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Abstract
Background

For complicated skin and soft tissue infections (cSSTIs), inappropriate initial anti-infective treatment
often leads to treatment failure. The microbial distribution in patients with extremities’ cSSTIs has been
rarely reported. Moreover, whether gram-negative bacteria (GNB) should be covered in addition to gram-
positive bacteria (GPB) has been always a di�cult issue in the treatment of cSSTIs.

Methods

We retrospectively analyzed the microbial distribution and antibiotic susceptibility in 149 hospitalized
patients with extremities’ SSTIs, and discussed the risk factors of extremities’ cSSTIs caused by GNB.

Results

188 strains of pathogens were isolated, including 113 strains of GPB (64.9%), 61 strains of GNB (32.4%),
and 5 strains of fungi (2.7%). Diabetes mellitus (OR=3.606, P =0.034), SSTI severity [moderate infection
(OR=19.499, P <0.0001), severe infection (OR=20.114, P <0.0001)], and necrotizing infection (OR=6.064, P
<0.0001) were risk factors of extremities’ cSSTIs caused by GNB. For patients with risk factors,
ceftazidime, cefepime, piperacillin/tazobactam and carbapenems could be empirical anti-infective
agents.

Conclusions

The results of our study showed that the most common bacteria identi�ed in cSSTIs of the extremities
were GPB. For patients with risk factors of extremities’ cSSTIs caused by GNB, the coverage of GNB
should be taken into account.

Background
Skin and soft tissue infections of the extremities commonly cause annual visits and total hospital
admissions [1]. Most of these infections are super�cial and can easily be treated with antibiotics or
drainage of abscess alone through surgical incision. In contrast, complicated skin and soft tissue
infections (cSSTIs) are a signi�cant clinical problem. Complicated skin and soft tissue infections usually
progress rapidly and sometimes lead to serious life-threatening local or systemic complications [2]. In this
case, early diagnosis, appropriate surgical intervention, and broad-spectrum antimicrobial coverage are
critical to treatment. It is generally known that most of super�cial SSTIs are caused by gram-positive
bacteria (GPB), mainly streptococci and S. aureus [3]. However, for cSSTIs, whether empiric antimicrobial
treatment should be active against gram-negative bacteria (GNB) besides GPB is always a di�cult issue.
Moreover, the microbial distribution in patients with extremities’ cSSTIs has been rarely reported. Herein,
we report the microbial distribution and antibiotic susceptibility in patients with extremities’ cSSTIs in
north-eastern China, and discuss the risk factors of extremities’ cSSTIs caused by GNB.
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Material And Methods

Study design and patients
This was a retrospective observational study that was performed using electronic medical record data
from patients who were hospitalized at the First Hospital of Jilin University, which is a large tertiary grade
A hospital in north-eastern China. The protocol was reviewed and approved by the ethical committee of
the hospital. Due to the retrospective nature of the study, informed consent was waived.

A total of 149 patients who were hospitalized from January 2014 to December 2018 at the First Hospital
of Jilin University were included in this retrospective analysis. The inclusion criteria included: i) Meeting
the diagnostic criteria of cSSTIs de�ned by the US Food and Drug Administration [4]; ii) having infection
location in the extremities; iii) con�rmation of bacterial infection by tissue or pus culture of specimen. The
exclusion criteria included: i) Negative results of tissue or pus culture of specimen, and ii) incomplete
clinical data. We used IDSA guidelines [5] to classify the severity of SSTIs: mild, moderate, or severe. Non-
necrotizing infections included erysipelas, impetigo, folliculitis, simple abscess, and complex abscess
which may be treated by antibiotics or drainage alone, and necrotizing infections included cellulitis,
fasciitis, myositis, and Fournier’s gangrene which may require surgical intervention in addition to
antibiotic therapy [3].

