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Background: Shewanella species are emerging pathogens that can cause severe

hepatobiliary, skin and soft tissue, gastrointestinal, respiratory infections, and bacteremia.

Here we reported the largest case series of infections caused by Shewanella species.

Aim: To identify the clinical features and risk factors predisposing to Shewanella

infections. To evaluate resistance pattern of Shewanella species and appropriateness

of antibiotic use in the study cohort.

Methods: Patients admitted to a regional hospital in Hong Kong with Shewanella

species infection from April 1, 2010 to December 31, 2020 were included.

Demographics, antibiotics, microbiology, and outcomes were retrospectively analyzed.

Findings: Over the 10 years, we identified 128 patients with Shewanella species

infection. 61.7% were male with a median age of 78 (IQR 65–87). Important underlying

diseases included hepatobiliary diseases (63.3%), malignancy (26.6%), chronic kidney

disease or end-stage renal failure (25.8%), and diabetes mellitus (22.7%). Hepatobiliary

infections (60.4%) were the most common clinical manifestation. Majority (92.2%)

were infected with Shewanella algae, while 7.8% were infected with Shewanella

putrefaciens. The identified organisms were usually susceptible to ceftazidime (98.7%),

gentamicin (97.4%), cefoperazone-sulbactam (93.5%) and ciprofloxacin (90.3%).

Imipenem-susceptible strains were only present in 76.6% of isolates.

Conclusion: This largest case series suggested that Shewanella infections are

commonly associated with underlying comorbidities, especially with hepatobiliary

diseases and malignancy. Although Shewanella species remained largely susceptible

to third and fourth generation cephalosporins and aminoglycosides, carbapenem

resistance has been on a significant rise.

Keywords: Shewanella infection, Shewanella algae, Shewanella putrefaciens, Shewanella species, gram negative
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INTRODUCTION

Shewanella species are Gram-negative bacilli that are motile and
non-fermenting. It was first discovered 90 years ago by Derby and
Hammer in 1931, during an investigation for the cause of surface
taint on properly pasteurized butter. Contamination of dairy
products with this organism led to despicable flavor and odor
despite appropriate storage. The organism was initially given
the name Achromobacter putrefaciens. Later in 1941, Long and
Hammer proposed that it should be renamed as Pseudomonas
putrefaciens under the genus of Pseudomonas. They also further
isolated the organism from other dairy products like milk and
cream, and other sources like soil, water samples, creamery
floors, equipment and sewers. In subsequent decades, this species
was implicated in spoilage of fish and fishery products by
James Shewan and other authors (1). In 1985, this organism
was reclassified to the family of Vibrionaceae as a result of
phylogenetic studies. A new genus, Shewanella, was given to
this organism in honor of James Shewan for his dedication to
marine microbiology. Since its discovery 90 years ago, numerous
case reports and case series have been published regarding
this species. However, infections by Shewanella species were
rare, and knowledge regarding Shewanella-associated infections
remained limited.

MATERIALS AND METHODS

We conducted a retrospective analysis of patients with
Shewanella infection over 10 years, from April 1, 2010 to
December 31, 2020 in Pamela Youde Nethersole Eastern Hospital
(PYNEH), a 1700-bed regional hospital in Hong Kong. Patients
who had insufficient data for analysis were excluded. Data from
the Clinical Management System, the Clinical Information
System (IntelliVue Clinical Information Portfolio, Philips
Medical, Amsterdam, Netherlands) and the medical records were
reviewed retrospectively. Background medical comorbidities,
demographics, clinical and microbiologic characteristics of
Shewanella infection were retrieved and evaluated.

Definitions
Clinical significance of Shewanella infections was classified into
“definite,” “probable,” and “colonization” as described previously
(2). “Definite” Shewanella infection was defined as isolation of
Shewanella from a normally sterile site or pure growth from
other infected sites as a single organism. “Probable” Shewanella
infection was defined as isolation of Shewanella from infected
sites, which is polymicrobial. “Colonization” by Shewanella was
defined by the isolation of Shewanella from sites without clinical
signs or symptoms of infection. Sites of isolation were classified
into intra-abdominal specimens (including bile and peritoneal
swabs), skin and soft tissue specimens, blood, respiratory tract,
and other specimens.

Empirical antibiotics were defined as the antibiotics
administered within 24 h of collection of specimens with
Shewanella being isolated. Subsequent antibiotics were defined as
the antibiotics administered beyond 24 h of specimen collection.

Clinical outcomes being evaluated included hospital length of
stay, need for Intensive Care Unit (ICU) admission and hospital
mortality. The Acute Physiology and Chronic Health Evaluation
(APACHE) IV score was used in those admitted to the ICU to
quantify disease severity and predict the risk of mortality in the
index admission. It comprises 129 variables derived from the
worst values in the initial 24 h of admission. Required variables
for calculating the APACHE IV score include the patient’s
demographic and chronic health variables, physiological and
laboratory parameters, and disease-specific subgroups.

Microbiology
Clinical samples were submitted to the microbiology laboratory
in PYNEH for incubation and processing. Shewanella species was
identified byMatrix-Assisted Laser Desorption Ionization–Time-
Of-Flight (MALDI-TOF)Mass Spectrometry (MS). Susceptibility
testing was performed on the isolates to classify them into
Resistant (R), Intermediate resistant (I) or Susceptible (S) strains
to the tested antibiotics, based on the Clinical and Laboratory
Standards Institute (CLSI) criteria. Before June 2018, the disc
diffusionmethod was employed and the CLSI minimal inhibitory
concentration (MIC) breakpoint for Pseudomonas aeruginosa
was adopted. Since June 2018, the broth micro-dilution method
was performed for susceptibility testing and the CLSI MIC
breakpoint for Other Non-Enterobacteriaceae (ONE) was used.

