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Abstract: Shewanella algae, a Gram-negative bacillus found in warm saltwater environments, has been increasingly recognized as
a human pathogen that can cause infection of the skin and soft tissue, ear, blood, and intra-abdominal. In this case, we report
a Shewanella algae infection that caused sepsis, renal insufficiency, cardiac dysfunction, fistula and massive pleural effusion after
surgery in a 73-year-old man with cancer of the esophagus and cardia.
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Introduction
Shewanella algae are heterotrophic facultative anaerobes and exist throughout the world, mainly in marine
environments.1 The infection of Shewanella has been dominated by the infection of S. algae. The most common source
for human infection is exposure to seawater, especially patients with exposure of cutaneous ulcers to seawater.2 The
common clinical syndrome includes skin and soft tissue infection, otitis, and a variety of other disorders, with or without
bacteremia.2 Immune-compromised population, those with malignancy, tourists, swimmers, fishermen, and sailors with
underlying liver disease are at high risk of Shewanella infection.3 The previous fulminant bacteremia reports of
S. putrefaciens were in patients with severe hepatobiliary disease and malignancy.4 Most of the course about S. algae
is benign;5 we present a case with fulminating course of S. algae.

Case Report
A 73-year-old man with cancer of the esophagus and cardia and a 3-week history of progressive dysphagia. He had undergone
cholecystostomy for gall stones 13 years previously. After robot-assisted esophagectomy and combined thoracoscopy- and
laparoscopy-assisted esophagectomy surgery, he was transferred to ICU, and the APACHE II score was 8 with normal vital
signs. On the day after admission, the patient was extubated when the oxygenation index was more than 300. In the night of
extubation, the patient had a blood pressure of 85/54 mmHg accompanied with massive drainage of pleural effusion, and
subsequently with oliguria, cardiac dysfunction, and atrial fibrillation. The drainage of closed thoracic in the right was
1550 mL with dusky red color within 24 hours. The laboratory evaluation was significant for blood urea nitrogen of 16.4
mmol/L (normal 3.6–9.5), creatinine of 184 μmol/L (normal 52–101), cystatin C of 1.98 ng/L (normal 0.51–1.09), N-terminal
fragment brain natriuretic peptides (NT-pro-BNP) of 2677.00 pg/mL (normal < 125), and procalcitonin (PCT) of 16.4 ng/mL
(normal < 0.05 ng/mL). Treatment with continuous renal replacement therapy (CRRT), high-flow oxygen therapy, and
piperacillin-tazobactam was started. Piperacillin-tazobactam was used in the initial empiric therapy for sepsis. The culture
of drainage fluid and sputum grew Shewanella putrefaciens, but the result of next-generation sequencing technology (NGS,
Genskey Medical Technology Co., Ltd, Beijing, China) with blood sample was S. algaewith 58.96% relative abundance. The
result of susceptibility testing is shown in Table 1. Chest radiography and computed tomography (CT) scan showed bilateral
pleural effusions (Figure 1).
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After 8 days in the ICU, the patient was transferred to the ward of gastrointestinal surgery. On the ward, his condition
progressed with the drainage of the mediastinum and his temperature increased. The drainage of mediastinum was more
than an average of 500 mL each day while on the ward (Figure 2). The initial antibiotic therapy was cefoperazone/
sulbactam, and additional coverage with imipenem/cilastatin when the patient’s temperature was more than 38 °C. The
highest temperature was 39.9 °C on the ward. In 6 days, he developed dyspnea with hypoxia and progressed to
narcolepsy; blood-gas analysis showed pH was 7.15, O2 was 69 mmHg, CO2 was 69 mmHg.