Species identi�cation and antibiotic sensitivity
All isolate susceptibility tests and identi�cation con�rmations were carried out by the Clinical and
Laboratory Standards Institute (CLSI) recommended broth microdilution method. Minimum inhibitory
concentrations (MICs) interpretive criteria followed the 2019 M100-S29 guidelines of the CLSI. Species
identi�cation was performed using the VITEK 2 system (BioMe´rieux) in microbiological laboratory of the
First Hospital of Jilin University. Susceptibility to antimicrobial agents interpretations were based on
clinical CLSI breakpoints, while the reference strains Staphylococcus aureus ATCC 29213, Pseudomonas
aeruginosa ATCC 27853, Escherichia coli ATCC 25922, Klebsiella pneumoniae ATCC 700603, and
Candida albicans ATCC 10231 were used as quality controls. Isolates of the same species from the same
patient collected during the same in-patient stay were considered duplicate isolates, and only the �rst
isolate was included from the analysis.

Data analysis
Statistical analysis was performed using SPSS version 18.0 software (SPSS, Chicago, IL, USA).
Continuous variables with normal distribution were represented as the mean ± standard deviation.
Categorical variables were represented as frequency (percentage), which were analyzed using Chi-
squared test. To discuss the risk factors, odds ratios (ORs) and 95% con�dence intervals (CIs) were
calculated using multivariable logistic regression. P values  0.05 were considered to be statistically
signi�cant.

Results
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Patient information
We analyzed the demographic and clinical characteristics of 149 patients, including gender, age, diabetes
mellitus (or not), infection location, SSTI severity and necrotizing infections (or not). The results are listed
in Table 1.

Table 1

Patient demographics and clinical characteristics.

Characteristics Variables Values (n (%))

Gender Male 103 (69.1)

Female 46 (30.9)

Age < 1 years 7 (4.7)

1–30 years 22 (14.8)

31–65 years 104 (69.8)

> 65 years 16 (10.7)

Diabetes mellitus Yes 68 (40.5)

No 81 (59.5)

Infection location Upper extremity 34 (22.8)

Lower extremity 115 (77.2)

SSTI severity Mild 63(42.3)

Moderate 52(34.9)

Severe 34(22.8)

Necrotizing infections Yes 26(17.4)

No 123(82.6)

Microbial distribution
188 strains of microbes were isolated from tissue or pus culture of specimens in 149 patients, including
122 strains of GPB (64.9%), 61 strains of GNB (32.4%), and 5 strains of fungi (2.7%). S. aureus showed an
overall prevalence of 34.0% (n = 64) and was the most frequently detected bacterium. Streptococcus spp.,
Escherichia coli and Klebsiella spp. were found in 16.0% (n = 30), 8.5% (n = 16), and 8.5% (n = 16) of
patients, respectively. Further details on the microbial distribution are presented in Table 2.

Table 2
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The distribution of 188 strains of microbes.
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Microbes N %

GPB 122 64.9

Staphylococcus aureus 64 34.0

Streptococcus spp. 30 16.0

Enterococcus faecalis 8 4.3

Enterococcus faecium 6 3.2

Stagphylococcus epidermidis 4 2.1

Staphylococcus lentus 3 1.6

Corynebacterium 2 1.1

Micrococcus roseum 1 0.5

Staphylococcus chromogenes 1 0.5

Staphylococcus haemolyticus 1 0.5

Enterococcus avium 1 0.5

Enterococcus gallinarum 1 0.5

GNB 61 32.4

Escherichia coli 16 8.5

Klebsiella spp. 16 8.5

Pseudomonas aeruginosa 7 3.7

Enterobacter cloacae 6 3.2

Prpteus spp. 6 3.2

Citrobacter freundii 3 1.6

Morganella morganii 2 1.1

Aeromonas sobria 1 0.5

Acinetobacter baumannii 1 0.5

Stenotrophomonas maltophilia 1 0.5

Salmonella 1 0.5

Francisella tularensis 1 0.5

Fungus 5 2.7

Saccharomyces albicans 4 2.1
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Microbes N %

