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ABSTRACT
Background: Vibrio infections are becoming more frequent in the Baltic Sea region, which is caused by an 
increase in the sea surface temperature. Climate change creates the conditions for the emergence of new 
environmental niches that are beneficial for Vibrio spp., especially in the summer months. Vibrio vulnificus, 
which causes wound infections and septicaemia, represents a particularly dangerous species of Vibrio 
spp. There are numerous publications on the prevalence of V. vulnificus in various regions of the Baltic 
Sea, but there is a lack of such data for the Polish coast. This prompted us to conduct a pilot study into 
the prevalence of the bacteria in the Gulf of Gdansk. The study aimed to detect Vibrio spp. in the coastal 
waters and the wet sand at the beaches and bathing areas in the Gulf of Gdansk.
Materials and methods: During the period from June 16th to September 23rd 2020, 112 samples of sea-
water and 105 samples of wet sand were collected at 16 locations along the coast of the Gulf of Gdansk 
and Hel peninsula. Isolation of Vibrio spp. was conducted by filtering method and the isolated bacteria was 
cultured on CHROM agar Vibrio and TCBS agar. Final genus identification was performed by the MALDI 
TOF technique.
Results: In the present study, 10 isolates of Vibrio spp. were obtained from seawater and wet sand samples 
collected in the Gulf of Gdansk and Hel peninsula coast. Three of the isolates were identified as V. vulnifi-
cus; the presence of the species was confirmed in the seawater samples which had been collected in Hel  
(1 isolate), Jastarnia (1 isolate), and Chalupy (1 isolate). One strain of Vibrio alginolyticus was isolated from 
the seawater sample collected in Hel. Moreover, identification was incomplete for 6 of the isolated strains, 
these were identified as Vibrio cholerae/mimicus These strains were collected in Jastarnia (1 isolate), 
Kuznica (1 isolate), Gdansk-Brzezno (1 isolate), Puck (2 isolates), Chalupy (1 isolate). 
Conclusions: Our preliminary research study confirmed the presence of potentially pathogenic V. vulnificus 
in the Gulf of Gdansk in the summer months. Therefore, further monitoring of the presence of Vibrio spp. 
in the Baltic coast area is necessary.

(Int Marit Health 2021; 72, 4: 247–251)
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INTRODUCTION
Vibrio spp. are widespread in the estuaries and coastal 

areas of warmer climates (South Asia, South America, Africa, 
and the Mediterranean Sea). The disturbing fact is that the 
bacteria are more and more frequently found in the Baltic 
Sea, which may be associated with global warming [1, 2]. 

Three of the Vibrio genus (Gram-negative, curved-rod shape) 
pathogens are dangerous to humans; these include: V. chol-
erae, V. parahaemolyticus, and V. vulnificus. Rising water 
temperatures are a key factor contributing to the creation of 
new niches for Vibrio spp. [3, 4]. Studies carried out by Böer 
et al. [4] in the waters off the German coast on North Sea 
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have shown the temperature as the main factor supporting 
the prevalence of V. vulnificus. Interestingly, these studies 
also showed that V. vulnificus frequently occurs in the Ems 
and Weser estuary, which suggests that lower salinity may 
also have an impact on prevalence of these bacteria [5]. 
Warm (> 18°C) and low salinity (< 2.5% NaCl) waters offer 
optimal functioning conditions for the growth of these bacte-
ria. As was already mentioned, Vibrio spp. may also be used 
as a climate change warning indicator [6]. It has been sug-
gested that the Baltic Sea may become a more favourable 
environment for these bacteria, especially in the summer 
months, near the estuaries and in coastal waters [6]. The 
mean temperature of the Baltic Sea ranges from –10°C 
to 17°C, depending on the region. For the last 29 years 
(1990–2018) the annual mean sea surface temperature 
of the Baltic Sea was the highest in 2014 and 2018 (9°C). 
While the lowest annual mean sea surface temperature 
was recorded in 1996 (6°C). Moreover, the analysis shows 
that the linear trend of warming was 0.59°C/decade in the 
analysed period (1990–2018) [7]. It is estimated that global 
warming may have a significant impact on the prevalence 
of Vibrio spp. in the Baltic Sea region. The Baltic Sea is also 
characterised as a brackish environment because of its low 
salinity, which is associated with the presence of estuaries 
of large rivers (Vistula and Oder) and limited water influx 
from the oceans [8].  