Ethics
This study was approved by the Hong Kong East Cluster Ethics
Committee of the Hospital Authority (HKECREC-2020-072).

RESULTS

Demographics and Medical Comorbidities
A total of 128 patients with Shewanella infection were identified
during the 10-year study period (Table 1). 79 (61.7%) were
men, and 49 (38.3%) were women. The median age was 78
(interquartile range, IQR 65–87). 81 patients (63.3%) had an
underlying hepatobiliary disease, 34 (26.6%) had an underlying
malignancy, 33 (25.8%) had chronic kidney disease or end-stage
renal failure, and 29 (22.7%) had diabetes mellitus. Among the
34 patients with an underlying malignancy, 58.8% (n = 20) had
cancer of the hepatobiliary tract.

Microbiology
Among 128 patients, 154 specimens were available for further
analysis. Twenty-five episodes were considered “definite”
infections, 75 episodes were considered “probable” infections,
and 54 episodes were considered “colonization.” Co-isolates were
very common (88.3%). The 3 most common organisms involved
in co-infection with Shewanella were Enterococcus (49.4%),
Escherichia Coli (48.1%) and Klebsiella species (27.3%). Table 2
listed all co-isolates involved in co-infection with Shewanella.

Shewanella was isolated from intra-abdominal specimens
(58.4%), skin and soft tissue specimens (20.1%), blood (8.4%),
sputum (8.4%) and other specimens (4.7%). The most common
clinical manifestation was hepatobiliary infections (n = 93,
60.4%), followed by skin and soft tissue (n = 36, 23.4%),
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TABLE 1 | Clinical characteristics of Shewanella-associated sepsis.

Clinical characteristics (n = 128)

Gender Male (n = 79)

Female (n = 49)

M:F ratio (1.6:1)

Age 78 (65–87)

Underlying conditions Hepatobiliary disease (n = 81, 63.3%)

Malignancy (n = 34, 26.6%)

Hepatobiliary cancer (n = 20)

Cholangiocarcinoma (n = 8)

Pancreatic cancer (n = 6)

Cancer of ampulla of Vater (n = 2)

Cancer of gallbladder (n = 4)

Colorectal cancer (n = 7)

Gastric cancer (n = 2)

Breast cancer (n = 2)

Lymphoma (n = 2)

Malignant melanoma (n = 2)

Chronic kidney disease/End-stage renal

failure (n = 33, 25.8%)

Diabetes mellitus (n = 29, 22.7%)

Seawater exposure (n = 6, 4.7%)

Mortality and morbidity Hospital death (n = 11, 8.6%)

Require ICU care (n = 11, 8.6%)

ICU Length of stay (4, IQR 2-8)

ICU mortality (n = 1, 9.1%)

Hospital mortality (n = 2, 18.2%)

APACHE IV risk of death 0.34

(IQR 0.15–0.77)

Clinical manifestations (specimen n = 154)

Hepatobiliary infections (n = 93, 60.4%)

Gallstone or bile duct stone disease

(n = 85)

Skin and soft tissue infections (n = 36, 23.4%)

Chronic wound (DM, chronic venous

insufficiency, malignant ulcer) (n = 13)

Respiratory infections (n = 13, 8.4%)

Gastrointestinal infections (n = 7, 4.5%)

Others (n = 5, 3.2%)

respiratory (n = 13, 8.4%) and gastrointestinal (n = 7, 4.5%)
infections. For those with hepatobiliary infections, 91.4% was
related to gallstone or bile duct stone. For those with skin and soft
tissue infection, 36.1% had chronic wounds due to either diabetes
mellitus or chronic venous insufficiency. Seawater exposure was
noted in 6 patients (4.7%), which were all classified as probable
infections due to polymicrobial growth from infected sites.

Among 128 recruited patients, 118 patients (92.2%) were
infected with Shewanella algae, while 10 patients (7.8%)
were infected with Shewanella putrefaciens. The antibiotic
susceptibility of Shewanella is shown in Table 3. The
identified organisms were usually susceptible to ceftazidime
(98.7%), gentamicin (97.4%), cefoperazone-sulbactam (93.5%),
ciprofloxacin (90.3%), and piperacillin (88.3%). Only 76.6%

TABLE 2 | Common organisms involved in co-infection with Shewanella

(specimen n = 154).

No co-infection (n = 18, 11.6%)

With co-infection (n = 136, 88.3%)

Enterococcus (n = 76, 49.4%)

Escherichia Coli (n = 74, 48.1%)

Klebsiella (n = 42, 27.3%)

Streptococcus (n = 26, 16.9%)

Proteus (n = 25, 16.2%)

Bacteroides (n = 21, 13.6%)

Clostridium (n = 20, 13%)

Staphylococcus (n = 14, 9.1%)

Citrobacter (n = 13, 8.4%)

Enterobacter (n = 12, 7.8%)

Pseudomonas (n = 9, 5.8%)

Morganella (n = 8, 5.2%)

Aeromonas (n = 7, 4.5%)

Candida (n = 6, 3.9%)

Acinetobacter (n = 5, 3.2%)

Vibrio (n = 2, 1.3%)

TABLE 3 | Antibiotic susceptibility of Shewanella (specimen n =154).

Ceftazidime (n = 152, 98.7%)

Gentamicin (n = 150, 97.4%)

Cefoperazone-sulbactam (n = 144, 93.5%)

Ciprofloxacin (n = 139, 90.3%)

Piperacillin (n = 136, 88.3%)

Imipenem-cilastatin (n = 118, 76.6%)

of isolates were susceptible to imipenem-cilastatin. One
isolate showed resistance to multiple antibiotics, including
ceftazidime, cefoperazone-sulbactam, ciprofloxacin, piperacillin
and imipenem-cilastatin, and remained susceptible only to
gentamicin and ticarcillin-clavulanate.

