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KEYWORDS Abstract Purpose: This study aimed to describe the etiology, clinical features, hospital

Children; course, and outcomes of hospitalized children with skin and soft tissue infections (SSTls)

MRSA; and to test if clinical and laboratory variables at admission could differentiate between

Skin and soft tissue community-acquired methicillin-resistant Staphylococcus aureus (CA-MRSA) and community-
infections; acquired methicillin-sensitive S. aureus (CA-MSSA).

Staphylococcus Methods: We reviewed the clinical, laboratory, treatment, and outcome data for children hos-
aureus pitalized with SSTls, aged 0—18 years at MacKay Children’s Hospital between 2010 and 2019.

Multivariable logistic regression was used to identify independent predictors of CA-MRSA and
CA-MSSA SSTIs.

Results: A total of 1631 patients were enrolled. Erysipelas/cellulitis (73.8%) was the most
common pediatric SSTI type, followed by acute lymphadenitis (13.6%) and abscess/
furuncle/carbuncle (8.6%). Among the 639 culture-positive isolates (purulent SSTIs), 142
(22.2%) were CA-MSSA and 363 (56.8%) were CA-MRSA. The age group 0—1 month (OR,
6.52; 95% Cl 1.09—38.92; P = 0.04) and local lymph node reaction (OR, 2.47; 95% CI 1.004
—6.08; P = 0.049) were independent factors for differentiating children with CA-MSSA from
those with CA-MRSA SSTIs. MRSA isolates in our cohort were highly susceptible to glycopep-
tides (100%), linezolid (100%), daptomycin (100%), and sulfamethoxazole/trimethoprim
(98.6%) but were significantly less susceptible to clindamycin compared with MSSA (34.2%
vs. 78.2%, P < 0.001).

* Corresponding author. Department of Pediatrics, MacKay Children’s Hospital, No. 92, Sec. 2, Zhongshan N. Road, Zhongshan Dist., Taipei,
10449, Taiwan. Fax: +886 2 2523 2448.
E-mail address: 4846.4846@mmh.org.tw (C.-Y. Huang).

https://doi.org/10.1016/j.jmii.2022.01.007
1684-1182/Copyright © 2022, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:4846.4846@mmh.org.tw
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jmii.2022.01.007&domain=pdf
https://doi.org/10.1016/j.jmii.2022.01.007
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.sciencedirect.com/science/journal/16841182
http://www.e-jmii.com
https://doi.org/10.1016/j.jmii.2022.01.007
https://doi.org/10.1016/j.jmii.2022.01.007

Journal of Microbiology, Immunology and Infection 55 (2022) 728—739

Conclusion: S. aureus is the leading pathogen of culture-proven SSTls in hospitalized children
with MRSA accounting for more than half. Determining the optimal empirical antibiotics in
CA-SSTIs may rely on the patient’s age, disease severity, and local epidemiologic data.

Copyright © 2022, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

Introduction

Children are frequently affected by skin and soft tissue
infections (SSTIs), which require inpatient management.
SSTls can differ in clinical presentation, microbial etiology,
and severity. Risk factors for admission include a history of
atypical exposures, rapidly progressing infection, extensive
or severe site of involvement, failure of oral antibiotics,
need for surgical management, comorbidities, or signs of
sepsis/systemic infection.

The hospitalizations and medical burden of SSTIs have
increased nationwide since the emergence of community-
acquired metbhicillin-resistant Staphylococcus aureus (CA-
MRSA)." > CA-MRSA strains are genetically different from
the hospital-acquired MRSA (HA-MRSA) strains. They have
been recognized as a novel pathogen group. The CA-MRSA
strains are usually characterized by limited antibiotic
resistance (except to B-lactams). They possess different
exotoxin gene profiles (e.g., Panton-Valentine leucocidin
(PVL) genes) and carry the type IV staphylococcal cassette
chromosome (SCCmec IV).* Presence of PVL has some major
clinical therapeutic impacts, such as the association with
deep-seated abscess, multiple lesions, recurring SSTI epi-
sodes, multiple antibiotic resistances and outbreaks of
SSTIs.> Prompt recognition, timely usage of appropriate
therapy, and judicious antibiotic usage may improve pa-
tients’ outcomes.

In Taiwan, the local epidemiological data for pediatric
SSTls is limited. Consequently, the purpose of this study
was to describe the clinical features, management, etiol-
ogy, and antibiotic resistance patterns of S. aureus, as well
as the outcomes of SSTIs in hospitalized children. We also
aimed to identify any independent factors that could
differentiate between children with CA-MSSA and CA-MRSA
SSTls.

Methods
Patient identification and medical chart review

A retrospective observational study was performed for pa-
tients in Mackay Children’s Hospital between January 1st
2010 and December 31st 2019. A list of patients with In-
ternational Classification of Diseases, ninth Revision, Clin-
ical Modification (ICD-9-CM) and International Classification
of Diseases, Tenth Revision, Clinical Modification (ICD-10-
CM) discharge diagnosis codes indicative of SSTIs was ob-
tained. From January 2010 to December 2015, the ICD-9 CM
diagnostic codes were used in Mackay Children’s Hospital.
The ICD-10 CM diagnostic codes have been used since
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January 1st 2016. A list of ICD-9/10 CM diagnostic codes
about SSTIs was shown in Supplementary Table S1. Elec-
tronic hospital records were the primary source of this in-
formation. However, paper charts were examined if the
electronic records were incomplete. We included patients
<18 years of age with CA-SSTls. Patients were excluded if
they were >18 years of age, had healthcare-related SSTIs,
or had insufficient data available.

