethoprim-
Sulfamethoxazole* 30 25 5

*dilution of the trimethoprim-sulfamethoxazole was from 4/76 to 0.03/0.06

Results of molecular identification of isolated 
bacterial isolates of V. anguillarum and V. harveyi. 
Analysis of partial 16S rrNA gene sequences 
using BLAST showed that all isolates belonged 
to the Vibrio genus. Isolates that were suspected 
to be V. anguillarum showed over 99% sequence 
similarity with most V. anguillarum sequences 
available in the database. Likewise, suspected 
V. harveyi isolates showed over 99% sequence 
similarity with V. harveyi sequences. All the 
suspected V. anguillarum isolates were confirmed 
as V. anguillarum by amplification of the amiB 
gene. The amplified product was 429 bp long, as 
expected. All the suspected V. harveyi isolates 
were confirmed as V. harveyi by amplification of 
the toxr gene. The amplified product was 382 bp 
long, as expected. 

Discussion
The aquaculture sector plays an important 

role in sustaining food security and contributing 
to economic growth (MOhD-ArIS et al., 2019). 
Vibriosis is nowadays a limiting factor in sea 
bass aquaculture throughout the Mediterranean 
region (HAENEN et al., 2014) and in recent 
years, increasingly frequent outbreaks caused by 
the emerging pathogen V. harveyi, have occurred. 
The results of our study show that vibriosis caused 
by either V. anguillarum or V. harveyi has a very 
similar clinical appearance in its acute forms, such 
as dark pigmentation or haemorrhages on the fin 
bases and operculum or loss of scale. The subacute 
forms are different, with massive haemorrhages 

in the abdominal wall in fish infected with V. 
anguillarum and keratitis, corneal opacity and 
uncoordinated swimming behaviour in fish infected 
with V. harveyi. however, it should be highlighted 
that samples submitted during the summer months 
exhibiting nerve symptoms were usually tested for 
the presence of viral nervous necrosis (VNN).

Necropsy usually disclosed some additional 
differences in the subacute course of the disease, 
similar to the signs provoked by the challenge of 
seabass with a pure culture of V. harveyi, such as 
external haemorrhages in the mouth, operculum 
and fins, and inflammation of the vent (FIrMINO 
et al., 2019). It should be highlighted that outbreaks 
in Croatia caused by V. anguillarum mostly occur 
during the spring and autumn, following a rapid 
increase or decrease in the sea temperature, which 
supports the findings of HAENEN et al. (2014). In 
contrast, infections with V. harveyi occur during the 
summer months at temperatures of 20oC and over, 
and most often independently to variations in the 
water temperature, but often due to changes in the 
weather or farming conditions. Our study showed 
that sometimes during September it is possible 
to diagnose outbreaks caused by both Vibrio 
pathogens. 

Determination of the haemolysis type showed 
that β haemolysis dominated in our V. anguillarum 
isolates, which matches the data provided by 
AuSTIN and AuSTIN (2012). Similarly, all V. 
harveyi isolates showed β haemolysis, which is in 
line with findings of rATTANAMA et al. (2012).

Sodium chloride tolerance studies showed that 
our V. anguillarum isolates grew in peptone water 
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supplemented with 0.5% to 6% NaCl, while they 
did not grow in peptone water supplemented with 
10% NaCl, which is in line with the data reported 
by AuSTIN and AuSTIN (2012). Likewise, most 
of our V. harveyi isolates grew in peptone water 
supplemented with 0.5 to 6%, while 5/30 isolates 
could not grow at 6% of NaCl, which is in contrast 
to the findings of lOPEz et al. (2009) who observed 
growth of their V. harveyi isolates in peptone water 
supplemented with 3 to 8% of NaCl. however, 
TENDENCIA (2002) observed a similar growth 
pattern regarding the salt tolerance in isolates from 
cage-cultured Asian seabass, and this points to the 
conclusion of a diversities in salt tolerance among 
geographically different isolates.

Identification of isolates using the API 20 
E system revealed that V. harveyi, unlike V. 
anguillarum, could not utilize β-galactosidase to 
produce acetoin in the Voges Proskauer test, but 
could produce nitrate. Both isolates fermented 
glucose and sucrose, but did not ferment melibiose. 
Another difference was susceptibility to O/129 
10mg and novobiocin:; almost all our V. anguillarum 
isolates were sensitive to both substances, while 
all V. harveyi isolates were resistant to them. 
Interestingly, this finding is opposite to the findings 
of KORuN and TIMur (2008), who reported that 
all their isolates of V. harveyi were sensitive to both 
O/129 150mg and O/129 10mg but in line with 
findings of AuSTIN and AuSTIN (2012). 

