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Abstract
Backgroud: Monomicrobial necrotizing fasciitis (NF) caused by Vibrio vulni�cus, Aeromonas hydrophila
and Aeromonas sobria are often associated with high mortality rates. The purpose of this study was to
compare the independent predictors related to outcomes between of Vibrio vulni�cus and Aeromonas
spp. necrotizing fasciitis. We also investigated the risk factors association with mortality in patients with
monomicrobial Aeromonas necrotizing fasciitis.

Methods: Monomicrobial necrotizing fasciitis caused by Vibrio vulni�cus (60 patients) and Aeromonas
species (31 patients) over an 11-year period were retrospectively reviewed. Differences in mortality,
patient characteristics, clinical presentations, and laboratory data were compared between the Vibrio
vulni�cus and Aeromonas species groups, and between the death and the survival subgroups Aeromonas
patients.

Results: Six patients in the Vibrio vulni�cus group (10%) and eleven in the Aeromonas group (32.3%) died.
Vibrio vulni�cus patients had a signi�cant higher incidence of bacteremia; however, the proportion of
Aeromonas patients presenting bacteremia associated with death was signi�cantly higher than that of
Vibrio vulni�cus group (p = 0.0002). Aeromonas isolates had a signi�cant higher incidience of antibiotics
resistance (p = 0.0001). The death subgroup of Aeromonas NF patients had a signi�cantly higher
incidence of bacteremia (p = 0.001), higher counts of banded leukocytes (p = 0.026), lower platelet counts
(p = 0.043), lower total lymphocyte counts (p = 0.013), and lower serum albumin level (p = 0.019) than the
survival subgroup.

Conclusion: Monomicrobial necrotizing fasciitis caused by Aeromonas spp. was characterized more
fulminating and higher mortality than that of the Vibrio vulni�cus infection even after early fasciotomy
and third-generation cephalosporin antibiotic therapy. The death patients of Aeromonas group have a
signi�cantly higher proportion of antibiotics resistance and bacteremia, higher incidence of shock, lower
lymphocyte counts, and lower albumin levels than the Vibrio patients who died.

Level of Evidence: Therapeutic level III.

Introduction
Necrotizing fasciitis which is a rapidly progressive, life-threatening soft-tissue infection with an average
of mortality rate of 22.6 to 33% has been documented a medical and orthopaedic emergency in the past
decade (1–6). Necrotizing fasciitis needs early diagnosis, emergent surgical debridement, and broad-
spectrum antibiotic therapy when patients appear in the emergency department (1–5). Although type I
necrotizing fasciitis which is a polymicrobial infection involving aerobic and anaerobic organisms was
often reported, the incidence of monomicrobial necrotizing fasciitis has recently been reported to be as
high as 55 to 87% (3–6). Recent literatures revealed that monomicrobial necrotizing fasciitis caused by
gram-negative pathogens, such as Vibrio vulni�cus, Klebsiella pneumoniae, Aeromonas hydrophila,
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Pseudomonas spp. and Escherichia coli, could cause fulminant clinical courses and fatal syndrome (4–
12).

Vibrio vulni�cus and Aeromonas species, members of the Vibrionaceae family, are gram-negative
pathogens and thrive in aquatic environments to cause acute gastrointestinal illness, soft-tissue
infections and primary septicemia in humen (12–15). Vibrio spp. and Aeromonas spp. can produce
similar necrotic skin lesions, such as pain, swelling, hemorrhagic bullae, subcutaneous bleeding, purpura,
and necrosis, and are often associated with high mortality rates in patients with necrotizing fasciitis.

Nearly �fty patients with necrotizing fasciitis are admitted to our institution annually, and Vibrio vulni�cus
are the most frequent causative organism of monmicrobial necrotizing fasciitis (4, 10–14, 16). We have
set up the team “Vibrio necrotizing soft tissue infection (NSSTI) Treatment and Research (VTR) Group”,
which consists of professional staff working in various departments, including emergency medicine,
orthopedic surgery, infectious diseases, intensive care unit (ICU), plastic surgery, and hyperbaric oxygen
treatment center. Our team has successfully decreased the mortality rate of Vibrio NF from 38–13% (4,
10–14, 16–19). However, we observed that the patients with monmicrobial necrotizing fasciitis caused
by Aeromonas hydrophila and Aeromonas sobria still had the highest mortality rates up to 50% even we
performed early diagnosis and immediately surgical interventions (4, 12, 14, 16).