We collected information on the patients’ demographics
(including their gender and age), clinical presentation
(including pre-hospitalization fever, systemic inflammation
response syndrome (SIRS), recurrent infection, comorbid-
ities, foreign body in lesion, insect/animal bite, previous
trauma, previous surgery, symptoms of erythema, swelling,
warmth and tenderness, local lymph node reaction, pete-
chiae, vesicle/bullae and purulent lesion), and hospitali-
zation course (including the length of stay, presence and
duration of fever during hospitalization, the course of an-
tibiotics used, the site of infection and surgical treatment).
In addition, laboratory evaluations at presentation
(including the white blood cell [WBC] count, differential
count of segment/lymphocyte/band, absolute neutrophil
count [ANC], blood hemoglobin and hematocrit percentage,
platelet count, and C-reactive protein [CRP] value), pus
cultures, blood cultures, and antimicrobial susceptibility
test results were reviewed.

Bacterial species identification

A total of 505 S. aureus isolates were identified using the
VITEK MS system (BioMerieux Vitek, Hazelwood, MO, USA).
Blood cultures were also processed using the VITEK MS
system.

Antimicrobial susceptibility testing

The antimicrobial susceptibility and minimum inhibitory
concentration to cefazolin, clindamycin, erythromycin,
fusidic acid, linezolid, oxacillin, penicillin, rifampicin, tei-
coplanin, tigecycline, trimethoprim-sulfamethoxazole
(TMP-SMX), ampicillin/sulbactam, daptomycin, and vanco-
mycin were assessed using the VITEK 2 system (BioMerieux
Vitek).

Definitions

We classified S. aureus-infected patients as CA and
healthcare-associated (HA) using the U.S. Centers for Dis-
ease Control and Prevention definition for MRSA.® “HA”
infection was defined as patients with SSTIs which were
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identified after 48 h hospitalization or those with a prior
healthcare exposure history within 1 year before the SSTI
episode, including residence in a long-term care facility,
the use of central intravenous catheters or long-term
venous access devices, the use of urinary catheters, the
use of other long-term percutaneous devices, and/or the
requirement of dialysis. “CA” infection was defined as pa-
tients with SSTIs which were identified within 48 h of hos-
pitalization and without the aforementioned history within
1 year before the episode.

Pediatric systemic inflammatory response syndrome
(SIRS) was defined as below.” The presence of at least two
of the following four criteria, one of which must be
abnormal temperature or leukocyte count:

e Core body temperature of >38.5 °C or <36 °C.

e Tachycardia, defined as a mean heart rate >2 standard
deviation (SD) above average for the patient’s age in the
absence of external stimulus, chronic drugs, or painful
stimuli; or otherwise unexplained persistent elevation
over a 0.5—4 h period; or for children <1 year-old:
bradycardia, defined as a mean heart rate <10th
percentile for age in the absence of external vagal
stimulus, B-blocker drugs, or congenital heart disease;
or otherwise unexplained persistent depression over a
0.5 h period.

Mean respiratory rate >2 SD above average for the pa-
tient’s age or mechanical ventilation for an acute pro-
cess not related to underlying neuromuscular disease or
the receipt of general anesthesia.

Leukocyte count elevated or depressed for the patient’s
age (not secondary chemotherapy-induced leukopenia)
or >10% immature neutrophils.

The age-specific cutoffs for each criterion were based on
a previous study.” These values were chosen after careful
review of the medical literature and cited references. As no
evidence-based values for abnormal vital signs and labo-
ratory values were found, the values cited were based on
expert opinion from the cited references.’

Antibiotic use was calculated as days of therapy (DOT).
DOT was a description of antibiotic use and calculated
independently of the patient-days and combination drugs.
It was calculated by multiplying the number of doses by the
dosing interval and dividing this by 24 (hours).® Empiric
antibiotic accuracy was defined to see if the empiric anti-
biotic usage was compatible with the antimicrobial sus-
ceptibility result of the pus culture.

Statistical analysis

A chi-squared test or Fisher’s exact test was used for cat-
egorical variables, and a Student’s t-test was used for
continuous variables with normal distribution. The
Mann—Whitney U test was used for continuous variables
with non-normal distribution. The variables found to be
significantly related to the dependent variable were used in
collinearity diagnostics of linear regression to examine the
multicollinearity. After checking and removing multi-
collinearity, univariate logistic regression analysis was

730

performed. The statistically significant variables were then
used in the multivariate logistic regression to find the best
predictors for differential diagnosis between CA-MSSA and
CA-MRSA SSTls. Values for numerical variables were pro-
vided as the mean + SD, median (range), or median
(interquartile range; IQR) depending on the normality of
the distribution. Categorical variables were provided as
absolute values or percentages. A P value < 0.05 was
considered to indicate a statistically significant difference.
SPSS (Version 26.0, IBM Corp., Armonk, NY, USA) was used
for the statistical analyses.

Ethical considerations

This study was approved by the Institutional Review Board
of Mackay Memorial Hospital (approval no. 20MMHIS329e).

Results

The case records of 2250 hospitalized children with SSTI as
a discharge diagnosis, as determined by their ICD9 and
ICD10 codes between 2010 and 2019, were reviewed. A
total of 1631 children were enrolled in our study, including
639 who had culture-positive isolates. We identified 363
MRSA and 142 MSSA among the 505 S. aureus isolates
(Fig. 1). The other bacterial isolates were Acinetobacter
baumannii complex, Aeromonas hydrophila/caviae, Alpha-
Streptococcus species, Bacteroides fragilis group, Cit-
robacter freundii, Coagulase (—) Staphylococcus, Coryne-
bacterium species, Eikenella corrodens, Enterobacter
kobei, Enterobacter cloacae, Enterococcus species,
Escherichia coli, Haemophilus parainfluenzae, Klebsiella
pneumoniae ssp pneumoniae, Morganella morganii ssp
morganii, Pasteurella canis, Pasteurella multocida, Pas-
teurella pneumotropica, Peptostreptococcus species, Pre-
votella species, Propionibacterium species, Proteus
mirabilis, Pseudomonas aeruginosa, Raoultella ornithino-
lytica, Streptococcus agalactiae and Streptococcus pyo-
genes. The numbers of other bacteria are shown in
Supplementary Table S2.