A growing number of infections caused by Vibrio present 
in the waters of the Baltic Sea is worrying [9, 10]. However, 
it is difficult to estimate the scale of the problem as there is 
no obligation to report cases caused by Vibrio spp. In fact, 
most European countries do not provide testing for these 
pathogens [2]. An increasing prevalence of Vibrio spp., which 
is considered a tropical pathogen, has led us to look more 
closely at the problem and to monitor the spread of Vibrio 
spp. in the Gulf of Gdansk. Our research is a pilot study 
which is planned as part of a larger research programme 
conducted by the Department of Immunobiology and Envi-
ronmental Microbiology, Faculty of Health Sciences, Medical 
University of Gdansk, Poland [11].

MATERIALS AND METHODS
SAMPLING SITES

Samples were collected at 16 locations along the Gulf 
of Gdansk (1. Gdansk-Brzezno — gate 52; 2. Gdansk-Jelit-
kowo — gate 66; 3. Sopot — gate 43; 4. Sopot — gate 19; 
5. Gdynia-Orlowo; 6. Gdynia — city beach; 7. Puck; 8. Wla-
dyslawowo — gate 2; 9. Chalupy — Gulfside; 10. Chalupy 
— gate 18; 11. Kuznica — Gulfside; 12. Kuznica — gate 31; 
13. Jastarnia — Gulfside; 14. Jastarnia — gate 48; 15. Hel 
— Gulfside; 16. Hel — gate 64). The sampling was performed 
7 times in the period from June 16th to September 23rd 
2020. The sampling sites are presented in Figure 1. The 

Figure 1. Sampling sites: 1. Gdansk-Brzezno — gate 52; 2. Gdansk- 
-Jelitkowo — gate 66; 3. Sopot — gate 43; 4. Sopot — gate 19;  
5. Gdynia-Orlowo; 6. Gdynia — city beach; 7. Puck; 8. Wladysla-
wowo — gate 2; 9. Chalupy — Gulfside; 10. Chalupy — gate 18;  
11. Kuznica — Gulfside; 12. Kuznica — gate 31; 13. Jastarnia — Gulf-
side; 14. Jastarnia — gate 48; 15. Hel — Gulfside; 16. Hel — gate 64

sampling sites had been chosen to give us the opportunity 
to assess multiple bathing sites in the Gulf of Gdansk and 
along the coastal area of the Hel peninsula. Seawater and 
wet sand samples were taken at 2-week intervals between 
5 and 12 a.m. Due to the characteristics of the shoreline, 
no sand samples were taken at point 9: Chalupy — Gulfside.

WATER SAMPLES
Sampling. A total of 112 seawater samples from the Bal-

tic Sea were tested for the purpose of the present study. The 
water samples were taken at all 16 sampling sites (Fig. 1);  
approximately 0.5 L of seawater (taken at 1 m from the 
coastline and 20–30 cm below the water surface) was col-
lected into aseptic bottles. A similar sampling method was 
used by researchers from the Department of Environmental 
Protection and Hygienic Transport [11]. The data on the 
water temperature at the sampling site was obtained from 
available online databases, and was established based on 
the longitude and latitude position of the sampling site. The 
data were obtained at 8 a.m. local time (e.g. SatBaltyk) [12]

Isolation and identification. All samples were transport-
ed directly from the sampling sites to the laboratories. The 
isolation was performed on the day of collection. Seawater 
(50 mL) was filtered using 0.22 μm, white, gridded 47 mm fil-
ters (Millipore, Merck; Germany). The filters were applied to 
the CHROM agar Vibrio (CHROMagar, France) to pre-differen-
tiate the obtained microorganisms. Chromogenic agar with 
filters was incubated at 37°C for 18–24 hours (POL-EKO  
APARATURA, Poland). Bacteria of the genus Vibrio that 
grow on the chromogenic medium exhibit a differentia col-
ony colour (V. parahaemolyticus — mauve, V. cholerae/ 
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/V. vulnificus — turquoise blue). In the next step, the 
characteristic colonies from the Vibrio chromogenic agar 
were transferred onto chromogenic thiosulfate-citrate-bile 
salts-sucrose (TCBS) medium (Merck, Germany) and incubat-
ed at 37°C for 18–24 hours (POL-EKO APARATURA, Poland). 
The characteristic TCBS dark yellow colonies of about 2 mm 
in diameter (V. cholerae) and blue-green colonies (V. para-
haemolyticus, V. vulnificus) were extracted and purified [13, 
14]. The isolated strains were stored at –20°C. The strains 
were identified by MALDI-TOF using a VITEK MS instrument 
(bioMérieux, France). Briefly, a portion of a bacterial colony 
(~1 μL) was transferred onto a MALDI sample plate, overlaid 
with 1 μL of a saturated solution of a-cyano-4-hydroxycinnam-
ic acid in acetonitrile (28%), and then allowed to dry at room 
temperature. For each isolate, a mean spectrum was con-
structed with at least 50 m/z spectra profiles and used for 
the identification by comparison with the spectra contained 
in the Saramis database (bioMérieux). Identification was 
defined as > 99% match to the species-specific m/z profiles 
in the database. Escherichia coli ATCC 8739 (bioMérieux, 
Marcy l’Etoile, France) was used as a standard for calibration 
and quality control.