The purpose of this study was to evaluate the speci�c characteristics of Vibrio vulni�cus and Aeromonas
spp. necrotizing fasciitis, and to compare the independent predictors related to outcomes between the
two groups. We also investigated the risk factors association with mortality in patients with
monomicrobial Aeromonas necrotizing fasciitis.

Subject And Methods
Study design and patient selection

            We retrospectively reviewed the medical records of ninty-one patients with surgically con�rmed
monmicrobial necrotizing fasciitis caused by Vibrio vulni�cus and Aeromonas species who were
admitted to our hospital from July 2009 to December 2019. The cultured specimens, obtained from the
wounds or the blood, were con�rmed by microbiologic evaluation, and those enrolled patients were
categorized into two groups: the Vibrio vulni�cus group and the Aeromonas species group. Patients who
had been con�rmed polymicrobial necrotizing fasciitis were excluded.

There were 60 patients with Vibrio vulni�cus (collected from March 2015 to December 2019) and 31
patients with Aeromonas hydrophila or Aeromonas sobria infection (collected from May 2008 to October
2019) were included. The most common complaints of patients with necrotizing fasciitis were pain and
swelling of the involved limbs with edematous, patchy, erythematous, and hemorrhagic bullous skin
lesions at the time of admission to the emergency room or at the time of consultation in the hospital
ward. Ceftriaxone or ceftazidime combined with doxycycline or other antibiotics were administered in all
patients, and the blood cultures were obtained before the antibiotic therapy. The emergent operations of
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fasciotomy or limb amputation were performed, and the cultures of tissue specimens were obtained
during the operation. Initial empiric antibiotics were continued after �rst surgery and adjusted based on
the results of blood cultures and tissue tests few days later. Soft tissue reconstructions, such as skin
grafts and �ap reconstruction, were done until the infected necrotic tissue was controlled and stabilized
(Figure 1).

Microbiology laboratory procedures

Identi�cation of Vibrio vulni�cus, Aeromonas hydrophila and Aeromonas sobria was based on standard
phenotypic tests used in clinical microbiology laboratories. All strains were identi�ed to the species level
by conventional methods and were further veri�ed by the API-20E and ID 32 GN Systems (bioMérieux Inc.,
Hazelwood, MO, USA), or the Vitek 2 ID-GNB identi�cation card (bioMérieux Inc., Durham, NC, USA).
Antimicrobial susceptibility of Vibrio vulni�cus and Aeromonas species was performed by the hospital
microbiology laboratory via the standard disk diffusion technique. These antimicrobial susceptibility
tests were performed as recommended by the Clinical and Laboratory Standards Institute (CLSI), and the
results were interpreted according to the CLSI criteria for these microorganisms. When the antimicrobial
susceptibility test of the isolate revealed resistance in more than one antibiotics, the isolate of the patient
was recorded as antibiotic resistance case.

Clinical assessment

The Vibrio vulni�cus group composed of 41 men and 19 women, and the Aeromonas group was
composed of 24 men and 7 women. The patients in the Aeromonas group were divided to the death
subgroup and the survival subgroup. Age, gender, comorbidities, infection site, results of bacteriological
tests, laboratory �ndings at the time of admission, interval between contact and admission, interval
between diagnosis and �rst surgery, length of hospitalization, and clinical outcomes were reviewed for
each patient.To assess clinical outcomes after treatment, mortality was de�ned as death because of
progressive sepsis or medical complications within 6 months after �rst surgery.

Differences in mortality, patient characteristics, clinical presentation, underlying chronic diseases,
infection site, �rst operative procedure, laboratory data and hospital course were compared between the
Vibrio vulni�cus and Aeromonas species groups, and between the death and the survival subgroups of
Aeromonas patients.

