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We read with great interest the report on the presence 
of Vibrio spp in the Gulf of Gdansk, Baltic Sea, Poland by 
Kurpas et al. [1]. So far, the vast majority of identifications 
of Vibrio spp in open waters concerned the subtropical zone. 
In an analysis of 19 publications describing 2,227 patients 
with NSTI caused by Vibrio vulnificus, 95% of cases con-
cerned such subtropical zones [2]. However, there are also 
reports describing the changing location of Vibrio, mainly 
due to the gradual increase in open water temperature [3]. 
The identification of Vibrio spp in the climatic zone of the 
Baltic Sea is a new observation that is of great importance 
not only from the microbiological point of view but also for 
clinical reasons.

Vibrio is one of the more common bacteria in tropical or 
subtropical waters. It is a gram-negative rod that can cause 
necrotizing soft tissue infection (NSTI), which also includes 
necrotizing fasciitis, and often leads to septic shock and 
an immediate threat to life. From the aetiology point of 
view, NSTI most often has a polymicrobial aetiology, often 
described as type I, or monomicrobial, usually described 
as type II (most often caused by group A beta-haemolytic 
streptococci, e.g. Streptococcus pyogenes), sometimes in 
combination with Staphylococcus aureus [4, 5]. According 
to the same classification, infections caused by Vibrio spp 
are referred to as type III related to other less common 
causative agents (e.g., Clostridium spp, Aeromonas spp, 
Vibrio spp). Type IV describes fungal infections (e.g., Candida 
spp, Zygomycetes). Regardless of aetiology, the treatment 
of any form of NSTI is multimodal and includes surgery, 
antibiotic therapy, and haemodynamic sepsis management 
[4–8]. In the case of Vibrio NSTI, the importance of surgical 

interventions is emphasized [9]. Most of the recommenda-
tions also suggest using hyperbaric oxygen therapy (HBOT). 
In the literature, one can find descriptions of clinical cases 
successfully treated with HBOT, but in most of those reports 
the infections came from sub-tropical waters of the United 
States or Japan [10, 11]. 

An interesting coincidence is a fact that at almost the 
same time as the publication by Kurpas et al. [1] on the 
occurrence of Vibrio spp in the Gulf of Gdansk, a clinical 
case report of a 68-year-old patient with NSTI caused by 
Vibrio vulnificus, most probably from the south-western 
part of the Baltic Sea, treated with adjunctive HBOT in our 
department was published [12]. In summary, after injuring 
while swimming in Baltic seawater, the patient developed 
NSTI of the lower extremity. Vibrio vulnificus was identified 
in blood. Initially, this patient was treated in a local mu-
nicipal hospital. However, due to the progression of NSTI 
confirmed in computed tomography scan, with increasing 
inflammatory markers and general deterioration with sepsis, 
the patient was transferred to our department, where he 
underwent surgical debridement with general care using 
antibiotics (ceftriaxone, ciprofloxacin, doxycycline), septic 
shock management and adjunctive HBOT. After 5 days of 
treatment in our department, where 10 HBOT sessions 
were performed, the general and local condition improved. 
Control cultures were negative and inflammation markers 
decreased: white blood cell (WBC) count from 13.93 G/L 
to 8.58 G/L; C-reactive protein (CRP) from 137.9 mg/L 
to 36.9 mg/dL, procalcitonin (PCT) from 8.52 ng/mL to 
1.3 ng/mL. After this treatment, the patient was transported 
back to the referring unit for further treatment.
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Figure 1. A. Before hyperbaric oxygen therapy; B. After hyperbaric oxygen therapy
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Although this clinical case was published as the first 
report of NSTI with Vibrio vulnificus originating from the 
Baltic Sea, it was not the first clinical case of Vibrio infection 
treated with HBOT in our department. In fact, we treated 
at least two similar cases of Vibrio infection also from the 
waters of the Baltic Sea.