Amoxicillin-clavulanate was prescribed as an empirical
antibiotic in 40.3% of the cases. The carbapenem group
(ertapenem or meropenem) was chosen in 23.3% of the
cases. Cefuroxime (8.4%), piperacillin-tazobactam (8.4%),
aminoglycosides (gentamicin or amikacin, 8.4%), levofloxacin
(7.1%) and ampicillin (3.2%) were less commonly used as
empirical options. For subsequent antibiotics given after
susceptibility results were available, carbapenem group
(ertapenem, meropenem or imipenem-cilastatin, 28.6%) and
piperacillin or piperacillin-tazobactam (23.3%) were commonly
used. Amoxicillin-clavulanate (19.5%) became less prevalent
than it was as an empirical choice.

Carbapenem group was the second most commonly
prescribed empirical antibiotic class. Thirty out of 128 patients in
our cohort received carbapenem empirically. Imipenem-resistant
strains were detected in 5 of them with 1 hospital death, making
up mortality rate of 20% (1 out of 5) among patients receiving
carbapenems inappropriately. Out of the other 25 patients
who received initial carbapenems appropriately, there was 1
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hospital death resulting in mortality rate of 4% (1 out of 25). The
two-tailed P value by Fisher’s exact test was 0.3103, indicating
that the association between presence of carbapenem resistance
and mortality was not statistically significant.

Clinical Outcomes
The median hospital length of stay was 5 days (IQR 2–
12). The overall hospital mortality was 8.6%. Eleven patients
(8.6%) required admission to the Intensive Care Unit (ICU).
The median ICU length of stay was 4 days (IQR 2–8). The
APACHE IV predicted risk of death was 0.34 (IQR 0.15–0.77).
Among the patients admitted to the ICU, 1 patient (9.1%)
died during the ICU stay, and 2 patients (18.2%) died during
the hospitalization.

DISCUSSION

Since its discovery 90 years ago, there has been increasing
understanding of the emerging Shewanella species. Nevertheless,
knowledge regarding the clinical manifestations of Shewanella
species is still primarily derived from isolated case reports or
small case series. Here, we report the largest case series of
Shewanella-associated infections in 128 patients over 10 years.

Risk Factors
Male predominance was frequently described in literature (2–
4). Consistent with the previous studies (2, 4, 5), the male
to female ratio in our study was 1.6:1. It was postulated that
male predominance could be a genetic predisposition or a result
of greater occupational or recreational marine exposure (4, 5).
However, marine exposure was only identified in 6 patients
(4.7%) in our case series and cannot solely account for the
male predominance.

Important underlying conditions associated with Shewanella-
associated infections found in our study were hepatobiliary
diseases (63.3%), malignancy (26.6%), chronic kidney disease
(25.8%), and diabetes mellitus (22.7%). Hepatobiliary disease
is well known to be associated with Shewanella infections
in several case reports and case series (2, 3, 6–9). Chen
et al. (3) reported a case series of 16 Shewanella putrefaciens-
associated skin and soft tissue infections, in which hepatobiliary
disorder has been identified in 75% of the cases. To et al.
(2) reported half of the patients with Shewanella bacteremia
had an underlying hepatobiliary disease, while Liu et al. (9)
reported 28 out of 59 (47.4%) bacteremic patients having
an underlying hepatobiliary disease. In our series, 81 out of
128 patients (63.3%) had an underlying hepatobiliary disease,
which included choledocholithiasis, cholecystitis, cholangitis,
liver abscess and malignant biliary obstruction. Eleven of
our patients had Shewanella bacteremia, of which 6 (54.5%
of bacteremic patients) had a hepatobiliary disease. One
proposed mechanism is the lipophilic property and bile affinity
of Shewanella species, as demonstrated by frequent isolation
of the species from oil emulsions and fatty foods (3, 10).
Another proposed mechanism was hepatic dysfunction resulting
in iron overload, which suppresses neutrophilic activity and
causes impaired phagocytosis, facilitating bacterial invasion and

bacteremia (9, 11). This was speculated to be associated with
Shewanella infections in expert opinion (2, 9).

Previous studies have also shown important associations
between an underlying malignancy and Shewanella infections
(2, 12, 13). Malignancy was present in 26.6% of patients in our
study, andmore than half (20 out of 34, 58.8%) weremalignancies
involving the hepatobiliary tract. Previous case reports postulated
that cancer patients were predisposed to Shewanella infections
due to immunosuppression (13), neutropenia (14, 15), and
aggressive chemotherapeutic regimens being used (15).

Patients with chronic kidney disease (CKD) made up 25.8%
of our study cohort. Significant correlation between CKD and
Shewanella infection was not demonstrated in the existing
literature. Isolated case reports have described peritonitis caused
by Shewanella species in uremic patients on peritoneal dialysis
(16–20). Shewanella infection (21) and septicemia (22) was also
reported as rare case reports in patients receiving hemodialysis.
These infections in hemodialysis patients reported in the
literature were complications of the vascular access, either as
catheter-related bloodstream infections or as an infected arterio-
venous graft. In contrast to previous studies, none of our uremic
patients suffered from Shewanella peritonitis due to underlying
peritoneal dialysis. There were 3 cases of bacteremia in our
subgroup of patients with CKD. None of these bacteremic
patients had underlying vascular access. Two of them suffered
from cholangitis, and 1 of them had necrotizing fasciitis. Our
study was the first to demonstrate an association between
Shewanella-associated infections and CKD per se and not as a
complication of the dialysis modality employed. One possible
explanation was the dysregulated iron homeostasis contributing
to anemia in CKD, recently demonstrated to be related to raised
hepcidin levels in uraemia (23). An overall positive iron balance
may result (23). Iron then binds in high affinity to siderophores
being produced by Shewanella species (24, 25).

