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ORIGINAL ARTICLE

Antibiotic Susceptibility and Treatment Response 
in Bacterial Skin Infection

Ji Soo Lim, Hyun-sun Park, Soyun Cho, Hyun-Sun Yoon

Department of Dermatology, SMG-SNU Boramae Medical Center, Seoul, Korea

Background: Bacterial skin infections occur secondarily in 
conditions involving a vulnerable skin barrier such as atopic 
eczema, as well as primarily such as impetigo. They are mainly 
caused by Staphylococcus aureus and Streptococci. Recently, 
the prevalence of methicillin-resistant S. aureus has been 
increasing. Objective: To determine the characteristics of 
community-acquired bacterial skin infections, to observe 
their antibiotic susceptibility patterns, and to evaluate factors 
contributing to the treatment response. Methods: We retro-
spectively reviewed outpatients under 30 years old from 
2010 to 2015, from whom we had taken skin swabs for anti-
biotic susceptibility testing. We collected clinical and micro-
biological characteristics from the medical records. Results: 
We evaluated the culture results of 197 patients and re-
viewed their medical records. Overall, 86.3% (n=170) of 
the patients responded to the initial treatment regimen. S. 
aureus was the most commonly isolated pathogen (52.6%) 
and showed a high resistance rate to penicillin (90.9%) and 
oxacillin (36.3%). In the multivariable logistic regression 
analysis, resistance to 3 or more antibiotics (p=0.044), cul-
ture amounts described as “many” (p=0.040), and non-sys-
temic antibiotic use (p＜0.001) were significantly associated 
with lower treatment response. However, methicillin resist-
ance was not associated with lower treatment response both 

in univariable and multivariable analyses. Conclusion: 
Among young patients, S. aureus was the most predominant 
pathogen present in bacterial skin infections. Resistance to 
high numbers of antibiotics and the use of non-systemic anti-
biotics were associated with lower treatment response. 
First-generation cephalosporins may be the most effective 
first-line empirical regimen for bacterial skin infections treat-
ed in outpatient settings, regardless of methicillin resistance. 
(Ann Dermatol 30(2) 186∼191, 2018)
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INTRODUCTION

Skin infections are among the most common disorders 
found in community and hospital environments. These 
can present in a variety of forms, ranging from limited su-
perficial infections that are controlled by treatment with 
topical antibiotics to severe infections of deep tissues that 
can lead to death if the patient is not appropriately treated. 
Staphylococcus aureus and Streptococcus species are the 
most commonly isolated causative organisms of skin in-
fections; thus, treatment is prescribed empirically to cover 
these two pathogens. However, antibiotic resistance has 
been increasing due to frequent use of antibiotics and the 
increased number of nursing facilities. In particular, the 
emergence of methicillin-resistant S. aureus (MRSA) strains 
resistant to beta-lactam antibiotics has become a problem. 
In addition, the proportion of methicillin-resistant coagu-
lase-negative Staphylococci (MRCoNS) has been increasing.
Clindamycin and trimethoprim-sulfamethoxazole (TMP-SMX) 
are recommended for outpatient treatment of skin in-
fections because of their activity against many MRSA 
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strains1,2. It is known that community-acquired MRSA iso-
lated from skin infections are resistant to semi-synthetic 
penicillins such as first-generation cephalosporins, and are 
almost always sensitive to TMP-SMX3.
However, most previous studies on antibiotic therapy in 
skin infections mainly focused on treating skin abscesses1,4 
and cellulitis5. Thus, it is difficult to apply currently recom-
mended antibiotic regimens to other bacterial skin infections.
Bacterial skin infections other than abscesses and cellulitis 
often require antibiotic treatment. In particular, secondary 
infections can develop in atopic dermatitis; these super-
ficial bacterial infections are common and require anti-
biotic treatment6,7. However, the appropriate management 
of superficial bacterial infections and secondary infections 
in eczema is unclear.
In this study, we aimed to investigate the clinical and mi-
crobiological characteristics of patients diagnosed with 
bacterial skin infections. Additionally, we analyzed pre-
dictors of treatment response.