Patient characteristics

The characteristics of all included patients are presented in
Table 1. Patients with a positive pus culture were signifi-
cantly younger (P < 0.001), especially <24 months old; and
had a significantly higher initial WBC count (P < 0.001),
platelet value (P < 0.001), CRP value (P < 0.05) and a
longer length of hospital stay (P < 0.001).

The characteristics of patients with MRSA versus MSSA
isolates are shown in Table 2. Hospitalized patients with
MRSA infections were generally older (median age: 21.4
months vs. 17.5 months, P = 0.037), were significantly
more likely to be between the ages of 2 and 5 years (25.9%
vs. 16.2%, P < 0.001), had a higher frequency of fever
before (65% vs. 54.9%, P = 0.036) and after hospitalization
(54.8% vs 42.3%, P = 0.011), had an erythematous change
at the lesion (91.7% vs. 82.4%, P = 0.002), had lesions at on
the buttocks (27.8% vs. 6.3%, P < 0.001), had cellulitis as
the type of SSTI (88.2% vs. 69.7%, P < 0.001), and had a
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Use ICD-9-CM and ICD-10-CM discharge diagnosis codes with SSTI obtained from the
MacKay Children’s Hospital, between January 2010 and December 2019.
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Figure 1.

Flow chart of data extraction.

Table 1 Demographics and characteristics of hospitalized children with SSTIs at Mackay Children’s Hospital between 2010 and
2019.
Characteristic Pus culture negative (N = 992) Pus culture positive (N = 639) P value
Demographic
Male 551 (55.5%) 353 (55.2%) 0.905
Age group, month <0.001*

<1 17 (1.7%) 36 (5.6%)

2 — <24 259 (26.1%) 315 (49.3%)

24 — <72 303 (30.6%) 135 (21.1%)

72 — <156 270 (27.2%) 86 (13.5%)

156 — <228 143 (14.4%) 67 (10.5%)
Age, median (IQR) 56.9 (21.8—109.4) 20.6 (9.1—65.1) <0.001*
Laboratory data at presentation
WBC count (103/pL) 12.6 + 4.8 15.7 £ 6.5 <0.001*
Segment (%) 57.7 + 19.6 57.4 + 18.2 0.799
Lymphocyte (%) 30.3 £ 17.5 30.1 + 16.1 0.765
Band (%), median (range) 0 (0—24) 0 (0-33) 0.034*
ANC (10%/pL) 7.6 +4.3 9.3+£5.2 <0.001*
Hb (g/dL) 124 +£ 1.4 12.2 + 1.4 0.004*
Hct (%) 37.4 +£10.3 36.4 + 4.2 0.021*
Platelet count (103/uL) 309.3 + 103.8 343.1 + 117.8 <0.001*
CRP (mg/dL), median (IQR) 1.3 (0.3—3.6) 1.6 (0.5—4.0) 0.003*
Bacteremia 3 (0.3%) 4 (0.6%) 0.082
Hospital course
Oral antibiotic before admission 381 (38.4%) 246 (38.5%) 0.97
LOS (days) 6.1 + 3.0 7.1 +3.2 <0.001*
Fever at admission 446 (45.0%) 302 (47.3%) 0.362
Duration to defervescence, 0 (0—8) 0 (0—14) 0.466

median (range)
ICU admission 3 (0.3%) 1 (0.2%) 0.57

Data are presented as N (%) or mean + SD unless otherwise indicated.
Abbreviations: ANC, absolute neutrophil count; CRP, C-reactive protein; Hb, hemoglobulin; Hct, hematocrit; ICU, intensive care unit;
IQR, interquartile range; LOS, length of stay; SSTIs, skin and soft tissue infections; WBC, white blood cell count.

*P < 0.05, as determined by Student’s t-distribution, Mann—Whitney U test, Chi-squared test or Fisher’s exact test.
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Table 2 Comparison between hospitalized children with MSSA and MRSA isolates from 2010 to 2019.

Characteristic MSSA (N = 142) MRSA (N = 363) P value
Demographic
Male 87 (61.3%) 170 (46.8%) 0.004*
Age group, month 0.001*

<1 11 (7.7%) 5 (1.4%)

1-<24 75 (52.8%) 189 (52.1%)

24 — <72 23 (16.2%) 94 (25.9%)

72 — <156 19 (13.4%) 49 (13.5%)