He was then re-admitted to the ICU with the diagnosis of anastomotic fistula, respiratory acidosis, pulmonary
infections, renal insufficiency, and empyema. The culture of drainage fluid and sputum was positive for Shewanella

Table 1 Antibiotic Susceptibility Test of Shewanella Algae in the Two Admissions to ICU

Antibiotics Admitted to ICU Re-Admitted to ICU

MIC (mg/L) Sensitivity MIC (mg/L) Sensitivity

Piperacillin ≤4 S 64 I

Ceftazidime ≤1 S ≤1 S

Cefepime ≤1 S ≤1 S

Imipenem 4 S 8 I

Gentamicin ≤1 S ≤1 S

Amikacin ≤2 S ≤2 S

Ciprofloxacin ≤0.25 S ≤0.25 S

Piperacillin-tazobactam ≤4 S 64 I

Ceftriaxone ≤1 S ≤1 S

Aztreonam ≤1 S ≤1 S

Meropenem ≤0.25 S ≤0.25 S

Tobramycin ≤1 S ≤1 S

Levofloxacin ≤0.25 S ≤0.25 S

Co-Trimoxazole ≤1/19 S ≤1/19 S

Abbreviations: MIC, minimum inhibitory concentration; S, susceptible; I, Intermediate; R, resistance.

Figure 1 Chest X-ray obtained after 3 days in the ICU. Notable for pleural effusion in the right.
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putrefaciens again. At this time, the laboratory investigations were abnormal with NT-pro-BNP of 2554.00 pg/mL, blood
urea nitrogen of 17.52 mmol/L, creatinine of 142 μmol/L, and cystatin C of 2.54 ng/L. The therapy included CRRT and
meropenem was started. The drainage of the mediastinum had the same color as the biliary fluid (Figure 3). In the 7 days
re-admitted to the ICU, the patient developed severe intraperitoneal hemorrhage. His severe intraperitoneal hemorrhage
required emergency laparotomy for hemostasis, but the surgery had a high risk. After we informed the potential risk, his
relatives finally chose to forgo the next treatment. The patient finally died on the day of discharge.

Discussion
Shewanella species are ubiquitous, non-fermenting Gram-negative rod-shaped bacteria widely distributed in nature,
especially in the marine environment.6 The genus is increasingly reported in human infection, with Shewanella
putrefaciens and S. algae responsible for the majority. Approximately 80% of human isolates attributing to

Figure 2 Chest X-ray obtained after re-admission to ICU. Notable for the widened mediastinum.

Figure 3 The drainage of mediastinum.
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Shewanella are S. algae.5 The hemolytic activity, formation of biofilms, enzymatic activity, exotoxin production and the
ability to adhere to human epithelial cells contribute to the virulence of S. algae.7 In this case, we first performed culture
and molecular identification of bacteria of drainage fluid and sputum, which resulted in Shewanella putrefaciens. This
was the first time we had seen the rarer pathogen, so we performed the NGS again according to the advice of the clinical
laboratory. The result of NGS was S. algae, which was different from the result of culture. The identification of S. algae
in our clinical laboratory was difficult because the automated identification systems cannot distinguish between these two
species, since S. algae is not included in the databases. The 16S rRNA sequence analysis is the most recommended
method for identifying Shewanella species.8 So, the true result should be infection with S. algae.

Shewanella algae is the most relevant human pathogen in the genus Shewanella, causing skin and soft tissue infections,
bacteremia, otitis, and a variety of other diseases.2 Death from Shewanella infection was 8% and 13%, respectively, and
bacteremia was 18% and 28%, respectively in the two articles.8,9 The infection of S. algae is usually benign but may be
fulminant in immunocompromised hosts. Through retrieving the PubMed and one article previously published,10 we found at
least 48 cases infected with S. algae. Shewanella algae was misidentified for many years as S. putrefaciens or Pseudomonas
putrefaciens, and cases of S. algae infection in detailed regions have not been included.11,12 So, the number of S. algae
infection has been largely under-reported.12 Detailed cases had been reported by Jacob-Kokura et al. and Lee et al.10,13,14