In an earlier case from 2019, the disease occurred in 
a 60-year-old man admitted to the local general hospital 
with a purulent infection of the lower limb in the severe 
clinical condition of septic shock with multiorgan failure, 
cardiac arrest occurred during disease with successful car-
diopulmonary resuscitation. Vibrio cholerae was identified 
in the wound tissue samples and this was confirmed by the 
independent governmental central laboratory using the poly-
merase chain reaction test. The source of the infection has 
never been documented, but according to information from 
the family, the patient with venous ulcerations of the lower 
limbs submerged in the waters of the central-southern part 
of the Baltic. Because of the clinical features of NSTI and 
the progress of the compartment syndrome, the patient was 
transferred to our department to extend the treatment with 
HBOT. General surgery, intensive therapy with mechanical 
ventilation, continuous veno-venous haemodiafiltration, an-
tibiotics (ciprofloxacin, imipenem-cilastatin, linezolid), septic 
management, and adjunctive HBOT were used in the treat-

ment. Within 5 days, 10 HBOT sessions were performed, 
resulting in improvement of the general condition and local 
tissues (Fig. 1A, B), resolution of septic shock, and reduc-
tion of inflammatory parameters: WBC from 22.19 G/L to 
20.54 G/L; CRP from 264 mg/L to 65.1 mg/L; PCT from over 
100 ng/mL to 3.16 ng/mL. After the end of HBOT, he was 
transferred to the referring hospital for further treatment.

We recently had yet another case of Vibrio NSTI from the 
Baltic Sea. In this case, the disease concerned a 39-year-old 
man who was admitted to our department from the west 
coast of Poland. No entry point for bacteria was identified, 
but the patient’s history also revealed a bath in the southern 
waters of the Baltic Sea (at the western border of Poland). 
At the local hospital, he was treated for rhabdomyolysis of 
the lower limb with gas bubbles seen on radiographs. NSTI 
lesions progressed within a few days, requiring a fasciotomy. 
Severe septic shock developed with a multiple organ failure. 
In a microbiological study, Vibrio vulnificus was identified. 
The patient was transported to our department to add HBOT 
to surgical and intensive care treatment. During the 6-day 
stay in our department, 10 sessions of intensive care HBOT 
and multimodal treatment with surgical debridement, an-
tibiotics (ceftriaxone, ciprofloxacin, doxycycline, linezolid, 
meropenem), septic shock management, and mechanical 
ventilation were used. There was an improvement both 
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in general condition and at the wound site (Fig. 2A, B); 
septic shock resolved, and the inflammatory parameters 
decreased: WBC from max 16.07 G/L to 9.7 G/L; CRP 
from 296.8 mg/L to 91.6 mg/L; PCT from 50.9 ng/mL to 
2.7 ng/mL. The clinical course of the disease was compli-
cated by myocardial infarction. Due to the critical condition 
the non-invasive treatment was conducted. After HBOT treat-
ment, a reduction in cardiac enzymes was also achieved: 
troponin from max 2.86 ng/mL to 0.57 ng/mL and creatine 
kinase myocardial bound (CKMB) from max 4.4 ng/mL to 
0.5 ng/mL. After the end of HBOT, he was transferred to 
the referring hospital for further treatment.

All reported cases shared the common denominator 
of NSTI with severe clinical course. In all cases, empirical 
broad-spectrum antibiotic therapy, intensive care manage-
ment adequate to the patient’s condition, surgical interven-
tions and adjunctive HBOT were used.

Hyperbaric oxygen therapy consists of breathing 100% 
at a pressure exceeding ambient pressure. In most cases, 
2.4–2.8 ATA pressure for 60 to 120 minutes is used. For 
severe NSTI, hyperbaric sessions are performed initially 
every 8 hours in the first 24-hours and then every 12 hours 
for a total of approximately ten sessions [13]. In such doses, 
the influence of oxygen on bacteria and the patient’s tissues, 
vessels, endothelium, cells, and enzymes, is multimodal. 
High oxygen tension in tissues generates reactive oxygen 
species (ROS) and reactive nitrogen species (RNS), which 
are critical mediators of cellular interaction, production of 

Figure 2. A. Before hyperbaric oxygen therapy; B. After hyperbaric oxygen therapy
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cytokines and growth factors, bactericidal effect on anaer-
obic bacteria with degradation of Clostridium perfringens 
exotoxins and modulation of leukocyte activation with en-
hancement of the killer function of neutrophils and their 
interaction with the endothelium [14]. It has been suggested 
that HBOT acts specifically against Vibrio spp, taking advan-
tage of its more remarkable inability than other bacteria 
to tolerate ROS. When HBOT is combined with antibiotics, 
it exerts a bactericidal effect on Vibrio spp while it is only 
bacteriostatic to most of other bacteria [15–17].