156 — <228 14 (9.9%) 26 (7.2%)
Age, median (IQR) 17.5 (6.2—65.4) 21.4 (11.9—49.4) 0.037*
Clinical presentation
Pre-hospitalization fever 78 (54.9%) 236 (65.0%) 0.036*
SIRS reaction 52 (36.6%) 129 (35.5%) 0.820
Recurrent 4 (2.8%) 6 (1.7%) 0.399
Foreign body 0 (0%) 0 (0%) =
Insect/animal bite 11 (7.7%) 48 (13.2%) 0.085
Previous trauma 1 (0.7%) 6 (1.7%) 0.412
Previous surgery 3 (2.1%) 1 (0.3%) 0.036*
Erythema 117 (82.4%) 333 (91.7%) 0.002*
Swelling 115 (81.0%) 315 (86.8%) 0.100
Warmth 43 (30.3%) 136 (37.5%) 0.129
Tenderness 72 (50.7%) 209 (57.6%) 0.162
Local lymph node reaction 31 (21.8%) 14 (3.9%) <0.001*
Purulent lesion 67 (47.2%) 186 (51.2%) 0.412
Petechiae 0 (0%) 0 (0%) —
Vesicle/bulla 9 (6.3%) 19 (5.2%) 0.626
Type of SSTI <0.001*
SSSS 1 (0.7%) 2 (0.6%)
Impetigo 1 (0.7%) 4 (1.1%)
Abscess/Furuncle/Carbuncle 11 (7.7%) 34 (9.4%)
Cellulitis 99 (69.7%) 320 (88.2%)
Acute lymphadenitis 23 (16.2%) 2 (0.6%)
Omphalitis 7 (4.9%) 1 (0.3%)
Necrotizing fasciitis 0 (0%) 0 (0%)
Location <0.001*
Extremities 53 (37.3%) 114 (31.4%)
Head/Neck 30 (21.1%) 23 (6.3%)
Groin/Perineum 14 (9.9%) 21 (5.8%)
Buttock 9 (6.3%) 101 (27.8%)
Torso 22 (15.5%) 46 (12.7%)
Face 11 (7.7%) 52 (14.3%)
Multiple sites 3 (2.1%) 6 (1.7%)
Laboratory data at presentation
WBC count (103/pL) 15.0 + 6.8 16.3 + 6.6 0.046*
Segment (%) 53.6 + 21.2 59.9 + 15.0 <0.001*
Lymphocyte (%) 32.6 + 18.7 28.1 + 13.6 0.003*
Band (%), median (range) 0 (0—-21) 0 (0-33) 0.966
ANC (103/pL) 8.5+ 5.6 9.9 £5.0 0.005*
Hb (g/dL) 11.9 £ 1.7 12.2 + 1.2 0.01*
Hct (%) 35.7 £ 5.1 36.6 + 3.4 0.02*¢
Platelet count (10°/pL) 379.4 + 140.3 326.9 + 101.8 <0.001*
CRP (mg/dL), median (IQR) 1.6 (0.4—4.5) 1.7 (0.6—-3.8) 0.47
Bacteremia 3 (2.1%) 0 (0%) 0.005*
Comorbidities® 0.009*
Negative 121 (85.2%) 338 (93.1%)
Hematology/Malignancy 6 (4.2%) 1 (0.3%)
Endocrine disease 0 (0%) 1 (0.3%)
Neurologic disease 2 (1.4%) 2 (0.6%)
Dermatologic disease 3 (2.1%) 11 (2.9%)
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Table 2 (continued)

Characteristic MSSA (N = 142) MRSA (N = 363) P value
Renal disease 0 (0%) 0 (0%)
Genetic syndrome/Metabolic disease 3 (2.1%) 2 (0.6%)
Immune deficiency/Rheumatologic disease 5 (3.6%) 7 (1.9%)
Infectious disease 1 (0.7%) 1 (0.3%)
ENT anomalies 1 (0.7%) 0 (0%)
CV disease/Chest disease 0 (0%) 0 (0%)
Gl disease 0 (0%) 0 (0%)
Hospital course
LOS 7.6 + 4.4 6.6 +2.5 0.004*
Fever during hospitalization 60 (42.3%) 199 (54.8%) 0.011*
Fever days during hospitalization, median (range) 0 (0—14) 1 (0—10) 0.013*
ICU admission 1 (0.7%) 0 (0%) 0.110
Treatment
DOTs (intravenous + oral) 8.1 £ 6.1 7.2+ 4.4 0.059
Empiric antibiotic” 0.25
Glycopeptides only 10 (7.1%) 23 (6.3%)
Glycopeptides combination 2 (1.4%) 7 (1.9%)
B-lactams 97 (68.3%) 232 (63.9%)
B-lactams combination 25 (17.6%) 91 (25.1%)
Others 8 (5.6%) 10 (2.8%)
Empiric antibiotic accuracy 124 (87.3%) 40 (11.0%) <0.001*
Use 1 empiric antibiotic 90 (63.4%) 206 (56.7%) 0.174
Use >2 empiric antibiotics 52 (36.6%) 157 (43.3%)
Take home antibiotic 124 (87.3%) 324 (89.3%) 0.537
Need for surgery 46 (32.4%) 60 (16.5%) <0.001*
@ Comorbidities: - Hematology/malignancy: acute lymphoblastic leukemia, acute myeloid leukemia, aplastic anemia, rhabdomyo-
sarcoma, osteosarcoma. - Endocrine disease: diabetes mellitus, type |. - Neurologic disease: congenital myopathy, adrenoleukodys-

trophy, cerebral palsy, epilepsy, congenital insensitivity to pain with anhidrosis. - Dermatologic disease: atopic dermatitis. - Genetic
syndrome/metabolic disease: Down’s syndrome, Treacher Collins syndrome, mucopolysaccharidosis. - Immune deficiency/rheumato-
logic disease: hyper IgE syndrome, hyper IgM syndrome, juvenile rheumatoid arthritis. - Infectious disease: herpangina, tinea pedis. -
ENT anomalies: pre-auricular fistula.

b Empiric antibiotic: - B-lactams: penicillin, oxacillin, amoxicillin/clavulanate, or cephalosporins. - B-lactams combination: ap-lactam
plus either an aminoglycoside (gentamicin or amikacin) and/or clindamycin or metronidazole and/or TMP-SMX. - Glycopeptide: van-
comycin or teicoplanin. - Glycopeptide combination: a glycopeptide plus either an aminoglycoside and/or clindamycin or metronida-
zole. - Others: clindamycin, daptomycin, linezolid, TMP-SMX, or fluoroquinolones (moxifloxacin or levofloxacin).