Statistical analysis

Statistical analyses were performed with the use of SPSS Version 12.0 statistic software (SPSS, Chicago,
Illinois). We used the Student’s t-test for continuous variables and the Fisher exact test for categorical
variables to examine signi�cant relationships between these factors among the groups. A value of p<0.05
was considered signi�cant.          

Results
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Patient outcomes

Culture �ndings con�rmed that the cause of monomicrobial infection was Vibrio vulni�cus in 60 patients,
Aeromonas hydrophila in 26 patients, and Aeromonas sobria in 5 patients. Seventeen patients died,
resulting in an all-cause in-hospital mortality rate of 18.7%: six in the Vibrio vulni�cus group (10%), and
eleven in the Aeromonas group (32.3%). The Aeromonas group had a signi�cant higher mortality rate
than the Vibrio vulni�cus group (p = 0.005) (Table 1).

Patient characteristics in the Vibrio vulni�cus group

The mean age of the Vibrio vulni�cus group was 70.8 years (range, 34 to 95 years). There were 46
patients had reported contacting seawater or handling �sh and raw seafood, four patients had injuried in
the farm while working, two had acquired abrasion wounds, and 8 patients did not recall any injuries. Six
patients died (a mean of 18.5 days after admission), resulting in an all-cause in-hospital mortality rate of
10%.

The estimated period from exposure or injury to presentation at the emergency room ranged from one to
three days (mean, 1.72 days) prior to admission. The mean time-interval from treatment in the emergency
room to the �rst operation was 5.03 hours. Thirty-one patients had upper limb skin lesions and 29 had
lower limb skin lesions. All patients initially underwent fasciotomy and debridement initially. One patient
underwent above-the-knee amputation after a few days due to progressive skin involvement following
fasciotomy, and died on the 33th day. Thirty patients received skin grafts, and two patients received �ap
reconstruction. Twenty-three patients underwent repeated debridement with wound care after initial
fasciotomy, and three of them died due to uncontrolled sepsis. Four patients did not undergo any surgery
following fasciotomy, and two of them died.

Eleven patients had a history of hepatic dysfunction alone, such as liver cirrhosis, hepatitis B or C, or
alcoholic liver disease, and two patients died. Twenty-one patients had hepatic dysfunction with other
medical comorbidity, such as diabetes mellitus, chronic kidney disease, cancer, steroid usage, or gout, and
three patients died. Four patients with a history of heart disease, such as heart valve insu�ciency,
hypertension, coronary heart disease, and one patient died. Twenty-two patients had a body temperature
of >38.5oC. Twenty-two patients (36.7%) were hypotensive with a systolic blood pressure of ≤ 90 mmHg.
The mean hospital stay for patients with Vibrio vulni�cus infection was 38.2 days (range, 2 - 67 days).

All Vibrio vulni�cus isolates were susceptible to ceftazidime, ceftriaxone, levo�oxacin, and tetracycline.
Vibrio vulni�cus specimens were obtained from wounds in 16 cases, from the blood in 18 patients, and
from both blood and wounds in 26 patients.

Patient characteristics in the Aeromonas group

.The Aeromonas group had a mean age of 61.5 years (range, 15 - 85 years). Nine of the Aeromonas
hydrophila patients, and two of the Aeromonas sobria patients died. Nine patients had contact with
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seawater or seafood, six patients acquired abrasion wounds while working, and two had previous chronic
ulcers of toes. One patient had contact with dirty water in a drain, one had received an injury while
working with bamboo on a farm, and twelve did not recall any injuries. Eleven patients died a mean of
11.2 days after admission, and the all-cause in-hospital mortality rate was 32.3%.