MATERIALS AND METHODS

We retrospectively reviewed the medical records of pa-
tients from whom we obtained bacterial cultures of skin 
lesions, those who visited the Department of Dermatology 
at SMG-SNU Boramae Medical Center from January 2010 
to December 2015. We only included patients younger 
than 30 years old who were evaluated in outpatient clin-
ical settings. Patients diagnosed with epidermal cysts or 
those undergoing surgical excision were excluded. Age, 
sex, body sites of infection, medical histories, prescribed 
medications, and treatment outcomes were obtained from 
the medical records. The study protocol was approved by 
the Institutional Review Board of the SMG-SNU Boramae 
Medical Center (IRB no. 16-2016-48). The requirement of 
informed consent was waived by the Institutional Review 
Board. 
The diagnosis of skin infections was further classified into 
primary and secondary infections. The primary infection 
was defined as a skin infection arising in the normal skin. 
It included impetigo, folliculitis, abscess, furuncle, car-
buncle, cellulitis, and others. Secondary infection was de-
fined as a skin infection that occurred at the site of under-
lying skin diseases, the diagnoses of which were obtained 
from information in the medical record. Underlying skin 
diseases included eczema, trauma, and other infections. 
The patients placed in the responder group showed reso-
lution of infection after the initial treatment and sub-
sequent treatment was thus terminated. Otherwise the pa-
tient was categorized into the non-responder group; in this 
group, there was little improvement after the initial treat-

ment and the treatment had to be changed. 

Bacterial culture and identification

Skin swab cultures (sterile transport swab on Stuart agar gel 
medium, Copan Venturi TransystemⓇ; Copan, Murrieta, 
CA, USA) were performed at suspected sites of skin in-
fection and then inoculated on blood agar plates followed 
by McConkey agar plates. They were subsequently in-
cubated in a carbon dioxide (CO2) incubator set at 35oC 
and 5% CO2 for 1 day (Thermo Scientific Inc., Waltham, 
MA, USA). Gram staining was performed in the presence 
of colonies on inoculated culture medium. Gram-positive 
bacteria were judged to be S. aureus when their catalase 
and coagulase tests were positive, and CoNS was de-
termined according to negative catalase and coagulase 
results. Subsequently, the specimens were inoculated on 
Mueller-Hinton agar and tested for susceptibility to anti-
biotics by disk diffusion method. 
For other species, automation equipment, including VITEK 
2 (bioMerieux Inc., Hazelwood, MO, USA) and MicroScan 
(Beckman Coulter Inc., Brea, CA, USA), was used for mi-
crobial identification and antibiotic susceptibility tests.

Statistical analysis

We used the chi-square test for categorical data and the in-
dependent t-test for continuous data to assess differences 
between the responder and the non-responder groups. 
Microbiological variables (bacterial species, methicillin 
susceptibility, resistance to a number of antibiotics, and 
culture amount) were all included in a multivariable logis-
tic regression model to adjust for confounders. In the case 
of clinical variables (e.g., age, gender, diagnosis, affected 
location, treatment), only variables showing a univariable 
association with treatment response (p＜0.20) were in-
cluded in a multivariable logistic regression model. IBM 
SPSS Statistics ver. 20.0 (IBM Co., Armonk, NY, USA) was 
used for all analyses and p-values of less than 0.05 were 
considered statistically significant. 

RESULTS
General characteristics and clinical aspects of patients

We identified 197 patients (108 males and 89 females) 
who underwent bacterial culture of skin lesions at the out-
patient clinic. The mean age was 13.9±9.8 years. Secondary 
bacterial infection was more prevalent than primary in-
fection in this population: 116 out of 197 patients (58.9%) 
showed bacterial infection from pre-existing skin lesions. 
The most common pre-existing dermatosis was atopic 
eczema. The most frequently involved site was the lower 
limbs (68.5%), followed by the face, upper limbs, and 
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Table 1. Patient demographics and clinical characteristics (n=197)

Variable Patient

Age (yr) 13.9±9.8
Gender
  Male 108 (54.8)
  Female  89 (45.2)
Diagnosis
  Primary infection  81 (41.1)
  Secondary infection 116 (58.9)
Affected area*
  Face 128 (65.0)
  Trunk 100 (50.8)
  Upper extremities 107 (54.3)
  Lower extremities 135 (68.5)
Cultured species†

  Negative  43 (25.9)
Common pathogen
  Staphylococcus aureus 110 (66.3)
  CoNS  26 (15.7)
  Others  30 (18.1)
Antibiotics susceptibility†

  MRSA  40 (24.1)
  MRCoNS  5 (3.0)
Initial treatment
  Systemic 170 (86.3)
  Non-systemic  27 (13.7)
Treatment response
  Response 170 (86.3)
  Non-response  27 (13.7)

Values are presented as mean±standard deviation or number (%).
CoNS: coagulase(–) Staphylococcus species, MRSA: methicil-
lin-resistant S. aureus, MRCoNS: methicillin-resistant CoNS. *In-
cluding multiple choices except whole body. †Including only 
culture positive samples (n=166).

trunk (Table 1). For treatment, cephradine was the most 
frequently used systemic antibiotic agent (n=156) and 
mupirocin (n=89) was the most commonly used topical 
antibiotic agent. 