Data are presented as N (%) or mean =+ SD unless otherwise indicated.

Abbreviations: ANC, Absolute neutrophil count; CRP, C-reactive protein; CV, cardiovascular; DOTs, Days of antibiotic therapy; ENT, Ear
nose throat; Gl, gastrointestinal; Hb, hemoglobulin; Hct, hematocrit; ICU, intensive care center; LOS, length of stay; MSSA, methicillin-
susceptible S. aureus; MRSA, methicillin-resistant S. aureus; SIRS, systemic inflammatory response syndrome; SSTls, skin and soft tissue

infections; SSSS, staphylococcal scalded skin syndrome; TMP-SMX, trimethoprim/sulfamethoxazole; WBC, white blood cell count.

—, not applicable.

*P < 0.05, as determined by Student’s t-distribution, Mann—Whitney U test, Chi-squared test or Fisher’s exact test.

higher WBC count (1.6 x 103/pL vs. 1.5 x 10%/uL,
P = 0.046) and absolute neutrophil count (9.9 x 103/puL vs.
8.5 x 10°/uL, P = 0.005) at admission compared with pa-
tients with MSSA infections. In comparison with MRSA iso-
lates, patients with MSSA isolates were significantly more
likely to be < 1 month old (7.7% vs. 1.4%, P < 0.001), male
(P = 0.004), have a local lymph node reaction (21.8% vs.
3.9%, P < 0.001), have lesions at the head and neck (21.1%
vs. 6.3%, P < 0.001), have lymphadenitis and omphalitis as
the type of SSTI (P < 0.001), have bacteremia (2.1% vs. 0%,
P = 0.005), comorbidities (P = 0.009), a longer length of
hospital stay (P = 0.004), a need for surgical intervention
(32.4% vs. 16.5%, P = 0.009), and have a higher accuracy to
the empiric antibiotic (87.3% vs. 11.0%, P < 0.001).
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Clinical manifestations

Erysipelas/cellulitis (1204 cases; 73.8%) was the most
common pediatric SSTI infection type, followed by acute
lymphadenitis (222 cases; 13.6%), abscess/furuncle/
carbuncle (140 cases; 8.6%), impetigo (25cases; 1.5%),
staphylococcal scalded skin syndrome (23 cases; 1.4%),
omphalitis (15 cases; 0.9%), and necrotizing fasciitis (2
cases; 0.1%) (Supplementary Fig. S1).

Detailed location distribution of all SSTIs is shown in
Supplementary Fig. S2. The extremities (36%) accounted for
the largest proportion of cases, followed by head/neck
(18%), face (17%), buttocks (15%), torso (7%), groin/peri-
neum (4%), and multiple locations (3%).
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Recurrent S. aureus SSTls

Ten patients had recurrent SSTIs caused by S. aureus.
Compared with patients without recurrent SSTIs, patients
with recurrent S. aureus SSTIs had more local lymph node
reaction (40% vs. 8.3%, P < 0.001), had lesions over head
and neck (50% vs. 9.7%, P = 0.003), had longer length of
hospital stays (12.0 + 10.7 days vs. 6.8 + 2.8 days,
P < 0.001), received more days of antibiotic therapy
(14.6 + 12.1 vs. 7.3 + 4.6, P < 0.001), had more need for
surgical intervention (60% vs. 20.2%, P = 0.002), had a high
frequency of comorbidities (80.0% vs. 7.7%, P < 0.001), had
more TMP-SMX for take-home antibiotic (60.0% vs. 34.3%,
P = 0.024), had a higher WBC count (22.2 x 10%/pL vs.
15.8 x 10%/uL, P = 0.002), absolute neutrophil count
(15.0 x 103/pL vs. 9.4 x 103/uL, P = 0.001), and generally
high CRP level (4.38 mg/dL vs. 1.68 mg/dL, P = 0.001) at
admission.

Risk factors

We used logistic regression modeling to identify risk factors
for CA-MSSA and CA-MRSA SSTIs (Table 3). The variables
used in the logistic model were the features identified as
being significantly different between the MRSA and MSSA
isolate groups, as shown in Table 2. In addition, we also
used the collinearity diagnostics of linear regression to
check and remove any multicollinearity. After removing
multicollinearity, we used the remaining variables one by
one in univariate logistic regression. We then took the
statistically significant variables from the univariate logistic
regression to perform multivariate logistic regression.

As shown in Table 3, the age group 0—1 month (OR, 6.52;
95% Cl 1.09—38.92; P = 0.04) and local lymph node reac-
tion (OR, 2.47; 95% ClI 1.004—6.08; P = 0.049) were sig-
nificant risk factors associated with CA-MSSA SSTis. In
addition, if the hemoglobin value at presentation (OR, 0.79;
95% Cl 0.65—0.97; P = 0.022) was increased by 1 g/dL, we
expected to see a 21% decrease in the odds of it being CA-
MSSA SSTI.

Bacterial culture and antibiotic susceptibility
results

Fig. 2 demonstrates the microbial distribution at each
location. MRSA isolates were more prevalent than MSSA
isolates in all locations except for head/neck.

Fig. 3 demonstrates the frequency of S. aureus (included
MRSA and MSSA) isolates from 2010 to 2019. The rate of
MRSA isolates each year was always more frequent than
MSSA isolates from 2010 to 2019.