A substantial portion of our cohort had underlying diabetes
mellitus, accounting for approximately one-fifth (22.7%) of
the cases. The association between diabetes and Shewanella
infections has already been depicted in previous case reports
and case series (2, 18, 20). Diabetic patients also frequently
develop lower extremity ulcers. Patients with chronic wounds
and ulcers are prone to skin and soft tissue infections by
Shewanella species (26–33). These infections may or may not
be preceded by contaminated water exposure to the wounds
or ulcers. These infected skin lesions can potentially cause
bacteremia, as described in one case series of 6 patients
with an underlying burn wound or ulcerative skin lesion
who developed Shewanella putrefaciens bacteremia (14). In our
study, 13 patients had chronic wound conditions, including
diabetics ulcers, chronic venous insufficiencies, and malignant
melanoma with fungating wounds, making up 36.1% (13 out
of 36) of all skin and soft tissue infections. Consistent with
other studies (27), the majority of our patients with chronic
wounds did not have preceding seawater exposure. The only
case documented to have contaminated water exposure was
a patient with chronic venous insufficiency who did dressing
to his ulcer at home with non-sterile tap water (Case 6,
Table 4).
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TABLE 4 | Cases with marine exposure.

Case No. Sex/Age Underlying

disease

Primary

diagnosis

Relevant marine exposure history Culture specimen Clinical

significance

1 F/58 None Pneumonia Non-fatal drowning Endotracheal aspirate Probable

2 M/71 None Traumatic

amputation of

thumb

Fisherman, thumb laceration by ropes

while fishing

Wound swab Probable

3 M/59 None Post-traumatic

wound infection

Fish farm owner, fall with elbow

contusion

Wound swab Probable

4 M/87 Diabetes

mellitus

Scald wound

infection

Recent pipeline damage causing

home flooding, poor home hygiene

Scald injury by hot water

Wound swab Probable

5 M/75 None Infected lower limb

ulcer

Injury by broken furniture during

typhoon with sea water contacted

Wound swab Probable

6 M/57 None Infected venous

ulcer

Self-dressing to venous ulcer with

non-sterile tap water

Wound swab Probable

Shewanella species is a renowned marine organism, making
seawater contact is a well-recognized risk factor for Shewanella-
associated infections. Marine-related occupations or recreational
activities such as diving (34), swimming (18), fishing (2, 18, 21)
and crabbing (2) were identified to be important predisposing
events to Shewanella infections. However, the importance of
marine exposure in Shewanella infections varies in the literature.
Holt et al. (34) reported a striking identification of seawater
contact history in 85% (47 out of 55) cases of Shewanella algae
ear infections. On the contrary, To et al. (2) identified only
2 out of 29 cases with a marine association, suggesting that
an alternative vehicle or route of Shewanella infection may be
present. In our series, only 6 out of 128 patients had documented
seawater contact. All these cases had co-isolates present in the
cultured specimens and were classified as “probable” infections.
Most of them (5 out of 6) had skin and soft tissue infection
after marine exposure, while 1 had respiratory tract infection
after non-fatal drowning. Table 4 displayed details of the 6 cases.
Our study echoes with the findings of To et al. (2), which was
also carried out in Hong Kong, that the majority of Shewanella-
associated infections did not have documented seawater contact.
The warm climate in Hong Kong is favorable for Shewanella
species (2, 35). Residing near seas and seacoasts was also
identified as a potential risk factor for Shewanella infections
(16). Hong Kong is located in close proximity to the seacoast,
with high seafood demand and consumption. A possible route
of transmission would be contaminated seafood in the waters of
Hong Kong, which is ingested raw or undercooked (2, 9). These
may explain the relatively large number of local cases recorded
in Hong Kong.

Clinical Presentations
Shewanella-associated infections are categorized into
hepatobiliary infections, skin and soft tissue infections,
bacteremia, and miscellaneous infections (5). Otitis
media is a separate category of Shewanella-associated
infection primarily described in the pediatric population
and runs a relatively benign clinical course (34). Rarer

involvement includes endophthalmitis (36), infective
endocarditis (37), pericarditis (13), cerebellar abscess
(38) and splenic abscess (39) described only in isolated
case reports.

Hepatobiliary infections were predominant (60.4%, 93 out
of 154 specimens) in our case series. This was consistent with
the study by To et al., which was also carried out in Hong
Kong (2), where intra-abdominal foci were the most typical
site from which Shewanella species were isolated. In contrast,
most other studies rarely isolated Shewanella species from
the hepatobiliary system or intra-abdominally. Our findings
may be attributed to the fact that a heavy proportion of our
cohort had pre-existing hepatobiliary disorder (63.3%), which
predisposed them to hepatobiliary tract infections. 51.6% (48
out of 93 specimens) of these hepatobiliary infections were
classified as asymptomatic “colonization” while 40.9% (38 out
of 93 specimens) were classified as “probable” infections. All
isolates classified as “probable” infections and “colonization”
had heavy co-isolates of enteric organisms like Escherichia coli,
Klebsiella species and Enterococcus species. Similar polymicrobial
and asymptomatic colonization of the PTBD was also observed
in the study by To et al. (2). In To’s study, none of the bile
specimens was classified as “definite” infections (2). In our series,
7.5% (7 out of 93) of bile specimens were classified as “definite”
infections, all of them being bacteremia. Our study showed that in
patients with an underlying hepatobiliary disorder, asymptomatic
colonization of the biliary tract and existing drains by Shewanella
and other enteric organisms was prevalent. These colonizing
organisms may evolve into genuine and severe infections
like bacteremia in appropriate clinical settings, such as acute
biliary obstruction.