The list of indications for HBOT is determined based on 
clinical evidence by the European Committee for Hyperbaric 
Medicine (ECHM), also approved by the European Under-
water and Baromedical Society (EUBS) [18]. One of the 
indications for HBOT is an anaerobic and mixed bacterial 
infection, which is a general term also including NSTI. In 
patients with NSTI in severe clinical condition, i.e. septic 
shock, HBOT sessions should be carried according to the 
recommendations for hyperbaric intensive care [19].

The clinical cases presented here confirm the threat result-
ing from the presence of environmental bacteria, such as Vibrio 
spp, which, under optimal development conditions, may lead 
to NSTI and septic shock, with direct threat to health and life. 
Rapid diagnosis, empirical antibiotic therapy, decisive surgical 
procedure adequate to the wound severity and the possible 
addition of HBOT are the basis of the multimodal treatment.

Conflict of interest: None declared

Int Marit Health 2022; 73, 1:  52–55

www.intmarhealth.pl54



REFERENCES
1. Kurpas M, Michalska M, Zakrzewski A, et al. First report of the 

presence of Vibrio vulnificus in the Gulf of Gdansk. Int Marit Health. 
2021; 72(4): 247–251, doi: 10.5603/IMH.2021.0048, indexed in 
Pubmed: 35147210.

2. Huang KC, Weng HH, Yang TY, et al. Distribution of fatal Vibrio vulni-
ficus necrotizing skin and soft-tissue infections: a systematic review 
and meta-analysis. Medicine (Baltimore). 2016; 95(5): e2627, doi: 
10.1097/MD.0000000000002627, indexed in Pubmed: 26844475.

3. Baker-Austin C, Trinanes JA, Taylor NGH, et al. Emerging Vibrio risk 
at high latitudes in response to ocean warming. Nature Climate 
Change. 2012; 3(1): 73–77.

4. Morgan MS. Diagnosis and management of necrotising fasciitis:  
a multiparametric approach. J Hosp Infect. 2010; 75(4): 249–257, 
doi: 10.1016/j.jhin.2010.01.028, indexed in Pubmed: 20542593.

5. Shiroff AM, Herlitz GN, Gracias VH. Necrotizing soft tissue infections. 
J Intensive Care Med. 2014; 29(3): 138–144.

6. Misiakos EP, Bagias G, Patapis P, et al. Current concepts in the 
management of necrotizing fasciitis. Front Surg. 2014; 1: 36, doi: 
10.3389/fsurg.2014.00036, indexed in Pubmed: 25593960.

7. Pelletier J, Gottlieb M, Long B, et al. Necrotizing soft tissue infections 
(NSTI): pearls and pitfalls for the emergency clinician. J Emerg Med. 
2022 [Epub ahead of print], doi: 10.1016/j.jemermed.2021.12.012, 
indexed in Pubmed: 35115188.

8. Garcia NM, Cai J. Aggressive soft tissue infections. Surg Clin North 
Am. 2018; 98(5): 1097–1108.

9. Elnahla A, Attia AS, Toraih E, et al. Prognostic factors of mortality 
in sepsis and soft tissue infections: meta-analysis. Surg Infect 
(Larchmt). 2021; 22(9): 928–939, doi: 10.1089/sur.2020.243, 
indexed in Pubmed: 33970025.

10. Wang J, Corson K, Mader J. Hyperbaric oxygen as adjunctive therapy 
in Vibrio vulnificus septicemia and cellulitis. Undersea Hyperb Med. 
2004; 31(1): 179–181.