Microbiological characteristics

Bacteria were isolated in 166 samples from 155 patients. 
The most frequently detected bacterial species were S. 
aureus (66.3%) and CoNS (15.7%). Of 155 culture-pos-
itive patients, most isolates were single pathogens (92.9%) 
and only 11 patients (7.1%) showed mixed pathogens.
Among 166 isolated bacteria samples, 160 samples had 
Gram-positive bacteria (96.4%) and only 6 samples had 
Gram-negative bacteria (3.6%). Among 160 samples iso-
lating Gram-positive bacteria, penicillin resistance was 
found in 124 samples (77.5%) and methicillin-resistant 
species were found in 45 (28.1%). All methicillin-resistant 
species were either S. aureus or CoNS. In the case of S. 

aureus, 36.4% revealed methicillin resistance and 19.2% 
of CoNS were methicillin resistant. Of 166 culture-positive 
samples, 53 showed antibiotic resistance to more than 3 
antibiotics (31.9%). Doxycycline, minocycline, clindamycin, 
TMP-SMX, and linezolid are known as the existing MRSA 
oral treatment agents8. Some species were also partially 
resistant to tetracycline (n=20, 12.5%) or clindamycin 
(n=41, 25.6%). Erythromycin-inducible, clindamycin-re-
sistant S. aureus was also observed in 7 patients (6.4%).
The bacteriological characteristics according to the diag-
nosis were also assessed. Compared to rates of secondary 
infection with S. aureus, the proportion of methicillin-re-
sistant species in primary infection was increased (50% vs. 
26.6%, p=0.012). Additionally, the number of resistant 
antibiotics was increased compared to that of secondary 
infection, showing a statistically significant difference 
(p=0.022).

Treatment response

Among 197 patients, 170 patients (86.3%) showed clin-
ical improvement after initial treatment (Table 1). As 
shown in Table 2, the univariable logistic regression analysis 
of 166 culture-positive samples revealed that Gram-nega-
tive species (p=0.022), resistance to 3 or more antibiotics 
(p=0.029), and non-systemic antibiotics use (p＜0.001) 
were significantly associated with lower treatment response. 
There were no significant differences in treatment re-
sponse according to age, sex, infection site, and diagnosis. 
Methicillin resistance was not associated with lower treat-
ment response (p=0.375). In non-responders, azithromycin, 
ciprofloxacin, and moxifloxacin were used in the secon-
dary treatment after failure of the initial treatment, but 
there was a limit to the analysis of the treatment response 
due to the small number of patients (Table 2). 
In the non-responder group, the proportion of S. aureus 
was 18.5%, slightly higher compared to 12.4% in the res-
ponder group, and the proportion of MRSA and MRCoNS 
increased to 24.1% and 3.4%, respectively, but did not 
show a statistically significant difference. Regarding S. aur-
eus, MRSA tended to have a lower response to treatment 
than methicillin-susceptible S. aureus (MSSA) (82.5% vs. 
94.3%, respectively) but the difference was not statistically 
significant (p=0.058). 
In the multivariable logistic regression analysis, resistance 
to 3 or more antibiotics (p=0.044) and non-systemic anti-
biotic use (p＜0.001) remained significantly associated 
with lower treatment response, whereas the association 
with the type of Gram stain for a species was no longer 
significant. Instead, culture amounts quantified as “many” 
showed a significant association with lower treatment re-
sponse compared to culture amount described as “rare,” 
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Table 2. Univariable and multivariable analysis of treatment response for culture-positive samples (n=166)

Variable

Univariable analysis Multivariable analysis

Response
(n=143)

Non-response
(n=23)

OR 
(95% CI)

p-value
OR 

(95% CI)
p-value

Age (yr) 14.0±9.6 13.6±11.2 1.005 (0.960∼1.051)  0.844
Gender 　 　 　

  Male 78 (86.7) 12 (13.3) 　