The interval from symptoms to presentation at the ER ranged from 1 to 4 days (mean, 1.77 days). The
mean time interval between treatment in the emergency room and the �rst operation was 4.13 hours. One
patient had hepatitis C, diabetes mellitus, chronic kidney insu�ciency, and heart failure. Ten patients had
both hepatic dysfunction and diabetes mellitus Thirteen patients had the history of hepatic dysfunction
with or without other comobidity. Three patients had diabetes mellitus with other medical conditions.
Four patients had lesions in upper extremity and 26 patients had lesions in lower extremity. One patient
had skin lesions on both upper and lower extremities. Thirty patients initially underwent fasciotomy with
debridement, and one patient underwent an immediate above-the-knee amputation due to progressive
uncontrolled initial sepsis. Eleven patients received skin grafts, and two patients received �ap
reconstruction. Seven patients underwent repeated debridement with wound care after initial fasciotomy,
and two of them died. Nine patients did not perform any secondy surgery, and eight of them died due to
uncontrolled sepsis. Ninteen patients (61.3%) had systolic blood pressure of ≤90 mm Hg at presentation
to the emergency room, and ten patients died. The mean duration of hospital stay for the Aeromonas
patients was 30.6 days (range, 2 to 90 days).

Aeromonas specimens were obtained from wounds in 16 cases, from the blood in 2 patients, and from
both blood and wounds in 13 patients. The isolates of eleven Aeromonas patients were susceptible to
amikacin, ceftazidime, ceftriaxone, cefuroxime, cipro�oxacin, ertapenum, gentamicin, and tetracycline.
Twenty Aeromonas isolates, including 16 of Aeromonas hydrophila and 4 of Aeromonas sobria, were
resistant to either ertapenum, ceftazidime, ceftriaxone, cefuroxime, cipro�oxacin, imipenem or ampicillin.
Six patients of Aeromonas hydrophila and two of Aeromonas sobria who revealed antibiotics resistance
died.

 

Comparison of Vibrio vulni�cus and Aeromonas groups

      Age, sex, fever, length of hospital stay, interval between contact and admission, interval between
diagnosis and the �rst surgery, total white blood cell counts, banded leukocyte cells, and segmented
forms of leukocytes did not differ signi�cantly between the two groups. However, we found that patients
with Aeromonas infection had a signi�cantly higher incidence of ICU admission, shock status, lower
platelet counts, and lower albumin level than patients with Vibrio vulni�cus infection in the emergency
room (Table 1 & 2).

Vibrio vulni�cus patients had a signi�cant higher incidence of bacteremia (p = 0.02). However, the
proportion of Aeromonas patients presenting bacteremia associated with death was signi�cantly higher
than that of Vibrio vulni�cus group (p = 0.0002). Aeromonas isolates had a signi�cant higher incidience
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of antibiotics resistance (p = 0.0001). Meanwhile, the Aeromonas patients who died were observed to
have a signi�cantly higher proportion of antibiotics resistance (p = 0.009), lower lymphocyte counts
(p = 0.013), and lower levels of serum albumin (p = 0.008) compared to the Vibrio patients who died.

 

Comparison of Death subgroup and Survival subgroup of Aeromonas patients

            Age, gender, interval between symptom and admission, interval between diagnosis of necrotizing
fasciitis and �rst surgery, nature of �rst surgery, fever, antibiotics resistance, white blood cell counts, and
segmend forms of leukocyted did not differ signi�cantly between the death and survival subgroups
(Table 3 & 4). The death subgroup had a signi�cantly higher incidence of bacteremia (p = 0.001), higher
counts of banded leukocytes (p = 0.026), lower platelet counts (p = 0.043), lower lymphocyte count of
leukocytes (p = 0.007) and lower levels of serum albumin (p = 0.019) than the survival subgroup of
Aeromonas NF patients.

Discussion
Monomicrobial gram-negative necrotizing fasciitis had been reported to have more fulminant clinical
cources and higher motality than gram-positive necrotizing fasciitis in the past decade (4–11). Vibrio
vulni�cus, Aeromonas hydrophila, and Klebsiella pneumoniae were the most frequently reported gram-
negative aerobic pathogens of necrotizing fasciitis in southwest Taiwan (4, 8, 10–21).