WET SAND SAMPLES
Sampling. A total of 105 samples of wet sand were 

tested for the purpose of this study. Samples of wet sand 
were collected at 15 sample sites (excluding sample site 9: 
Chalupy — Gulfside) to aseptic plastic containers (200 mL). 
Wet sand was sampled in the area between the dry sand 
and the seawater (the intertidal zone). At each site, the sand 
was collected from the depth of up to 5 cm.

Isolation and identification. All samples of wet sand 
were transported directly to the laboratory and isolation was 
performed on the day of collection. Wet sand samples were 
mixed and shaken with sterile deionised water (100 mL) for 
30 minutes at the speed of 200 c.p.m. (laboratory shaker 
type 358 S, Elpin +) (wet sand washing water). In the next 
step, the wet sand washing water (50 mL) was filtered using 
0.45 μm filters. The filters were applied onto the CHROM 
agar Vibrio (CHROMagar, France) to pre-differentiate the ob-
tained microorganisms. Chromogenic agar with filters were 
incubated at 37°C for 18–24 hours (POL-EKO APARATURA, 
Poland). Bacteria of the genus Vibrio that grow on the chro-
mogenic medium have a different colony colour (V. parahae-
molyticus — mauve, V. cholerae/V. vulnificus — turquoise 
blue). Next, the characteristic colonies from the Vibrio chro-
mogenic agar were transferred onto the chromogenic TCBS 
medium and incubated at 37°C for 18–24 hours (POL-EKO 
APARATURA, Poland). The characteristic TCBS dark yellow 
colonies of about 2 mm in diameter (V. cholerae) and blue-
-green colonies (V. parahaemolyticus, V. vulnificus) were 
extracted and purified [13, 14]. The strains were identified 

by MALDI-TOF in the same way as isolates obtained from 
water samples (described in the Water Samples, Isolation, 
and Identification section).

RESULTS
The presence of V. vulnificus in coastal waters of the Bal-

tic Sea was confirmed in 3 seawater samples collected in: 
Hel (1 isolate), Jastarnia (1 isolate), and Chalupy (1 isolate). 
The strain of Vibrio alginolyticus was found in a seawater 
sample collected in Hel. Moreover, the identification was 
incomplete for 6 of the isolated strains, these were iden-
tified as Vibrio cholerae/mimicus. The strains which were 
not completely identified had been collected in Jastarnia 
(1 isolate), Puck (2 isolates), Chalupy (1 isolate). The meta-
data associated with the isolates are presented in Table 1.

The presence of Vibrio spp. was confirmed in 2 wet sand 
samples collected in the Gulf of Gdansk, the samples were 
collected in Kuznica — Gulfside (1 isolate) and Gdansk-Brzez-
no (1 isolate). The identification of isolates obtained from 
wet sand samples was incomplete; the strains were identi-
fied as Vibrio cholerae/mimicus. The metadata associated 
with the isolates are presented in Table 2.

DISCUSSION
The present research is one of the first concerning the 

prevalence of V. vulnificus in coastal waters and in the 
wet sand at the beaches and bathing sites in the Gulf 
of Gdansk. A number of researchers have indicated the 
correlation between global warming and the prevalence of 
Vibrio spp. in the Baltic Sea. In 2017, Semenza et al. [5] 
published the results of their analysis concerning the risk 
of growth and spread of Vibrio spp. in the Baltic Sea and its 
potential for causing infections in humans. For the purpose 
of the research study, they used the European Centre for 
Disease Prevention and Control (ECDC) online tool ‘Vibrio 
map Viewer’ (https://e3geoportal.ecdc.europa.eu/SiteP-
ages/Vibrio%20Map%20Viewer.aspx) and the information 
on the prevalence of Vibrio infections (2006–2014) which 
is gathered and registered under the Swedish Communica-
ble Diseases Act. Vibrio spp. have already been observed 
many times in the coastal waters of the Baltic Sea, and it is 
estimated that their presence is influenced by an increase 
in the temperature in the coastal regions. The presence of 
Vibrio spp. has been confirmed off the coast of Lithuania 
in 2018 [15]. V. cholerae was observed in Sweden (2003, 
2004, and 2006) [2, 10]. V. vulnificus and V. parahaemo-
lyticus were also isolated off the coast of Germany [16]. In 
Poland, the presence of the Vibrio genus has as yet only 
been detected in the Bug river, and all the strains (n = 22) 
were identical to V. cholerae El Tor 01 Ogawa [17]. The data 
concerning the prevalence of Vibrio spp. in the Baltic Sea 
is presented in Table 3.
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Table 1. Vibrio spp. isolates obtained from the coastal waters of the Baltic Sea