  Female 65 (85.5) 11 (14.5) 0.909 (0.376∼2.196)  0.832
Diagnosis 　 　 　

  Primary infection 50 (84.7)  9 (15.3) 　 　

  Secondary infection 93 (86.9) 14 (13.1) 1.196 (0.484∼2.956)  0.699
Treatment 　 　 　 　

  Systemic treatment 131 (91.6) 12 (8.4)
  Non-systemic treatment 12 (52.2) 11 (47.8) 0.100 (0.036∼0.274) ＜0.001* 0.054 (0.015∼0.195) ＜0.001*
Pathogen
  Common pathogen 
    (Staphylococcus aureus, CoNS)

120 (88.2) 16 (11.8)

  Other species 23 (76.7) 7 (23.0) 0.438 (0.162∼1.184)  0.104 0.304 (0.070∼1.315)  0.111
Gram stain
  Gram(+) species 140 (87.5) 20 (12.5)
  Gram(−) species  3 (50.0)  3 (50.0) 0.143 (0.027∼0.757)   0.022* 0.865 (0.089∼8.425)  0.901
Culture amount
  Rare 36 (87.8)  5 (12.2)
  Moderate 51 (91.1) 5 (8.9) 1.417 (0.382∼5.255)  0.603 0.436 (0.086∼2.206)  0.316
  Many 56 (81.2) 13 (18.8) 0.598 (0.197∼1.821)  0.366 0.213 (0.049∼0.932)   0.040*
Number of antibiotic resistance
  0≤r≤2 102 (90.3) 11 (9.7)
  r≥3 41 (77.4) 12 (22.6) 0.368 (0.151∼0.902)   0.029* 0.239 (0.059∼0.960)   0.044*
Methicillin susceptability
  Susceptable† 106 (87.6) 15 (12.4)
  Resistant 37 (82.2) 8 (17.8) 0.654 (0.257∼1.669)  0.375 0.912 (0.195∼4.256)  0.906
Patients with S. aureus infection
  MSSA 66 (94.3) 4 (5.7)
　MRSA 33 (82.5)  7 (17.5) 0.286 (0.078∼1.046)  0.058 　

Values are presented as mean±standard deviation or number (%). OR: odds ratio, CI: confidence interval, CoNS: coagulase(–) 
Staphylococcus species, MSSA: methicillin-susceptible S. aureus, MRSA: methicillin-resistant S. aureus. *p＜0.05. †Included not 
identifed for susceptibility.

when adjusting for covariates (p=0.040). Methicillin re-
sistance was not associated with lower treatment response 
both in univariable and multivariable analyses. 

DISCUSSION

In this retrospective analysis, we examined microbio-
logical characteristics of skin infections and analyzed clin-
ical and microbial factors in an effort to predict responses 
to treatment. These analyses targeted children and young 
adults without systemic underlying diseases in an out-
patient setting. In this population, the response to initial 
treatment was high and even MRSA responded well to 
empirical antibiotic treatment, including use of first-gen-
eration cephalosporins. We also found that the number of 