Our previous study revealed the patients with Vibrio vulni�cus necrotizing fasciitis had higher mortality
rate than those with Aeromonas necrotizing fasciitis (13). The patients with Vibrio vulni�cus necrotizing
fasciitis can be early identi�ed due to the contact history with seawater or raw seafood when arriving
emergency department. However, Aeromonas spp. often thrive in fresh or brackish water, sewage, soil, tap
water and non-fecal organic materials, and the clinical signs and symptoms of necrotizing fasciitis are
characteristically indistinguishable from Vibrio vulni�cus infection at the time of presentation (13–19, 22,
23). Although we have set up a treatment algorithm for necrotizing fasciitis including early recognition,
time interval of less than 6 hours from treatment in the emergency room to the �rst emergency
fasciotomy or amputation, a third-generation cephalosporin plus tetracycline or gentamicin antibiotic
therapy, and intensive unit care, we found monomicrobial Aeromonas necrotizing fasciitis had higher
mortality than Vibrio vulni�cus infection (32.3% vs. 10%; p = 0.005) in this study. As compared with those
risk factors of mortality between two groups, the death patients of Aeromonas group have a signi�cantly
higher proportion of antibiotics resistance and bacteremia, higher incidence of shock, lower lymphocyte
counts, and lower albumin levels than the Vibrio patients who died.

Monomicrobial necrotizing fasciitis and bacteremia caused by Vibrio vulni�cus, Aeromonas hydrophila
and Aeromonas sobria often occurs in patients with liver cirrhosis, hepatitis, alcoholic liver disease and
diabetic mellitus (4, 7–19, 22, 23). Vibrio vulni�cus can produce V. vulni�cus hemolysin/cytolysin (VVH),
V. vulni�cus serine protease (VvsA) and V. vulni�cus protease (VVP). VVH contributes to bacterial



Page 8/19

invasion from the intestine to the blood stream and plays a signi�cant role in development of
hypotensive septic shock. VVP and VvsA are sigini�cantly produced in the interstitial tissues of limbs,
and cause serious collagenolytic, hemorrhagic or edematous skin damage in the extremities through
digestion of the vascular basement membrane and vasodilatation (24, 25). Aeromonas hydrophila and
Aeromonas sobria can produce hemolysin, cytolytic enterotoxin, endotoxin, protease, lipases, and four
types of secretory systems (types II, III, IV and VI), which are associated with extensive muscular necrosis,
gastrointestinal tract infection and septicemia (12, 22, 23, 25, 26). In particular, those virulance factors of
Vibrio vulni�cus and Aeromonas species were commonly reported to impair the phagocytic activity of the
reticuloendothelial system, and to result in bacterial translocation and bacteremia in patients with hepatic
decompensation (22–28). We observed that 56 patients (56/91, 61.5%) were associated with hepatic
dysfunction, and 14 patients (14/56, 25%) died. Hence we should pay more attention and treat those
Vibrio or Aeromonas NF patients with hepatitis and liver cirrhosis aggressively.

Although Vibrio vulni�cus isolates were recorded susceptible to ampicillin, amikacin, ceftazidime,
ceftriaxone, cefuroxime, cipro�oxacin, gentamicin, imipenem, piperacillin, and sufamethoxazole-
trimethoprim by clinical microbiology laboratory, many countries demonstrated a small porportion of
clinical isolates resistance to penicillin, ampicillin, amoxicillin, streptomycin, cephalexin and erythromycin
(29, 30). In a study by Trinh et al., the survival rate was signi�cantly higher with ceftriaxone-doxycycline
(91%), ceftriaxone-cipro�oxacin (100%), cefepime-doxycycline (96%), and cefepime-cipro�oxacin (90%)
combination therapy for Vibrio vulni�cus septicemia (31). But otherwise recent literatures indicated that
Aeromonas spp. increased the resistant abilities to aminoglycosides, carbapenems, and third–generation
cephalosporins (23, 32–35). Rhee et al. reported that clinical Aeromonas isolates presented high
antibiotics resistance rates of 15.5% for ceftriaxone and 15.5% for piperacillin/tazobactam (36). Our
study demonstrated that Vibrio vulni�cus NF patients (44/60, 73.3%) presented a signi�cant higher
proportion of bacteremia than the Aeromonas NF patients (15/31, 48.4%). However, the mortality rates of
Aeromonas patients with bacteremia (10/15, 66.7%) was signi�cantly higher than those of Vibrio
vulni�cus group (6/44, 13.6%). In the meanwhile, we found that the blood or wound samples of 20
Aeromonas NF patients showed antibiotics resistance to either ertapenum, ceftazidime, ceftriaxone,
cefuroxime, cipro�oxacin, imipenem or ampicillin, and eight of them died. We concluded that our
empirical antimicrobial administration of ceftriaxone combined with doxycycline or other antibiotics were
adequate and effective for Vibrio vulni�cus infection, but were ineffective against Aeromonas isolates
due to their higher resistance rates. Thus, application of the effective antimicrobial agents against
Aeromonas spp. under the supervision of infectious doctors may improve the outcomes of Aeromonas
NF patients.