11. Yagi H, Takechi Y, Hiraki S, et al. [A life saving case of Vibrio vulnifi-
cus (septic type)]. Kansenshogaku Zasshi. 2003; 77(3): 167–173, 
doi: 10.11150/kansenshogakuzasshi1970.77.167, indexed in 
Pubmed: 12708010.

12. Aksak-Wąs BJ, Ripa A, Szakoła P, et al. Septic shock induced by 
Vibrio vulnificus in northern Poland, a case report. Infect Drug Re-
sist. 2021; 14: 5027–5033, doi: 10.2147/IDR.S340991, indexed 
in Pubmed: 34880631.

13. Hedetoft M, Bennett MH, Hyldegaard O. Adjunctive hyperbaric oxygen 
treatment for necrotising soft-tissue infections: A systematic review 
and meta-analysis. Diving Hyperb Med. 2021; 51(1): 34–43.

14. Memar MY, Yekani M, Alizadeh N, et al. Hyperbaric oxygen therapy: 
Antimicrobial mechanisms and clinical application for infections. 
Biomed Pharmacother. 2019; 109: 440–447, doi: 10.1016/j.
biopha.2018.10.142, indexed in Pubmed: 30399579.

15. Tamura T, Iida Ki, Saito M, et al. Effect of hyperbaric oxygen on Vibrio 
vulnificus and murine infection caused by it. Microbiol Immunol. 
2012; 56(10): 673–679, doi: 10.1111/j.1348-0421.2012.00491.x, 
indexed in Pubmed: 22775062.

16. Keck PE, Gottlieb SF, Conley J. Interaction of increased pressures 
of oxygen and sulfonamides on the in vitro and in vivo growth of 
pathogenic bacteria. Undersea Biomed Res. 1980; 7(2): 95–106.

17. Gottlieb SF, Pakman LM. Effect of high oxygen tensions on the 
growth of selected, aerobic, Gram-negative, pathogenic bacteria.  
J Bacteriol. 1968; 95(3): 1003–1010.

18. Mathieu D, Marroni A, Kot J. Tenth European Consensus Conferen-
ce on Hyperbaric Medicine: recommendations for accepted and 
non-accepted clinical indications and practice of hyperbaric oxygen 
treatment. Diving Hyperb Med. 2017; 47(1): 24–32.

19. Mathieu D, Ratzenhofer-Komenda B, Kot J. Hyperbaric oxygen 
therapy for intensive care patients: position statement by the 
European Committee for Hyperbaric Medicine. Diving Hyperb Med. 
2015; 45(1): 42–46.

www.intmarhealth.pl 55

Jacek Kot, Ewa Lenkiewicz, HBOT in NSTI caused by Vibrio species from the Baltic Sea

http://dx.doi.org/10.5603/IMH.2021.0048
https://www.ncbi.nlm.nih.gov/pubmed/35147210
http://dx.doi.org/10.1097/MD.0000000000002627
https://www.ncbi.nlm.nih.gov/pubmed/26844475
http://dx.doi.org/10.1016/j.jhin.2010.01.028
https://www.ncbi.nlm.nih.gov/pubmed/20542593
http://dx.doi.org/10.3389/fsurg.2014.00036
https://www.ncbi.nlm.nih.gov/pubmed/25593960
http://dx.doi.org/10.1016/j.jemermed.2021.12.012
https://www.ncbi.nlm.nih.gov/pubmed/35115188
http://dx.doi.org/10.1089/sur.2020.243
https://www.ncbi.nlm.nih.gov/pubmed/33970025
http://dx.doi.org/10.11150/kansenshogakuzasshi1970.77.167
https://www.ncbi.nlm.nih.gov/pubmed/12708010
http://dx.doi.org/10.2147/IDR.S340991
https://www.ncbi.nlm.nih.gov/pubmed/34880631
http://dx.doi.org/10.1016/j.biopha.2018.10.142
http://dx.doi.org/10.1016/j.biopha.2018.10.142
https://www.ncbi.nlm.nih.gov/pubmed/30399579
http://dx.doi.org/10.1111/j.1348-0421.2012.00491.x
https://www.ncbi.nlm.nih.gov/pubmed/22775062