The results of antimicrobial susceptibility testing are
shown in Table 4. The MSSA isolates exhibited low suscep-
tibility to penicillin and erythromycin but high susceptibil-
ity to oxacillin, cefazolin, TMP-SMX, and ampicillin/
sulbactam. The MRSA isolates were susceptible to most
antimicrobial agents except for oxacillin and clindamycin.
Significantly more MRSA isolates were resistant to clinda-
mycin than MSSA isolates (P < 0.001). Both MSSA and MRSA
were mostly susceptible to TMP-SMX, and there was no
significant difference noted between them.
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Discussion

Several previous studies have reported that ambulatory
care visits for SSTIs have increased over the past 20
years."> CA-MRSA strains have emerged worldwide and
have made the management of S. aureus SSTIs more chal-
lenging and complicated.? A clinical approach for identi-
fying risk factors that can predict and possibly differentiate
between infections with MRSA and MSSA, is required. Our
hospital-based 10-year study provides detailed information
about children with SSTls in Taiwan.

In the current study, the clinical and demographic
characteristics of SSTIs in hospitalized children were
analyzed. A significant number of culture-positive SSTIs
occurred in patients between birth and two years of age
(54.9%); they primarily had SSTIs caused by MRSA. Some
previous studies on S. aureus infections in children had
similar findings.>'® On the other hand, some previous
studies have reported different results regarding the
prevalent age range. For example, a previous study re-
ported a higher prevalence of S. aureus infection in chil-
dren aged 25 years in Colombia.'! Infections in different
age groups may be determined by the characteristics of
each population and by the risk factors to which children
are exposed. The microbiology of SSTIs in our study showed
that MRSA (56.8%) was the most common cultured path-
ogen, followed by MSSA (22.2%) and mixed infection (8.8%).
Some previous studies have also reported an association
with this finding, and our results supported this finding.® "2
However, there are some studies which reported opposite
results.'>"

Our study found that no predictors were associated with
CA-MRSA SSTIs. Several previous studies also found that
there were no specific risk factors for children with CA-
MRSA and CA-MSSA SSTIs."®">1® However, two studies on
adult populations identified obesity as an independent risk
factor for MRSA SSTIs compared with patients with SSTIs
due to other bacterial etiologies.'”'® Due to the amount of
anthropometric data lost in our study, we excluded this
variable from the analysis. The age group 0—1 month and
local lymph node reaction appear to be risk factors for CA-
MSSA SSTls in our study. A previous study indicated that
MSSA colonization of the nares, umbilical stump, and skin is
a normal process.'® However, staphylococcal infection oc-
curs ten times more frequently in otherwise healthy infants
colonized with S. aureus.”” The relationship between
colonization, infection, and transmission is a dynamic pro-
cess, and no doubt is influenced by numerous factors,
including host factors, intrinsic microbial factors, and
infection control practices. A pediatric study observed that
43% of newborns of S. aureus-colonized mothers were also
colonized in contrast to 7% of the newborns of S. aureus-
negative mothers by 100 h of hospitalization.?' The previ-
ous study also found that most S. aureus carriage in the
parturient mothers was MSSA.?”> We might hypothesize that
increased CA-MSSA SSTIs among the <1 month age group
are partially explained by possibly increased MSSA coloni-
zation in this age group. A previous study also supports the
finding that lymphadenitis is more commonly associated
with patients with CA-MSSA SSTIs compared with patients
with CA-MRSA SSTIs.”® Another study regarding pediatric
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Table 3  Logistic regression analysis of significantly different factors between MRSA and MSSA isolates from 2010 to 2019.

Variables MSSA vs MRSA (ref)
Univariate Multivariate
Adjusted OR (95% Cl) P value Adjusted OR (95% Cl) P value
Demographic
Female (ref: male) 0.56 (0.38—0.83) 0.004* 0.62 (0.38—1.003) 0.051
Age, month (ref:156—228) 0.004* 0.012*
<1 4.09 (1.18—14.13) 0.026* 6.52 (1.09—38.92) 0.04*
1—<24 0.74 (0.37—1.49) 0.395 0.44 (0.18—1.08) 0.074
24 — <72 0.45 (0.21—1.01) 0.051 0.39 (0.16—0.99) 0.046*
72 — <156 0.72 (0.31—-1.67) 0.443 0.59 (0.24—1.49) 0.272
Clinical presentation (ref: Negative)
Pre-hospitalization fever 0.66 (0.44—0.97) 0.036* 1.09 (0.66—1.83) 0.733
Previous surgery 7.81 (0.81—-75.75) 0.076
Erythema 0.42 (0.24—-0.75) 0.003* 0.78 (0.37—1.64) 0.52
Local lymph node reaction 6.96 (3.58—13.56) <0.001* 2.47 (1.004—6.08) 0.049*
Type (ref: SSSS) <0.001* 0.025*
Impetigo 0.5 (0.02—12.89) 0.68 0.14 (0.004—5.69) 0.301
Abscess/Furuncle/Carbuncle 0.65 (0.05—7.84) 0.73 1.09 (0.06—18.87) 0.952
Cellulitis 0.62 (0.06—6.89) 0.69 0.60 (0.04—8.98) 0.713
Acute lymphadenitis 23 (1.39—378.89) 0.028* 5.6 (0.23—137.45) 0.291
Omphalitis 14 (0.58—338.78) 0.105 6.1 (0.18—212.43) 0.318
Necrotizing fasciitis — — — —
Location (ref: Multiple) <0.001* 0.003*
Extremities 0.93 (0.22—3.86) 0.92 1.30 (0.24—7.16) 0.76
Head/Neck 2.61 (0.59—11.56) 0.207 1.08 (0.17—6.89) 0.936
Groin/Perineum 1.33 (0.29—6.23) 0.715 1.64 (0.25—10.63) 0.605
Buttock 0.18 (0.04—0.84) 0.029* 0.25 (0.04—1.59) 0.142
Torso 0.96 (0.22—4.19) 0.953 0.77 (0.13—4.53) 0.771
Face 0.42 (0.09—1.96) 0.271 0.54 (0.09—3.27) 0.502
Laboratory data at presentation
WBC count (103/pL) 1(1-1) 0.047* 1(1-1) 0.045*
Hb (g/dL) 0.83 (0.72—0.96) 0.011* 0.79 (0.65—0.97) 0.022*
Platelet count (103/pL) 1.004 (1.002—1.005) <0.001* 1.002 (1.0—1.004) 0.119
Comorbidities (ref: Negative) 0.155
Hematology/Malignancy 16.76 (1.99—140.64) 0.009*
Endocrine disease = 1
Neurologic disease 2.79 (0.39—20.05) 0.307
Dermatologic disease 0.76 (0.21—-2.78) 0.68
Renal disease = =
Genetic syndrome/Metabolic disease 4.19 (0.69—25.38) 0.12
Immune deficiency/Rheumatologic disease 1.99 (0.62—6.41) 0.25
Infectious disease 2.79 (0.17—45.01) 0.47