Admission serum albumin levels and total lymphocyte counts (TLC) were used as the markers of
nutritional status (37, 38). A serum albumin level < 3.5 g/dL and the TLC < 1500 cells/mm3 are de�nited
as protein energy malnutrition (PEM), and the TLC < 900 cell/mm3 is related to severe malnutrition (37–
39). Hypoalbuminemia and low TLC were commonly associated with increased rates of wound healing
problems and surgical site infections in total joint arthroplasty, and presented a signi�cantly higher in-
hospital mortality in NF patients and cirrhotic patients (4, 13, 19, 38–43). Our previous studies had
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demostrated the serum albumin level of ≤ 2.5 g/dL was signi�cantly associated with mortality of NF
patients (4, 11, 13, 19). In the present study, both Vibrio and Aeromonas NF patients showed the mean
total lymphocyte counts < 1000 cell/mm3 and correlated with malnutrition, but the Aeromonas patients
with the albumin level of 2.59 g/dL and TLC of 754.91 cells/mm3 revealed much severer malnutrition
status than Vibrio NF patients. We also observed that Aeromonas patients who died had signi�cantly
lower levels of serum albumin and lower lymphocyte counts compared to the Vibrio patients who died.
On the other hand, those Aeromonas necrotizing fasciitis patients had a signi�cantly higher incidence of
ICU admission, systolic blood pressure < 90 mmHg at ER, and lower platelet counts than Vibrio vulni�cus
patients, even though the initial clinical courses revealed similarly fulminant in the two groups. Therefore,
the above results indicate that monomicrobial Aeromonas NF patients experienced more fulminant
clinical course and higher mortality rate than those Vibrio NF patients.

As compared with the survival subgroup of Aeromonas NF patients, the death subgroup had a
signi�cantly higher incidence of bacteremia (10/11), higher banded leukocytes forms, lower platelet
counts, lower lymphocyte count of leukocytes, and lower levels of serum albumin. Many literatures had
con�rmed monomicrobial Aeromonas bacteremia were associated with high mortality rates (22, 23, 32,
34, 36). The reasons contributing to mortality are the virulance factors of Aeromonas spp. not only can
cause severe skin necrosis, but also impair phagocytosis and suppress host immune system through
bloodstream invasion, especially in patients with severe malnutrition.

There are several limitations to our study. First, the number of monomicrobial Aeromonas cases is
smaller than Vibrio cases because of its rarity in the long study period. We had excluded 25 polymicrobial
patients who survived for precise identi�cation of risk factors in monomicrobial Aeromonas NF patients.
The second limitation of our study was that we did not measure whether these patients had the history of
malnutrition before necrotizing fasciitis occurred. PEM is a common cause of secondary immune
de�ciency and susceptibility to major human infection which were often assiciated with underlying
chronic illness (43, 44). There were 69 patients (75.8%) with hepatic dysfunction and/or diabetes mellitus
revealed PEM in our study, and nutrition support should be aggressive administration in NF patients
initially.