The overall 30-day mortality in our series was 8.6%. When
only “definite” infections were considered, the mortality rate
was significantly increased to 28.6%. In the Hong Kong study
by To et al. (2), the overall 30-day mortality was 20.6%, much
higher than our series. Among those with “definite” infections,
they reported a mortality rate of 28%, and it was very similar
to ours. Interestingly, one South African case series of 16 cases
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of Shewanella bacteremia reported only 7% overall mortality
(14), suggesting a relatively benign clinical course even in
cases of bacteremia. In a Denmark study by Holt et al., which
focused on Shewanella-associated ear infections, the overall
mortality was 0% due to the benign nature of ear infections
(34). Overall, the reported mortality rate of Shewanella-
associated infections in existing literature varied from 0 to 16%
(2, 3, 5, 14, 34).

Antibiotic Susceptibility
Our study showed that the majority (>97%) of Shewanella
species were susceptible to ceftazidime and gentamicin. This
was consistent with a prior study in Hong Kong carried out
10 years ago. Shewanella was found to be uniformly susceptible
(100%) toward ceftazidime and aminoglycosides (gentamicin,
amikacin, and tobramycin) (2). Susceptibility to cefoperazone-
sulbactam, ciprofloxacin and piperacillin in our cohort also
remained similar to that reported in the prior Hong Kong
study (2). Alarmingly, resistance toward carbapenems has risen
significantly over the past 10 years. Imipenem-resistant strains
were detected in 3.7% of isolates in that study (2), hence
96.3% of Shewanella species were still imipenem-susceptible.
Our study detected imipenem-resistant strains in 23.4% of
isolates, with only 76.6% of isolates remaining imipenem-
susceptible. In addition, resistance toward carbapenem may
develop during therapy in initially susceptible strains (40). Kim
et al. described a case of Shewanella algae bacteremia showing
initial susceptibility to imipenem (40). Despite treatment with
imipenem, the patient developed an epidural abscess requiring
surgical drainage. The isolate from the epidural abscess was
resistant to imipenem, and cefepime was used instead for
subsequent treatment. It was postulated that a carbapenem-
hydrolyzing class D beta-lactamase might play a role in the
emergence of carbapenem resistance in the course of treatment
for Shewanella algae (40, 41). Whole genome sequencing of
Shewanella algae isolates showed expression of a higher level
of blaOXA-55-like transcription and beta-lactamase activity
in carbapenem-resistant strains, as compared to carbapenem-
susceptible isolates (42). Shewanella xiamenensis was reported
to harbor blaOXA-48-like class D carbapenemase genes (43).
Shewanella oneidensis was shown to carry blaOXA-54 genes that
encoded the class D beta-lactamase OXA-54 and led to significant
hydrolysis of imipenem (44). Presence of these blaOXA genes for
carbapenem-hydrolyzing class D beta-lactamase in Shewanella
species could explain for reduced carbapenem activity toward
Shewanella species.

Of note, carbapenem was a popular choice as an empirical
antibiotic (23.3%, 30 out of 128 patients) in the treatment of
Shewanella-associated infection in our study. 16.6% (5 out of 30)
of patients received carbapenem as an inappropriate empirical
choice, as carbapenem-resistant strains were eventually detected
in these patients. Hospital mortality differed between those
who received carbapenems appropriately and inappropriately
at 4 and 20% respectively, although the difference failed
to reach a statistical significance (p = 0.3103). However, a
major confounder to interpret this association is our limited
sample size. Overall, carbapenem susceptibility appeared to

be variable and inconsistent. The use of carbapenems in
Shewanella infections may need to be mindfully re-evaluated in
the future in light of increasing resistance toward carbapenems
and propensity to develop resistance toward carbapenems
during treatment.

Limitations
Our study was a retrospective study, and information on
exposure history was subject to recall bias. For instance, the
number of cases with seawater exposure prior to Shewanella
infection may be under-estimated as marine contact history
could be easily missed by the inattentive and unaware patient.

Secondly, different versions of CLSI MIC breakpoints were
being used in our study period because of a change in
the method employed for susceptibility testing in the 10-
year period. This may have an impact on interpretation of
the increasing carbapenem resistance as previously discussed.
However, we must also acknowledge that the susceptibility
pattern to other classes of antibiotics did not differ significantly
despite a change in the CLSI criteria being used. Although
we did not apply a consistent system of CLSI interpretation
throughout the study period, the significantly increasing
trend of carbapenem resistance should not be undermined
or ignored.

Thirdly, identification of Shewanella species was based on
MALDI-TOF Mass Spectrometry in our study. This may be
unreliable as only few representative species are present in the
current database. Increasing number of novel species have been
identified in the Shewanella genus. For instance, Shewanella
chilikensis and Shewanella carassii are phylogenetically related to
Shewanella algae and are also implicated in human infections
(42, 45, 46). Identification of these species requires dedicated
techniques such as whole genome sequencing (42). It is possible
that some samples of Shewanella algae in our study were in fact
these novel Shewanella species, which were being “mis-identified”
as Shewanella algae.

Fourthly, phylogenetic analysis or molecular characterization
of antimicrobial resistance mechanisms were not carried out in
our study.

CONCLUSIONS

To our knowledge, this is the largest case series of Shewanella
infections. Underlying hepatobiliary diseases and malignancies
were consistent predisposing factors to Shewanella infections
across the literature. In our cohort, hepatobiliary infections were
predominant, and the majority were related to gallstone or bile
duct stone disease. Patients with chronic skin ulcers, with or
without marine exposure, were prone to Shewanella-associated
skin and soft tissue infections. Most Shewanella species remained
susceptible to third and fourth generation cephalosporins, as well
as aminoglycosides. A trend of increasing carbapenem resistance
was observed. The emergence of carbapenem resistance may also
occur during treatment for an initially susceptible strain. Options
other than carbapenems may need to be considered in treating
Shewanella-associated infections.