Candida glabrata 1 0.5

Total 188 100

Antibiotic susceptibility test
Detailed antibiotic susceptibility patterns of the most frequently detected GPB and GNB strains are
summarized in Table 3. Most S. aureus isolates were resistant to benzylpenicillin (92.2%) and
erythromycin (81.9%). In contrast, most isolates were susceptible to tetracycline (84.4%), rifampicin
(100%), aminoglycosides (87.5%), �uoroquinolones (cipro�oxacin (87.5%), levo�oxacin (93.8%)),
vancomycin (98.4%), linezolid (100%), and tigecycline (100%), with only 1 case of vancomycin-resistant S.
aureus. Most Streptococcus spp. strains were susceptible to vancomycin (100%), linezolid (100%),
benzylpenicillin (93.3%), ceftriaxone (90%), cefepime (90%), and levo�oxacin (80%), and showed poor
susceptible to erythromycin (10%), gentamicin (20%), and tetracycline (36.7%). The susceptibilities of
Enterococcus faecium and Enterococcus faecalis to vancomycin, linezolid, and tigecycline were all 100%.
Enterococcus faecalis were susceptible to benzylpenicillin (100%) and ampicillin (100%), followed by
gentamicin (62.5%), levo�oxacin (50.0%), cipro�oxacin (37.5%) and tetracycline (37.5%), and showed
totally resistant to erythromycin. In contrast, Enterococcus faecium showed poorer susceptible to
benzylpenicillin (33.30%), ampicillin (50%), gentamicin (50%) and tetracycline (16.7%). Escherichia coli
and Klebsiella spp., the predominant Enterobacteriaceae, showed widespread resistance to ampicillin
(93.7% and 71.2%, respectively), followed by cipro�oxacin (75% and 56.2%, respectively), cefuroxime
(68.7% and 75%, respectively) and trimethoprim/sulfamethoxazole (68.7% and 56.2%, respectively). In
contrast, piperacillin/tazobactam and carbapenms were all active against Escherichia coli and Klebsiella
spp. isolates. No amikacin resistance was observed in the Klebsiella spp. isolates, whereas Escherichia
coli showed slightly poorer susceptible to amikacin (87.5%). All P. aeruginosa isolates were susceptible to
amikacin, followed by carbapenms (85.7%), �uoroquinolones (85.7%), ceftazidime (85.7%), and cefepime
(71.4%).

Table 3

The antibiotic susceptible patterns of most frequently detected GPB and GNB strains.
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Four most frequently detected GPB strains

Antibiotics S.
aureus

(n = 
64)

Streptococcus
spp.

(n = 30)

Enterococcus
faecium

(n = 6)

Enterococcus
faecalis

(n = 8)

Benzylpenicillin (%) 7.8 93.3 33.3 100.0

Ampicillin (%) — — 50.0 100.0

Oxacillin (%) 92.2 — — —

Ceftriaxone (%) — 93.3 — —

Cefotaxime (%) — 90.0 — —

Cefepime (%) — 90.0 — —

Erythrocin (%) 18.8 10.0 16.7 0.0

Tetracycline (%) 84.4 36.7 16.7 37.5

Cipro�oxacin (%) 87.5 — 33.3 37.5

Levo�oxacin (%) 93.8 80.0 50.0 50.0

Gentamycin (%) 87.5 20.0 50.0 62.5

Rifampicin (%) 100.0 — — —

Trimethoprim/Sulfamethoxazole
(%)

75.0 — — —

Linezolid (%) 100.0 100.0 100.0 100.0

Vancomycin (%) 98.4 100.0 100.0 100.0

Tigecycline (%) 100.0 — 100.0 100.0

Three most frequently detected GNB strains

Antibiotics Escherichia
coli

(n = 16)

Klebsiella spp.