Conclusions
Monomicrobial necrotizing fasciitis caused by Aeromonas hydrophila and Aeromonas sobria was
characterized more fulminating and higher mortality than that of the Vibrio vulni�cus infection even after
early fasciotomy and empiric third-generation cephalosporin antibiotic therapy. High mortality rates were
signi�cantly related to those NF patients with hepatic decompensation and malnutrition. The death
patients of Aeromonas group have a signi�cantly higher proportion of antibiotics resistance and
bacteremia, higher incidence of shock, lower lymphocyte counts, and lower albumin levels than the Vibrio
patients who died. Our study strengthens that early identi�cation those risk factors and surgical
intervention for those patients with Aeromonas and Vibrio NF may improve the survival rates.
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Table 1. Comparison Between Vibrio vulnificus Group and Aeromonas Group for 

Charcteristics at First Consultation and Treatment

      Vibrio vulnificus Aeromonas  

Variable  Group (N=60) Group (N=31) P value

Age (years) Mean 70.8 61.5 0.2

Sex       0.26

  Male   41 24  

  Female   19 7  

Mortality rate (%)   10 32.3 0.005*

  Death   6 11  

  Survivals   54 20  

Timing From Contact to Mean 1.72 ±0.38 1.77 ±0.51 0.34

   Presentation at ER (days)        

Timing From First Consultation Mean 5.03 ±3.28 4.13 ±3.55 0.23

  to First Operation (hours)        

First Operation         

Fasciotomy (death)   60 (6) 30 (10)  

Amputation (death)   0 (0) 1 (1)  

Final Operation         

Amputation (death)   1 (1) 2 (1)  

Split-thickness skin graft (death)   30 (0) 11 (0)  

Flap (death)   2 (0) 2 (0)  

Debridement (death)   23 (3) 7 (2)  

Without secondary operation (death)   4 (2) 9 (8)  

Underlying Chronic disease (death)        

  Hepatic dysfunction and DM    6 (0) 10 (2)  

  Hepatic dysfunction and DM with others   5 (1) 1 (0)  

  Hepatic dysfunction alone   11 (2) 7 (3)  

  Hepatic dysfunction with others   10 (2) 6 (4)  

  Diabetes Mellitus alone   7 (0) 0 (0)  

  Diabetes mellitus with others   3 (0) 3 (1)  

  Steroid intake   3 (0) 1 (1)  

  Gout with/without others   6 (0) 1 (0)  

  Heart disease   4 (1) 1 (0)  

  None   5 (0) 1 (0)  

Wound location        

  Upper extremity (death)   31 (2) 4 (0)  

  Lower extremity (death)   29 (4) 26 (11)  

  Upper & lower extremity (death)   0 (0) 1 (0)  

ICU admission   36 26 0.03*

Hospital days Mean 38.02 ±18.12 30.61±24.35 0.1 

* mean p < 0.05 and the difference was significant
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Table 2. Comparison Between the Vibrio vulnificus Group and Aeromona Group for Clinical