Susceptibility testing of isolated bacteria to 
antimicrobial substances is an indispensable part 
of diagnostic procedures. hence, we tested the 
susceptibility of V. anguillarum and V. harveyi 
isolates to antibacterial agents by both disc 
diffusion and microdilution methods. Both bacterial 
species showed sensitivity to trimethoprim-
sulfamethoxazole and florfenicol with the disc 
diffusion method in the majority of isolates of 
both species. V. anguillarum and V. harveyi were 
sensitive to moderately sensitive to oxytetracycline 
in a similar percentage. The results of susceptibility 
testing using the microdilution method were 
in line with those obtained by disc diffusion, 
and showed that V. anguillarum was resistant 
to erythromycin. V. anguillarum and V. harveyi 
isolates were inhibited by similar concentrations 

of florfenicol and oxytetracycline. V. anguillarum 
was inhibited by lower concentrations of oxolinic 
acid and trimethoprim-sulfamethoxazole compared 
to those needed to inhibit the growth of V. harveyi 
isolates. This susceptibility pattern might be 
correlated to the frequent use of antibiotics for the 
treatment of V. harveyi infections on marine farms 
(DENG et al., 2020; SCARANO et al., 2014). It 
is known that vaccination against V. anguillarum 
has become a usual practice in the farming of sea 
bass (SARROPOulOu et al., 2012). Therefore, 
antibacterial treatments against V. anguillarum 
infections are applied less often to mitigate 
production losses, compared to the control of the 
disease outbreaks caused by V. harveyi. In the last 
twenty years, there have been numerous examples 
of justification for fish vaccination in the light of 
the sustainable growth, development and cost-
effectiveness of aquaculture (THORARINSSON 
and POwEll, 2006). All our V. anguillarum isolates 
were obtained before vaccination against this 
pathogen became a part of the farming procedures, 
while V. harveyi isolates were collected from farms 
where sea bass had been vaccinated and from those 
where vaccination against V. anguillarum has been 
accepted. unfortunately, there are no commercially 
available vaccines against V. harveyi and the most 
efficient practice of disease mitigation is still the 
use of antimicrobials. Therefore, it is necessary 
to make additional efforts to develop a vaccine 
against V. harveyi, and introduce it into the farming 
cycle. Moreover, it is necessary to highlight the 
insufficient availability of harmonized protocols to 
evaluate the results of susceptibility testing, and the 
adoption of “cut off” values for both Vibrio species 
important for Mediterranean marine aquaculture, 
as proposed by SMITh and EGAN (2018). 

Since V. anguillarum is mostly successfully 
controlled, in the last decade V. harveyi has become 
an increasingly important pathogen, and it could 
be considered to be an emerging pathogen in the 
Mediterranean marine aquaculture. AMArO et al., 
(2020) related V. harveyi outbreaks  to the climate 
changes in the Mediterranean basin, as previously 
described, mainly as a fish pathogen in subtropical 
areas (zHANG and AuSTIN., 2020). Therefore, 
more effort should be invested in the study of all 
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aspects of this pathogenic bacteria and its influence 
on marine aquaculture. 

 Our study attempted to contribute to easier 
diagnostic differentiation of these two Vibrio 
species, based on epidemiological conditions, 
morphological changes and by the implementation 
of conventional bacteriological techniques, to 
enable faster diagnosis in farm laboratories and to 
mitigate the losses caused by this pathogen more 
efficiently.
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SaŽeTaK
Vibrioze uzrokovane bakterijama roda Vibrio su česte bolesti u akvakulturi, a karakteriziraju ih sustavne infekcije, 

visoka smrtnost i ekonomski gubici riba i školjkaša. uzgoj lubina (Dicentrarchus labrax) i komarče (Sparus aurata) 
u hrvatskoj je u posljednjem desetljeću naglo porastao, a ekonomska učinkovitost značajno je ugrožena gubicima 
zbog infekcije bakterijama Vibrio anguillarum i Vibrio harveyi. Stoga smo proučavali i usporedili okolišne uvjete, 
kliničke znakove te konvencionalne i molekularne dijagnostičke metode vibrioze uzrokovane s oba bakterijska 
patogena. Vibrioze uzrokovane bakterijom V. anguillarum kod lubina i komarče uglavnom se javljaju tijekom proljeća 
i jeseni, nakon brzog porasta ili sniženja temperature mora, dok se infekcije V. harveyi javljaju tijekom ljetnih mjeseci 
na temperaturama mora iznad 20 °C. Imaju sličnu kliničku sliku u akutnom obliku, ali se u subakutnom obliku 
razlikuju. Infekciju V. anguillarum karakteriziraju masivna krvarenja po trbušnoj stijenci, dok se kod infekcije V. 
harveyi uočava keratitis, zamućenje rožnice i nekoordinirano plivanje. Tijekom infekcije bakterijom V. anguillarum, 
razudbom su vidljiva krvarenja na jetri, crijevima i želucu.  u slučaju infekcije s V. harveyi, vidljivi su sero-kataralni 
enteritis s distenzijom crijeva i ascitesom. Iako molekularna dijagnostika omogućava ispravnu identifikaciju, u 
ovom istraživanju smo definirali glavne čimbenike koje mogu razlikovati V. anguillarum od V. harveyi na temelju 
tradicionalne bakteriološke identifikacije kao što su osjetljivost na O/129 (10 µg) i novobiocin, te enzimska aktivnost 
β -galaktozidaze, arginin dihidrolaze i fermentacija amigdalina.

Ključne riječi: lubin; Vibrio anguillarum; Vibrio harveyi; okolišni uvjeti; dijagnostika; diferencijacija