(n = 16)

P. aeruginosa

(n = 7)

Ampicillin (%) 6.3 18.8 0.0

Cefuroxime (%) 31.3 25.0 0.0

Ceftriaxone (%) 43.8 37.5 0.0

Ceftazidime (%) 62.5 93.8 85.7

Cefepime (%) 62.5 93.8 71.4
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Four most frequently detected GPB strains

Aztreonam (%) 50.0 62.5 —

Cipro�oxacin (%) 25.0 43.8 85.7

Levo�oxacin (%) 31.3 50.0 85.7

Trimethoprim/Sulfamethoxazole (%) 31.3 43.8 0.0

Amikacin (%) 87.5 100.0 100.0

Piperacillin/Tazobactam (%) 100.0 100.0 57.1

Imipenem (%) 100.0 100.0 85.7

Meropenem (%) 100.0 100.0 85.7

Chi-squared test and risk factor analysis
Table 4 lists the differences in clinical characteristics between two groups of patients using the Chi-
squared test, and the results of multivariable logistic analyses on risk factors of extremities’ cSSTIs
caused by GNB. Two groups of patients differed signi�cantly in clinical characteristics: age, SSTI severity,
necrotizing infection (or not), diabetes mellitus (or not), and infection location (p < 0.05 for each). In the
multivariable logistic regression, diabetes mellitus (OR = 3.606, P = 0.034), SSTI severity [moderate
infection (OR = 19.499, P < 0.0001), severe infection (OR = 20.114, P < 0.0001)], and necrotizing infection
(OR = 6.064, P < 0.0001) were risk factors of extremities' cSSTIs caused by GNB.

Table 4

Chi-squared test and analyses on risk factors of extremities’ cSSTIs caused by GNB.
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Characteristics Number of patients(n%) Multivariable logistic
regression analysis

GNB
infection

Non-GNB
infection

Statics/p OR 95%Cl p  

Gender Male 32
(31.1)

71 (68.9) χ2 = 0.20 1.959 0.649–
5.912

0.233

Female 16
(34.8)

30 (65.2) P = 0.654

Age   48
(32.2)

101
(67.8)

Z = -3.49

P < 0.001

1.019 0.987–
1.053

0.244

Diabetes
mellitus

Yes 33
(48.5)

35 (51.5) χ2 = 
15.25

P < 
0.0001

3.606 1.101–
11.811

0.034

No 15
(18.5)

66 (81.5)

Infection
location

Upper
extremity

3 (8.8) 31 (91.2) χ2 = 
11.04

1.236 0.227–
6.749

0.806

Lower
extremity

45
(39.1)

70 (60.9) P = 0.001

SSTI
severity

Mild 3 (4.8) 60 (95.2) χ2 = 
37.68

P < 
0.0001

1 Reference  

Moderate 16
(30.8)

36 (69.2) 19.499 4.605–
82.561

< 
0.0001

Severe 18
(52.9)

16 (47.1) 20.114 4.402–
91.917

< 
0.0001

Necrotizing
infections

Yes 22
(84.6)

4 (15.4) χ2 = 
39.60

P < 
0.0001

6.064 2.193–
16.768

< 
0.0001

No 26
(21.1)

97 (78.9)