 Findings and Laboratory data at First Consultation in the ER

  Vibrio vulnificus Group  (N=60) Aeromona Group (N=31) P value

Shock at first consultation   22 19 0.03*

Deaths   3 10 0.02*

Survivals   19 9  

Fever at first consultation   22 10 0.81

Deaths   3 2  

Survivals   19 8  

Positive culture        

Wound    16 16  

Blood   18 2  

Wound and Blood   26 13  

Presentation of bacteremia   44 15 0.02*

Deaths with bacteremia   6 10 0.0002*

Antibiotic resistance cases   0   20  0.0001*

Deaths with antibiotics resistant   0  8 0.009*

Deaths without antibiotics resistant   6 3  

White Blood Cell Count (cells/mm3) Mean 14495.0 ± 9502.3 12309.7± 9478.9 0.3

Deaths   7616.7 ± 4952.7 9454.6 ± 7165.5 0.58

Survivals   15259.3 ± 9604.7 13880.0 ± 10369.6 0.59

Band Forms(%) Mean 7.41 ± 7.99 11.15 ± 9.65 0.052

Deaths   11.5 ± 9.35 16.27 ± 9.97 0.35

Survivals   6.92 ± 7.82 8.33 ± 8.43 0.5

Segmented Forms (%) Mean 78.8 ± 13.1 74.6 ± 11.3 0.13

Deaths   66.8 ± 11.7 69.8 ± 13.7 0.66

Survivals   80.1 ± 12.6 77.3 ± 9.0 0.35

Lymphocyte count (cells/mm3) Mean 984.01 ± 630.18 754.91 ± 720.81 0.12

Deaths   780.33 ± 510.50 302.86 ± 194.38 0.013*

Survivals   1006.65 ± 642.19 1003.54 ± 785.56 0.98

Platelet Count (per mm3) Mean 146550 ± 60446 104000 ± 69037 0.003*

Deaths   91333 ± 30878 70454 ± 49092 0.36

Survivals   152685 ± 59949 122450 ± 72437 0.07

Albumin (g/dL) Mean 3.52 ± 0.52 2.59 ± 0.76 0.001*

Deaths   3.03 ± 0.53 2.16 ± 0.58 0.008*

Survivals   3.57 ± 0.50 2.82 ± 0.76 0.001* 

Shock at first consultation: Systolic blood pressure ≦90mm Hg; Fever at first consultation: Body temperature ≥38.5℃.

* mean two-tailed P<0.05 and the difference was significant
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Table 3. Comparison Between the Deaths and Survivals of Aeromonas patients for 
Basic Characteristics and Surgical Outcome

Variable Deaths (n = 11) Survivals (n = 20) p Value
Age (mean years) 62.4 62.3 0.99
Gender     0.52
  Male 9 15  
  Female 2 5  
Timing from symtom to  1.91 1.7 0.45
  presentation in ER (mean days)      
Timing from diagnosis at ER to 

first operation (mean hours) 4.36 4 0.79
Underlying chronic disease      
  Hepatic dysfunction & DM 2 8  
  Hepatic dysfunction & DM with CKD 0 1  
  Hepatic dysfunction alone 3 4  
  Hepatic dysfunction with others 4 2  
  Diabetes mellitus with others 1 2  
  Steroid intake 1 0  
  Gout 0 1  
  Heart disease 0 1  
  None 0 1  
Wound location      
  Upper extremity 0 4  
  Lower extremity 11 15  
  Upper and lower extremities 0 1  
First operation     0.355
  Fasciotomy 10 20  
  Amputation 1 0  
Final operation      
  Amputation 1 1  
  Split-thickness skin graft 0 11  
  Flap 0 2  
  Debridement  2 5  
  Without secondary operation 8 1  
Systolic blood pressure (mm Hg)     0.014*
  ≦ 90 10 9  
  > 90 1 11  
Body temperature (℃)      0.202
  >38.5 2 8  
  <38.5 9 12  
Hospital days (mean) 11.2 41.3 0.0003*

* mean p < 0.05 and the difference was significant
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Table 4. Comparison Between the Deaths and Survivals of Aeromonas NF patients for Bacteriological Findings and Laboratory data at First
Consultation in the ER

   Deaths (N=11) Survivals (N=20) P value

Pathogen        

  Aeromonas hydrophilia   9 17  

  Aeromonas sobria   2 3  

Positive culture        

  Wound    1 15  

  Blood   0 2  

  Wound and Blood   10 3  

Presentation of bacteremia   10 5 0.001*

Antibiotic resistance cases        

With antibiotics resistant    8 12 0.69

Without antibiotics resistant    3 8  

White Blood Cell Mean 9454.6 ± 7165.5 13880.0 ± 10369.6 0.22

 Count (cells/mm3)        

Band Forms(%) Mean 16.27 ± 9.97 8.33 ± 8.43 0.026*

Segmented Forms (%) Mean 69.8 ± 13.7 77.3 ± 9 0.078

Lymphocyte count (cells/mm3) Mean 302.86 ± 194.38 1003.54 ± 785.56 0.007*

Platelet Counts (per mm3) Mean 70454 ± 49092 122450 ± 72437 0.043*

Albumin (g/dL) Mean 2.16 ± 0.58 2.82 ± 0.76 0.019*

  ≦2   5 2 0.037*

 >2  6 18  

        

* mean P<0.05 and the difference was significant
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Figure 2

A 78-year-old male with a history of hepatitis C and liver cirrhosis had left leg pain and swelling for 2 days
with unknown causes. (A)(B) Preoperative photographs of left lower leg revealed severe patchy purpura
and edema in the emergency room. (C)(D) After emergency fasciotomy, the blood and wound cultures
con�rmed the presence of Aeromonas sobria. He had received skin graft on the 59th day after fasciotomy
and discharged on 70th day.