Frontiers in Medicine | www.frontiersin.org 6 April 2022 | Volume 9 | Article 850938

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Ng et al. Emerging Infections Due to Shewanella spp.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author/s.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Hong Kong East Cluster Ethics Committee
of the Hospital Authority (HKECREC-2020-072). Written
informed consent for participation was not required for this
study in accordance with the national legislation and the
institutional requirements.

AUTHOR CONTRIBUTIONS

WN helped with manuscript conception, data collection,
data interpretation, writing of the manuscript, and critical
review of the manuscript. H-PS helped with data collection,
data interpretation, and critical review of the manuscript.
KT and SS helped with critical review of the manuscript.
All authors contributed to the article and approved the
submitted version.

ACKNOWLEDGMENTS

The authors wish to thank Dr. Jimmy Lam for his assistance.

REFERENCES

1. Shewan JM Hobbs G, Hodgkiss W. A determinative scheme for the

identification of certain genera of. Gram-negative bacteria, with special

reference to the pseudomonadaceae. J Appl Bacteriol. (1960) 23:379–90.

doi: 10.1111/j.1365-2672.1960.tb00211.x

2. To KKW, Wong SSY, Cheng VCC, Tang BSF, Li IWS, Chan JFW,

et al. Epidemiology and clinical features of Shewanella infection

over an eight-year period. Scand J Infect Dis. (2010) 42:757–62.

doi: 10.3109/00365548.2010.490562

3. Chen YS, Liu YC, Yen MY, Wang JH, Wang JH, Wann SR, et al. Skin and

soft-tissuemanifestations of Shewanella putrefaciens infection.Clin Infect Dis.

(1997) 25:225–9. doi: 10.1086/514537

4. Martín-Rodríguez AJ, Martín-Pujol O, Artiles-Campelo F, Bolaños-Rivero M,

Römling U. Shewanella spp. infections in Gran Canaria, Spain: retrospective

analysis of 31 cases and a literature review. JMM Case Rep. (2017) 4:e005131.

doi: 10.1099/jmmcr.0.005131

5. Janda JM, Abbott SL. The genus Shewanella: from the briny depths

below to human pathogen. Crit Rev Microbiol. (2014) 40:293–312.

doi: 10.3109/1040841X.2012.726209

6. Otsuka T, Noda AT. Noguchi Nakamura H, Ibaraki K, Yamaoka K. Shewanella

infection in decompensated liver disease: a septic case. J Gastroenterol. (2007)

42:87–90. doi: 10.1007/s00535-006-1957-0

7. Tsai MS, You HL, Tang YF, Liu JW. Shewanella soft tissue infection:

case report and literature review. Int J Infect Dis. (2008) 12:e119–24.

doi: 10.1016/j.ijid.2008.03.020

8. Myung DS, Jung YS, Kang SJ, Song YA, Park KH, Jung SI, et al. Primary

shewanella algae bacteremia mimicking vibrio septicemia. J Korean Med Sci.

(2009) 24:1192. doi: 10.3346/jkms.2009.24.6.1192

9. Liu PY, Lin CF, Tung KC, Shyu CL, Wu MJ, Liu JW, et al.

Clinical and microbiological features of shewanella bacteremia in

patients with hepatobiliary disease. Intern Med. (2013) 52:431–8.

doi: 10.2169/internalmedicine.52.8152

10. Pivnick H. Pseudomonas rubescens. A new species from soluble oil emulsions.

J Bacteriol. (1955) 70:1. doi: 10.1128/jb.70.1.1-6.1955

11. Tajiri T, Tate G, Masunaga A, Miura K, Masuda S, Kunimura T, et al. Autopsy

cases of fulminant bacterial infection in adults: Clinical onset depends on the

virulence of bacteria and patient immune status. J Infect Chemother. (2012)

18:637–45. doi: 10.1007/s10156-012-0384-9

12. Saidel-Odes L, Borer A, Riesenberg K, Schlaeffer F. Shewanella spp. infection

following treatment for upper gastrointestinal bleeding. Scand J Infect Dis.

(2009) 39:360–1. doi: 10.1080/00365540600978948

13. Tan CK, Lai CC, Kuar WK, Hsueh PR. Purulent pericarditis with greenish

pericardial effusion caused by Shewanella algae. J Clin Microbiol. (2008)

46:2817–9. doi: 10.1128/JCM.01018-08

14. Brink AJ, Van Straten A, Van Rensburg A. Shewanella (Pseudomonas)

putrefaciens bacteremia. Clin Infect Dis. (1995) 20:1327–32.

doi: 10.1093/clinids/20.5.1327

15. Krsnik I, Arribalzaga K, Romanyk J. Shewanella alga bacteremia and

associated cellulitis in a patient with multiple myeloma. Haematologia

(Budap). (2002) 32:79–80. doi: 10.1163/156855902760262808

16. Yim SY, Kang YS, Cha DR, Park DW, Youn YK, Jo YM, et al. Fatal

PD peritonitis, necrotizing fasciitis, and bacteremia due to Shewanella

putrefaciens. Perit Dial Int. (2010) 30:667–9. doi: 10.3747/pdi.2010.00084

17. Takata T, Chikumi H, Morishita S, Hamada S, Hoi S, Iyama T, et al.

Shewanella algae bacteremia in an end-stage renal disease patient: a

case report and review of the literature. Intern Med. (2017) 56:729.