Discussion
It is generally known that most of super�cial SSTIs are caused by GPB, mainly streptococci and S. aureus
[3]. Similarly, the majority of the pathogens leading to cSSTIs are GPB [6], among which MRSA has
gained more attention in recent years [7]. When encountering patients with cSSTIs, clinicians are more
aware of the need to choose antimicrobial drugs active against MRSA [8]. Our retrospective study
con�rmed that the most common bacteria identi�ed in cSSTIs of the extremities were GPB (including
S.aureus (34%) and Streptococci spp. (16%)), similar with the previous European studies [9, 10]. But
another Chinese study [11] reported that Escherichia coli was the most commonly found bacterium in
cSSTIs. That Chinese study did not speci�cally classify the infection location which may include anal or
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perianal infections, and that perhaps increased the proportion of GNB strains. In the contrast, our study
focused on the infections of extremities, and thus GPB occupied the majority. Somewhat surprisingly, in
our 64 strains of S. aureus isolates, only 5 (7.8%) strains were MRSA. This result appeared low and was at
odds with other published studies reporting ranges from 20.2% in Europe to 74.8% in the USA [6, 9], which
suggested that cSSTIs caused by MRSA in north-eastern Chinese hospitals was not as common as in
European or USA hospitals. From our study, empirical antibiotic treatments for most patients with
extremities’ cSSTIs should cover MSSA rather than MRSA, and thus oxacillin, �rst or second-generation
cephalosporins, and levo�oxacin should be options. Although GNB are usually not the main pathogens
leading to cSSTIs, they did play an important role as causative agents in some special cases [12].
Antimicrobial drugs active against MSSA and MRSA sometimes lead to inappropriate initial anti-infective
treatment [2]. From this study, the top three GNB of all the isolates in this study were Escherichia coli,
Klebsiella spp. and P. aeruginosa. For patients with risk factors of extremities’ cSSTIs caused by GNB,
ceftazidime, cefepime, piperacillin/tazobactam could be �rst-line options, and carbapenms (imipenem
and meropenem) could be used for patients with life-threatening infections.

From our study, patients with diabetes mellitus had a higher incidence of GNB infections. Patients with
diabetes mellitus are susceptible to cSSTIs due to hyperglycemia, sensory neuropathy and vascular
damage [13]. For patients with diabetes mellitus, most frequent location is at the foot (diabetic foot
infection), but this location is not unique. Small skin lesions in any anatomic area can develop into severe
infections, generating cellulites, lymphangitis, abscesses or even necrotizing fasciitis when microbial
aggression is increased. The hyperglycaemic state impairs neutrophil chemotaxis and phagocytosis,
leading to weakened antibacterial defence [14]. Thus, patients with diabetes mellitus often have more
complex bacterial colonies and are more likely to have mixed GPB and GNB infections.

In 2014, IDSA updated practice guidelines for the diagnosis and management of skin and soft-tissue
infections [5]. The guidelines divided infections by purulent and non-purulent, severity (mild, moderate,
and severe), and tissue necrosis (necrotizing versus non-necrotizing). Severe infections involve patients
with systemic signs of infection or those with clinical signs of deeper infection. Necrotizing infections
most commonly involve the muscular fascial layers but may also involve the dermal, subcutaneous, and
muscle layers and warrant prompt, aggressive surgical debridement [4]. Because of the rapid progression
of these diseases, most guidelines [3, 5, 15] recommend broad-spectrum antibiotics to cover GPB and
GNB. Our study con�rmed the signi�cance of antibiotic treatment against GNB. The reasons for the
emergence of GNB in patients with severe infections or necrotizing infections were as follows: First, the
patients' immune regulation abilities would reduce with the aggravation of infections or necrotizing
infections [16], and thus colonizing bacteria on the skin surface or at the rupture site may readily turn into
pathogens; Second, for these patients, antibiotics are usually used in the hospital for long term. The
exposure of broad-spectrum antibiotics also promotes the change of bacterial �ora, and increase the
growth of GNB.

There were several limitations of this study. First, this study was limited by its small sample size. Second,
for multidrug-resistant gram-negative bacilli, we did not distinguish the classi�cation of β-lactamase or
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genotypic or molecular data of the strains due to lack of relevant facilities, and thereby could not offer a
detailed analysis on this aspect. Third, there is to date no commonly agreed classi�cation of cSSTIs, or a
score for assessing the severity of cSSTIs, our classi�cation here may contain some subjective factors.

Conclusion
Our study �rstly provided the analysis of the microbial distribution and antibiotic susceptibility in patients
with cSSTIs of the extremities in north-eastern China. And we discussed the risk factors of extremities’
cSSTIs caused by GNB. Although cSSTIs of the extremities were mainly caused by GPB, the coverage of
GNB should be taken into account in some special cases.
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