ENT anomaly
CV disease/Chest disease
Gl disease

1

Abbreviations: ENT, Ear nose throat; Hb, hemoglobulin; MSSA, methicillin-susceptible S. aureus; MRSA, methicillin-resistant S. aureus;
SSTls, skin and soft tissue infections; SSSS, staphylococcal scalded skin syndrome; WBC, white blood cell count.

—, Not applicable.
*P < 0.05.

patients with community-acquired bacterial lymphadenitis
also have the similar result.”* However, the association
between age or local lymph node reaction and CA-MSSA
SSTIs has not been widely recognized.

The pathogenesis of human infections caused by the S.
aureus has been previously shown to rely on acquiring iron
from host hemoproteins.?> The iron-regulated surface
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determinant system (Isd) encodes a heme transport appa-
ratus to scavenge iron from hemoglobin. It represents avital
virulence strategy for S. aureus replication in host tissues
and the establishment of persistent staphylococcal in-
fections.?® Some studies point that exotoxin production of
S. aureus would be shut down due to high exposure to he-
moglobin components whenever it gets access to the
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bloodstream. The S. aureus makes coagulases and quickly is
walled off from the host through the formation of ab-
scesses. This action may allow S. aureus to make exotoxin
needed for spread and disease production and protect from
the human immune system.?® In our study, patient with
higher hemoglobin values had more possibilities for CA-
MRSA SSTIs. The virulence factor of CA-MRSA might
partially explain it for the acquisition of iron from hemo-
globin.?”»?® Further studies are needed to validate the as-
sociations between hemoglobin value and S. aureus SSTIs.

Some animal studies have proposed that PVL is a major
virulence determinant.?’ Presence of PVL genes is primarily
associated with skin infections such as furunculosis and skin
abscesses and is not limited to MRSA strain.> Although cli-
nicians are concerned primarily with CA-MRSA infections,
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Frequency of S. aureus (included proportions of MRSA and MSSA) isolates from 2010 to 2019.

MSSA infections can also present similar epidemiologic and
clinical features.*® Some studies even point out that MSSA
strains may cause more severe infections, related to the
higher prevalence of virulence genes in MSSA.>' The precise
epidemiology of PVL-positive MSSA is not well known. Ac-
cording to previous studies in Taiwan, the proportion of
MSSA strains containing the PVL gene has been reported to
range from 8.4% to 19.7%.3%33 However, there was no PVL
PCR testing in our hospital microbiologic laboratory. We
could not know the precise proportion of the PVL gene in
our S. aureus isolates. In our study, the CA-MSSA group was
generally younger and had more comorbidities than the CA-
MRSA group. The reasons why the CA-MSSA group needed
surgery more in our study might be explained by the inex-
perience immune system due to younger age, more
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Table 4 Antibiotic susceptibility of Staphylococcus aureus isolates from hospitalized children with SSTIs.

Antibiotics MSSA Susceptibility (%)

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

(N=11) (N=6) (N=11) (N=15 (N=15) (N=14) (N=15 (N=24) (N=14) (N =17)
Penicillin 0 16.7 9.1 46.7 33.3 0 13.3 16.7 14.3 17.6
Oxacillin 100 100 100 100 100 100 100 100 100 100
Erythromycin 36.4 50 54.5 53.3 60 85.7 467 45.8 42.9 82.4
Clindamycin 45.5 83.3 72.7 66.7 60 100 73.3 83.3 92.9 94.1
Ampicillin 100 100 100 100 100 100 100 100 100 100
/Sulbactam
TMP-SMX 100 100 100 100 100 92.8 93.3 100 100 94.1
Cefazolin 100 100 100 100 100 100 100 100 100 100

MRSA Susceptibility (%)

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

(N=35 (N=35 (N=32) (N=35 (N=35 (N=34) (N=37) (N=43) (N=41) (N = 36)
Oxacillin 0 0 0 0 0 0 0 0 0 0
Clindamycin 22.9 171 9.4 5.7 17.1 35.3 43.2 53.5 63.4 61.1
TMP-SMX 100 94.3 96.9 100 100 100 100 100 100 94.4
Rifampicin 100 100 96.9 100 100 100 100 100 100 100
Vancomycin 100 100 100 100 100 100 100 100 100 100
Linezolid 100 100 100 100 100 100 100 100 100 100
Tigecycline 100 100 100 100 100 100 100 100 100 100
Fusidic acid 100 100 96.9 100 97.1 97.1 100 100 100 97.2
Teicoplanin 100 100 100 100 100 100 100 100 100 100
Daptomycin® — — 100 100 100 100 100 100 100 100