Although S. algae infection remains rare in recent years, the incidence is increasing. But among the articles we searched,
cases about S. algae infection that were cancer patients without typical preceding exposure were few. In a retrospective study
about risk factors, clinical manifestation,s and outcome of Shewanella infection, they analyzed 29 patients. However, only
seven had definite infection, six cases were infected by S. algae among the 29 patients, and two cases separately had lung
cancer and hepatocellular carcinoma.11 Meanwhile, four cases had been reported, among these four cases of S. algae
infection, one patient was diagnosed with chronic osteomyelitis with a history of exposure,15 and another was intraductal
papillary mucinous tumor.16 The other two patients were both diagnosed with gastric cancer.17,18

Our patient had no typical preceding exposure. Clinical strains were isolated from stool, blood, bile, and sputum.
The source of Shewanella infection includes exposure of skin breakdown to seawater, traumatic events with contam-
ination of injured tissues, via the gastrointestinal tract by food consumption, and through the ear canal.19 Cases of
gastroenteritis and peritonitis caused by Shewanella also have been reported.20,21 The infection is commonly seen
among patients with underlying diseases such as renal failure, neutropenia, hepatobiliary disease, diabetes, and trauma
accidents.8 The ability of S. algae to adapt to bile salt is an important factor for its survival and subsequent infection of
the hepatobiliary tract.22 The hepatobiliary tract is also a major source of bloodstream infection of S. algae.22 In this
case, it was suspected that the malignancy and surgery both impaired the immune system and the surgery increased the
opportunity of S. algae exposure to the thorax and mediastinum. Then the virulence factors of S. algae led to the
massive hydrothorax, increasing the incidence of anastomotic fistula and finally contributing to the intraperitoneal
hemorrhage.

Shewanella species are generally susceptible to third-generation cephalosporins, beta-lactam/beta-lactamase inhibitors,
aminoglycosides, and fluoroquinolones, and have resistance to colistin, sulfonamides, trimethoprim, and polymyxin B; the
ampicillin and cephalosporins susceptibility varied.5 Antibiotic resistance to Shewanella species is on the rise. Shewanella
has been considered a reservoir and vehicle of different antibiotic resistance genes due to the several determinants of
antibiotic resistance detected in the genus.8 The oxacillinase class D β-lactamase encoding genes (blaOXA) confer resistance
to carbapenems, qnr genes to quinolones, class C beta-lactamases (blaAmpC) to cephalosporins, and eptA gene to
colistin.8,23 The susceptibility testing results guided us to the antimicrobial therapy, which used the minimum inhibitory
concentration (MIC) to define the resistance of specific strains to the relative antibiotic. The broth microdilution method was
used to determine the MIC of antimicrobial agents. The breakpoints were identified by Vitek 2 Compact (bioMerieux,
France) automated identification system. The first result of the antibiotic susceptibility test was pan sensitivity. We first
initiated piperacillin-tazobactam in the first admission to the ICU. During the period on the ward, the antibiotics were
imipenem/cilastatin and cefoperazone/sulbactam. However, in the second admission to the ICU, the culture and sensitivity
test showed that S. algae was resistant to the imipenem and piperacillin-tazobactam, thus we switched to meropenem.
Resistance to piperacillin-tazobactam, imipenem, and meropenem had also been reported in some cases.24
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Conclusion
Shewanella species has been considered an emerging cause of human infections. Although its infection has a strong
relationship with exposure to seawater and contact with seafood, several cases that had no exposure to aquatic sources
have been reported, so clinical staff need to consider the rare pathogen for the early diagnosis and prompt initiation of
treatment, especially for patients with malignancy. Also, further study needs to explore the precise guidelines for the
antibiotic choice and duration for Shewanella species.

Ethics Statement
This case had obtained the consent of the ethics committee of Xijing Hospital, and written informed consent was
obtained from the patient’s relatives for the publication of the case details and any accompanying images.
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