doi: 10.2169/internalmedicine.56.7616

18. Bhandari S, Pan TLT, Horvarth J, Tiller D. CAPD swimming in shewanella.

Nephrol Dial Transplant. (2000) 15:1484–5. doi: 10.1093/ndt/15.9.1484

19. ShanmuganathanM, Goh BL, LimC, Norfadhlina Z, Fairol I. Shewanella algae

peritonitis in patients on peritoneal dialysis. Perit Dial Int. (2016) 36:574–5.

doi: 10.3747/pdi.2015.00287

20. Dan M, Gutman R, Biro A. Peritonitis caused by Pseudomonas putrefaciens

in patients undergoing continuous ambulatory peritoneal dialysis. Clin Infect

Dis. (1992) 14:359–60. doi: 10.1093/clinids/14.1.359

21. Jammula P, Gupta R, Agraharkar M. Vascular steal syndrome and shewanella

alga infection requiring amputation in a hemodialysis patient. Saudi J Kidney

Dis Transpl. (2003) 14:511–515.

22. Iwata M, Tateda K, Matsumoto T, Furuya N, Mizuiri S, Yamaguchi K. Primary

Shewanella alga septicemia in a patient on hemodialysis. J Clin Microbiol.

(1999) 37:2104–5. doi: 10.1128/JCM.37.6.2104-2105.1999

23. Wish JB, Aronoff GR, Bacon BR, Brugnara C, Eckardt KU, Ganz T, et al.

Positive Iron balance in chronic kidney disease: how much is too much and

how to tell? Am J Nephrol. (2018) 47:72–83. doi: 10.1159/000486968

24. Gram L. Siderophore-mediated iron sequestering by shewanella

putrefaciens. Appl Environ Microbiol. (1994) 60:2132-6.

doi: 10.1128/aem.60.6.2132-2136.1994

25. Rutschlin S, Gunesch S, Böttcher T. One Enzyme, three

metabolites: shewanella algae controls siderophore production via

the cellular substrate pool. Cell Chem Biol. (2017) 24:598.e10-604.

doi: 10.1016/j.chembiol.2017.03.017

26. Kim JH, Cooper RA, Welty-Wolf KE, Harrell LJ, Zwadyk P, Klotman ME.

Pseudomonas putrejaciens bacteremia. Rev Infect Dis. (1989) 11:97–104.

doi: 10.1093/clinids/11.1.97

27. Appelbaum PC, Bowen AJ. Opportunistic infection of chronic skin

ulcers with Pseudomonas putrefaciens. Br J Dermatol. (1978) 98:229–31.

doi: 10.1111/j.1365-2133.1978.tb01628.x

28. Vandepitte J, Debois J. Pseudomonas putrefaciens as a cause of bacteremia

in humans. J Clin Microbiol. (1978) 7:70–2. doi: 10.1128/jcm.7.1.70-

72.1978

29. Eschete ML, Williams F, West BC. Pseudomonas putrefaciens and group a

β-Hemolytic Streptococcus Septicemia. Arch Intern Med. (1980) 140:1533–4.

doi: 10.1001/archinte.1980.00330220081030

30. Levy PY, Tessier JL. Arthritis due to Shewanella putrefaciens. Clin Infect Dis.

(1998) 26:536. doi: 10.1086/517088

Frontiers in Medicine | www.frontiersin.org 7 April 2022 | Volume 9 | Article 850938

https://doi.org/10.1111/j.1365-2672.1960.tb00211.x
https://doi.org/10.3109/00365548.2010.490562
https://doi.org/10.1086/514537
https://doi.org/10.1099/jmmcr.0.005131
https://doi.org/10.3109/1040841X.2012.726209
https://doi.org/10.1007/s00535-006-1957-0
https://doi.org/10.1016/j.ijid.2008.03.020
https://doi.org/10.3346/jkms.2009.24.6.1192
https://doi.org/10.2169/internalmedicine.52.8152
https://doi.org/10.1128/jb.70.1.1-6.1955
https://doi.org/10.1007/s10156-012-0384-9
https://doi.org/10.1080/00365540600978948
https://doi.org/10.1128/JCM.01018-08
https://doi.org/10.1093/clinids/20.5.1327
https://doi.org/10.1163/156855902760262808
https://doi.org/10.3747/pdi.2010.00084
https://doi.org/10.2169/internalmedicine.56.7616
https://doi.org/10.1093/ndt/15.9.1484
https://doi.org/10.3747/pdi.2015.00287
https://doi.org/10.1093/clinids/14.1.359
https://doi.org/10.1128/JCM.37.6.2104-2105.1999
https://doi.org/10.1159/000486968
https://doi.org/10.1128/aem.60.6.2132-2136.1994
https://doi.org/10.1016/j.chembiol.2017.03.017
https://doi.org/10.1093/clinids/11.1.97
https://doi.org/10.1111/j.1365-2133.1978.tb01628.x
https://doi.org/10.1128/jcm.7.1.70-72.1978
https://doi.org/10.1001/archinte.1980.00330220081030
https://doi.org/10.1086/517088
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Ng et al. Emerging Infections Due to Shewanella spp.

31. Paccalin M, Grollier G, Le Moal G, Rayeh F, Camiade C. Rupture of a primary

aortic aneurysm infected with Shewanella Alga. Scand J Infect Dis. (2009)

33:774–5. doi: 10.1080/003655401317074626

32. Finkelstein R, Oren I. Soft tissue infections caused by marine bacterial

pathogens: epidemiology, diagnosis, and management. Curr Infect Dis Rep.

(2011) 13:470–77. doi: 10.1007/s11908-011-0199-3

33. Chen SCA, Lawrence RH, Packham DR, Sorrell TC. Cellulitis due to

Pseudomonas putrefaciens: possible production of exotoxins. Rev Infect Dis.