MSSA Susceptibility (N = 142), N (%) MRSA Susceptibility (N = 363), N (%) P value

Oxacillin 142 (100%) 0 (0%) <0.001*
Clindamycin 111 (78.2%) 124 (34.2%) <0.001*
TMP-SMX 139 (97.9%) 358 (98.6%) 0.552

2 Daptomycin was only used in 2012—2019.

Abbreviations: MRSA, methicillin-resistant S. aureus; MSSA, methicillin-susceptible S. aureus; TMP-SMX, Trimethoprim-sulfamethoxa-

zole.
—, Not applicable.
*P < 0.05.

comorbidities, and possibly more PVL genes than in the CA-
MRSA group. Further studies are needed to elucidate the
precise PVL prevalence in CA-MSSA more clearly.

In the literature, as many as 70% of patients with a pri-
mary SSTI, especially for MRSA infection, develop a recur-
rent SSTI within one year.>* A previous study demonstrated
that those who received IDSA guideline-recommended sys-
temic antibiotics were significantly less likely to remain S.
aureus colonized at follow-up one month in pediatric pa-
tients with S. aureus SSTI and concurrent S. aureus colo-
nization.>®> Basically, incision and drainage of purulent
lesions combined with systemic antibiotic use seemed to
yield optimal clinical outcomes. The appropriate therapies
for recurrent infections in our study were performing inci-
sion and drainage for purulent lesions and considering
adjusting empiric antibiotics according to the antimicrobial
susceptibility result and clinical response.

In the past, antimicrobial susceptibility patterns have
been used to discriminate between CA-MRSA and HA-MRSA
strains. However, this approach is now unreliable because
CA-MRSA may also acquire resistance to non-B-lactam
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antibiotics.*® Clindamycin is an option for staphylococcal
SSTIs due to its good distribution in the skin and wound
exudates in the USA.>” However, a different scenario was
noted in Taiwan, where most CA-MRSA was resistant to
clindamycin and erythromycin. The antibiotic susceptibility
patterns of CA-MRSA in our study were also compatible with
it. Clindamycin alone is no longer appropriate for children
with severe diseases possibly caused by S. aureus infection
in Taiwan. Empiric glycopeptides (vancomycin or teicopla-
nin) or linezolid use should be considered.*

Limitations

This study had several limitations. First, given the retro-
spective, single-center design of the study, the data sour-
ces are not standardized, and documentation may be
inconsistent or unavailable, which may limit the general-
izability of our findings. Incorrect ICD-9/ICD-10 coding may
have resulted in the exclusion of some patients from the
analysis, and misclassification of exposures and outcomes is
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a potential source of bias. To minimize this, we performed
a structured chart review using a standard data collection
form, with predefined definitions for each variable. Due to
variability in the laboratory assessment of children with
SSTls presenting to different divisions, there is potential for
ascertainment bias in our results concerning laboratory
values. Another limitation is that we could not perform
molecular genotyping for the isolates in the hospital labo-
ratory, as most of these isolates were not available for
analysis.

In addition, our study population was limited to chil-
dren. The epidemiologic and clinical characteristics may
differ in adults due to different colonization patterns and
immunity compared with children. Last but not least,
whether microbiological studies accurately determine the
responsible pathogens for SSTIs or not in unclear. Most
cases of SSTIs are non-culturable as reported by previous
studies, and our study was no exception.'?*® Among cul-
turable cases, the specificity of isolated pathogens (espe-
cially from swab cultures) is doubtful. S. aureus is often co-
cultured with beta-hemolytic streptococci in swab cul-
tures.'>'* In one of those studies, most patients from which
S. aureus was cultured had confirmed or probable strep-
tococcal infections. Several patients with swab cultures
positive for penicillin-resistant S. aureus responded to
penicillin monotherapy.’ Some studies using polymerase
chain reaction (PCR) and pyrosequencing techniques have
questioned the general principle that streptococci and S.
aureus are the main bacterial etiologies of cellulitis.?**
One of those two studies showed that S. aureus was
detected by PCR via skin biopsies taken from both infected
and uninfected skin. Furthermore, the pyrosequencing
technique was used and identified abundant atypical bac-
teria in addition to streptococci and staphylococci. Both
streptococci and S. aureus were detected with a similar
frequency in infected and uninfected skin tissues.>° Ac-
cording to pyrosequencing data in those studies, neither
streptococci nor S. aureus are the most abundant patho-
gens detected. This therefore supports the theory that
immune response to atypical bacteria may partly explain
the pathology of cellulitis, which is a hypothesis supported
by the low yield of cultures.**°

Conclusions

In conclusion, S. aureus is the leading pathogen of SSTIs in
hospitalized children. Age <1 month and local lymph node
reaction, appear to be factors associated with CA-MSSA, but
no variables were independently associated with CA-MRSA.
More local epidemiologic data are needed to elucidate and
identify the predictors for CA-MRSA SSTIs. We found that
MRSA is increasing as a cause of skin and soft tissue in-
fections, but MSSA might remain a more common cause of
invasive infections. Determining the optimal empirical
antibiotic choice in community-acquired S. aureus SSTls is
still a challenge to clinicians. Clinicians might consider
oxacillin in combination with an anti-MRSA antibiotic as
empiric therapy in critically ill patients with suspected
invasive staphylococcal infections. Continued surveillance
is warranted, as the epidemiology of SSTIs can change
constantly.
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