Isolate 
number

Identification Sampling site Source of  
isolation

Date of  
isolation

Sea surface  
temperature [°C]*

Longitude  
and latitude*

W1 V. vulnificus Hel — Gulfside Water 15.07.2020 19.2 18°47’E
54°36’

W2 V. vulnificus Jastarnia —  
Gulfside

Water 15.07.2020 18.5 18°39’E
54°41’N

W3 V. cholerae/ 
/mimicus

Puck Water 27.07.2020 20 18°24’
54°43’

W4 V. cholerae/ 
/mimicus

Jastarnia —  
gate 48

Water 10.08.2020 20 18°40’E
54°42’N

W5 V. alginolyticus Hel — Gulfside Water 10.08.2020 21.3 18°47’
54°36’

W6 V. cholerae/ 
/mimicus

Chalupy — Gulfside Water 27.08.2020 19.6 18°28’
54°46’

W7 V. vulnificus Chalupy — Gulfside Water 27.08.2020 19.6 18°28’
54°46’

W8 V. cholerae/ 
/mimicus

Puck Water 27.08.2020 19.7 18°24’
54°43’

*Data on the water temperature at the sampling site was obtained from available online databases (SatBaltyk) [12]

Table 2. Vibrio spp. isolates obtained from wet sand samples

Isolate number Identification Sampling site Source of isolation Date of isolation

S1 V. cholerae/mimicus Kuznica — Gulfside Wet sand 29.06.2020

S2 V. cholerae/mimicus Gdansk-Brzezno — gate 52 Wet sand 14.07.2020

Table 3. The prevalence of Vibrio spp. in the Baltic Sea

Microorganism Coastline (country) Year Reference

Vibrio spp. Lithuania 2018 [15]

V. cholerae Sweden 2006 [10]

V. cholerae Sweden 2003–2004 [2]

V. vulnificus Germany 2006 [16]

V. parahaemolyticus Germany 2006 [16]

V. alginolyticus Germany 2006 [16]

In the last few decades, there has been an increasing 
number of infections caused by the bacteria of the Vibrio ge-
nus in the Baltic Sea region. Infections caused by V. cholerae 
(including 2 fatal cases) were recorded in Finland in 2003 [18]. 
Patients were reported to have been exposed to seawater. In 
2006, 3 cases of wound infections by non-agglutinating and 
non-toxin-producing V. cholerae were reported in Sweden. All 
of these patients had contact with water from the Baltic Sea 
or the irrigation ponds. Environmental research has confirmed 
the presence of the above bacteria in 4 Swedish lakes [10].

It has already been mentioned that V. vulnificus was 
isolated from German patients with skin infections and 
septicaemia. All of the described cases were associated 

with seawater exposure while bathing in the Baltic Sea [8]. 
In August 2003, at least 2 cases of V. vulnificus infections 
were reported on the Island of Usedom. The analysis of 
the seawater in this region showed a high concentration of 
V. vulnificus, which was likely associated with high water 
temperature (exceeding 20°C) [19]. Both patients had open 
wounds when they entered the water. It is also important to 
emphasize that both of them had underlying diseases. Ge-
notypic analysis and virulence characteristics of V. vulnificus 
isolates obtained from the patients and the environment 
(the German coast) showed that V. vulnificus represented 
two distinct clusters (I and II). There was no clear distinction 
between clinical and environmental isolates [9].
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Two cases of septicaemia caused by V. cholera non-O1, 
non-O139 were reported in 2006, in Poland. The first case 
was seen in a male patient aged 49 years. Epidemiologi-
cal investigation indicated that the transmission probably 
occurred while the man was swimming in a lake. Water 
samples collected from this water reservoir tested positive 
for V. cholera non-O1 and non-O139. The second case 
involved a 79-year-old man. Epidemiological investigation 
indicated that the probable source of V. cholerae was water 
from an old well [20]. 

CONCLUSIONS
Our research study confirmed the presence of potentially 

pathogenic bacteria including Vibrio vulnificus in the Gulf of 
Gdansk in the summer months. Vibrio spp. are a group of 
bacteria characteristic of warm climates (tropical regions). 
It is estimated that the more frequent occurrence of the 
Vibrio bacteria in the Baltic Sea is caused by an increase 
in water temperature and low salinity. Climate change and 
global warming contribute to the creation of favourable 
environmental conditions for the growth and spread of 
these microorganisms. The presence of Vibrio spp. may 
become a threat to the elderly and immunosuppressed 
patients. Therefore, further research into the prevalence of 
these bacteria along the Baltic coast is necessary.
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