(1991) 13:642–3. doi: 10.1093/clinids/13.4.642

34. Holt HM, Søgaard P, Gahrn-Hansen B. Ear infections with Shewanella

alga: a bacteriologic, clinical and epidemiologic study of 67 cases.

Clin Microbiol Infect. (1997) 3:329–33. doi: 10.1111/j.1469-0691.1997.tb

00622.x

35. Holt HM, Gahrn-Hansen B, Bruun B. Shewanella algae and shewanella

putrefaciens: clinical and microbiological characteristics. Clin Microbiol Infect.

(2005) 11:347–52. doi: 10.1111/j.1469-0691.2005.01108.x

36. Hou YC, Hu FR. Shewannela putrefaciens endophthalmitis after

penetrating keratoplasty. Am J Ophthalmol. (1997) 124:114–5.

doi: 10.1016/S0002-9394(14)71657-5

37. Dhawan B, Chaudhry R, Mishra BM, Agarwal R. Isolation of

Shewanella putrefaciens from a rheumatic heart disease patient

with infective endocarditis. J Clin Microbiol. (1998) 36:2394.

doi: 10.1128/JCM.36.8.2394-2394.1998

38. Yilmaz G, Aydin K, Bektas D, Caylan R, Caylan R, Koksal I. Cerebellar

abscess and meningitis, caused by Shewanella putrefaciens and Klebsiella

pneumoniae, associated with chronic otitis media. J Med Microbiol. (2007)

56:1558–60. doi: 10.1099/jmm.0.47044-0

39. Basir N, Yong AML, Chong VH. Shewanella putrefaciens, a rare

cause of splenic abscess. J Microbiol Immunol Infect. (2012) 45:151–3.

doi: 10.1016/j.jmii.2011.09.007

40. Kim DM, Kang CI, Lee CS, Kim H-B, Kim EC, Kim NJ, et al. Treatment

failure due to emergence of resistance to carbapenem during therapy

for shewanella algae bacteremia. J Clin Microbiol. (2006) 44:1172–4.

doi: 10.1128/JCM.44.3.1172-1174.2006

41. Héritier C, Poirel L, Nordmann P. Genetic and biochemical

characterization of a chromosome-encoded carbapenem-hydrolyzing

ambler class D β-lactamase from shewanella algae. Antimicrob

Agents Chemother. (2004) 48:1670. doi: 10.1128/AAC.48.5.1670-16

75.2004

42. Ohama Y, Aoki K, Harada S, Nagasawa T, Sawabe T, Nonaka L, et al. Genetic

environment surrounding bla OXA-55-like in clinical isolates of shewanella

algae clade and enhanced expression of bla OXA-55-like in a carbapenem-

resistant isolate.mSphere. (2021) 6:e0059321. doi: 10.1128/mSphere.00593-21

43. Antonelli A, Di Palo DM, Galano A, Becciani S, Montagnani C, Pecile P, et al.

Intestinal carriage of Shewanella xiamenensis simulating carriage of OXA-

48-producing Enterobacteriaceae. Diagn Microbiol Infect Dis. (2015) 82:1–3.

doi: 10.1016/j.diagmicrobio.2015.02.008

44. Poirel L, Héritier C, Nordmann P. Chromosome-encoded ambler class

d-lactamase of shewanella oneidensis as a progenitor of carbapenem-

hydrolyzing oxacillinase. Antimicrob Agents Chemother. (2004) 48:348–51.

doi: 10.1128/AAC.48.1.348-351.2004

45. Martín-Rodríguez AJ, Suárez-Mesa A, Artiles-Campelo F, Römling U,

Hernández M. Multilocus sequence typing of Shewanella algae isolates

identifies disease-causing Shewanella chilikensis strain 6I4. FEMS Microbiol

Ecol. (2019) 95:1–10. doi: 10.1093/femsec/fiy210

46. Sucharita K, Sasikala C, Park SC, Baik KS, Seong CN, Ramana CV. Shewanella

chilikensis sp. nov, a moderately alkaliphilic gammaproteobacterium

isolated from a lagoon. Int J Syst Evol Microbiol. (2009) 59:3111–5.

doi: 10.1099/ijs.0.010918-0

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Ng, Shum, To and Sridhar. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Medicine | www.frontiersin.org 8 April 2022 | Volume 9 | Article 850938

https://doi.org/10.1080/003655401317074626
https://doi.org/10.1007/s11908-011-0199-3
https://doi.org/10.1093/clinids/13.4.642
https://doi.org/10.1111/j.1469-0691.1997.tb00622.x
https://doi.org/10.1111/j.1469-0691.2005.01108.x
https://doi.org/10.1016/S0002-9394(14)71657-5
https://doi.org/10.1128/JCM.36.8.2394-2394.1998
https://doi.org/10.1099/jmm.0.47044-0
https://doi.org/10.1016/j.jmii.2011.09.007
https://doi.org/10.1128/JCM.44.3.1172-1174.2006
https://doi.org/10.1128/AAC.48.5.1670-1675.2004
https://doi.org/10.1128/mSphere.00593-21
https://doi.org/10.1016/j.diagmicrobio.2015.02.008
https://doi.org/10.1128/AAC.48.1.348-351.2004
https://doi.org/10.1093/femsec/fiy210
https://doi.org/10.1099/ijs.0.010918-0
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Emerging Infections Due to Shewanella spp.: A Case Series of 128 Cases Over 10 Years
	Introduction
	Materials and Methods
	Definitions
	Microbiology
	Ethics

	Results
	Demographics and Medical Comorbidities
	Microbiology
	Clinical Outcomes

	Discussion
	Risk Factors
	Clinical Presentations
	Antibiotic Susceptibility
	Limitations

	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	References