antibiotic-resistant bacteria, the colony count, and the 
treatment regimen were associated with responsiveness.
Previous articles reported the results of culture tests on in-
fected skin lesions in patients in the intensive care unit or 
emergency department9,10. However, the patient population 
in this study was different from that described in previous 
reports. This study included outpatient pediatric patients 
and young adults less than 30 years old without under-
lying systemic disorders. These patients commonly have 
secondary superficial bacterial infections, and less com-
monly have more deep-seated infections such as ab-
scesses and cellulitis. They are commonly seen in out-
patient dermatology clinics11. In addition, patients admit-
ted to a secondary care hospital are considered to have 
community-acquired rather than hospital-acquired infections.
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In the present study, the overall treatment response was 
86.3%. An explanation for this high response was that em-
pirical antibiotics mostly targeted Gram-positive bacteria, 
which accounted for 96.4% of isolates in this study. 
We found that systemic antibiotics were significantly more 
effective than topical antibiotics for skin infections. Since 
patients with mild and limited localized infections were 
more likely to choose topical treatment, oral antibiotics 
are more likely to be effective than topical antibiotics un-
der the same disease severity conditions. In some cases, 
contact dermatitis due to topical antibiotic application it-
self may be a concern, as in atopic disease12. In contrast, 
previous studies comparing the efficacy of topical and sys-
temic therapies reported that the number of resistant 
pathogens increased with the use of systemic antibiotics13. 
Thus, oral antibiotics are recommended if skin infection is 
strongly suspected.
Systemic antibiotics may achieve superiority by prevent-
ing deterioration of a skin lesion through early intensive 
treatment, and by helping restore the skin barrier14,15.
In this study, MRSA accounted for 36.4% of total S. aureus 
isolates, with infection rates increasing over time, com-
pared with 9.8% in outpatients in 2006 and 16.6% in sus-
pected infectious disease cases16. Consistent with other 
studies17-19, S. aureus was the most frequently detected 
pathogen, and the vast majority of isolated S. aureus was 
resistant to penicillin, with intermediate or complete re-
sistance to erythromycin, clindamycin, and gentamycin, in 
addition to oxacillin. Clindamycin is also considered a 
second-line drug in severe MRSA infections20, and can ex-
hibit inducible resistance due to erythromycin as well as 
clindamycin alone21.
Among those with S. aureus skin infections, the pro-
portion of MRSA was significantly higher in primary in-
fection than in secondary infection. This could be because 
an infection in an intact skin barrier may have greater viru-
lence than an infection in an already damaged skin 
barrier. It is also possible that the nature of susceptibility 
to antibiotics may be different22,23.
Not only was S. aureus detected, but CoNS was also de-
tected in 15.7% of cases in this study. CoNS, a species 
commonly present in the normal skin flora, has shown 
pathogenicity in catheter-related infections or immunosup-
pressed patients24,25; however, even in immunocompetent 
patients, CoNS may become virulent if it enters the skin 
surface in the presence of a damaged skin barrier. The rate 
of resistance to various antibiotics is also increasing26. In 
fact, this study showed that the rate of MRCoNS is about 
2.4%.
In the present study, the treatment response of MRSA to 
empirical antibiotic use was more than 80%. It has been 

reported that therapeutic response is obtained when ap-
propriate drainage is combined with empirical systemic 
antibiotics, even without the use of intravenous agents 
such as vancomycin, which is currently recommended2. 
In addition, satisfactory therapeutic responses were ob-
tained without the use of clindamycin or TMP-SMX, the 
agents recommended for outpatient treatment of MRSA in 
simple abscesses1. It is known that most community-asso-
ciated MRSA isolates have Panton-Valentine leukocidin, 
which confers greater virulence than is seen with hospi-
tal-associated MRSA or MSSA2. Nevertheless, the results of 
this study confirm that skin infection in immunocompetent 
hosts can be treated with conventional dressings and oral 
systemic antibiotics such as cephalosporins3,10.
However, we also observed some trends toward antibiotic 
resistance, especially among patients with S. aureus infec-
tions. The number of antibiotics to which S. aureus showed 
resistance was associated with poorer treatment responses. 
Resistance to three or more antibiotics was shown by 
31.9% of patients, and the response to treatment was some-
what poorer than in those with resistance to two or less. 
Furthermore, the treatment response was somewhat poor-
er in MRSA-infected patients than in MSSA-infected pa-
tients, even though there was no statistically significant 
difference in treatment response.
The results of this study do not apply to patients with hos-
pital-associated MRSA or systemic infection. In addition, 
this study was performed with retrospective chart review 
and only patients who had swab cultures were included; 
the study was therefore limited to outpatients with in-
fectious skin lesions. However, swab culture is generally 
performed in patients with more severe skin lesions; there-
fore, the bacteriological characteristics and therapeutic re-
sponses can be applied to superficial skin infections in the 
outpatient setting.
Despite limitations, the present study showed that among 
immunocompetent children and young adults, the re-
sponse rate to empirical treatment with systemic anti-
biotics targeting Gram-positive bacteria was high. Moreover, 
first-generation cephalosporins could still be used in a 
first-line empirical regimen for bacterial skin infections, es-
pecially in cases of secondary infection treated in the out-
patient setting, regardless of methicillin resistance. Because 
the treatment success rate with topical agents is sig-
nificantly less, these should be avoided if a lesion is not 
mild or focal. Antibiotic-resistance testing is recommended. 
However, if testing is not feasible, the absence of resist-
ance to TMP-SMX in this study should be noted. Therefore, 
as in previous studies, this drug may be suitable as a sec-
ond-line option when first-generation cephalosporin treat-
ment fails. However, because serious side effects such as 
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rashes, allergic reactions, or bone marrow suppression are 
not rare, TMP-SMX is still recommended as a second-line 
treatment. 
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