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Purpose: This study analyzed the epidemiology and antimicrobial resistance of dermatology patients to supplement general
surveillance with dermatology-related data, guide the prudent use of antimicrobials, provide a template for antimicrobial stewardship
programme and interrupt the spread of drug-resistant bacteria.

Methods: A retrospective study analyzed bacterial isolates from dermatology patients between 2018 and 2023. Statistical analysis
was carried out using WHONET 2023, IBM SPSS 26, Excel 2021, and R 4.3.3, using chi-square and Cochran-Armitage tests to
identify differences and trends.

Results: The study found the bacterial isolation rate of 32.88% in dermatology patients. Positive cultures were more common in
males, aged 60 or older, outpatients, and dermatologic surgery patients. Gram-positive bacteria (GPB) isolation rates increased from
2018 to 2020 and decreased thereafter. Secretion was most common in positive specimen types. Primary infections had higher isolation
rates than secondary infections. Eczema, dermatitis, and herpes zoster were the most diagnosed skin conditions. Staphylococcus aureus
was the most common pathogen, while coagulase-negative Staphylococcus (CoNS) exhibited higher antimicrobial resistance.
Clindamycin resistance in B-hemolytic Streptococcus (BHS) and tetracycline resistance in Enterococcus spp. were the highest
among GPB. Except for ampicillin, the resistance rates of Enterobacterales to common antimicrobials were below 30%.
Acinetobacter baumannii and Pseudomonas aeruginosa exhibited low antimicrobial resistance to most common antimicrobials.
Rates of methicillin-resistant S. aureus and CoNS (MRSA and MRCoNS), and carbapenem-resistant A. baumannii (CRAB) decreased
while erythromycin-resistant BHS (ERBHS), linezolid-resistant Enterococcus (LRE), extended-spectrum f-lactamases-producing
Enterobacterales (ESBL-E), and carbapenem-resistant P. aeruginosa (CRPA) rates increased, and carbapenem-resistant
Enterobacterales (CRE) rates remained stably low.

Conclusion: The findings revealed that the bacterial distribution and antimicrobial resistance patterns among dermatology patients
exhibit distinct characteristics. Ongoing surveillance is crucial for tracking these patterns and supporting informed decisions on anti-
infective therapies.
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Introduction

The skin barrier protects the human body from invasion by exogenous and pathogenic microorganisms.' Due to the
damage caused by dermatological conditions to the skin barrier, patients are susceptible to primary or secondary skin and
soft tissue infections (SSTIs), which are localized and less systemic. Bacterial infections are common among dermatol-
ogy patients and can be classified into primary and secondary categories.” Primary SSTIs typically develop on seemingly
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healthy and intact skin, such as impetigo, folliculitis, furuncle, etc. Secondary SSTIs, on the other hand, are caused by
preexisting skin diseases or damage, such as lesions, burns, eczema, or herpes zoster. Due to these conditions, the skin
loses its resistance to pathogenic bacteria. Treatment by antimicrobials is one of the main approaches used by modern
medicine to combat infectious diseases, include SSTIs.>* At the same time, antimicrobial resistance caused by overuse
not only has a negative impact on the general hospital patients but also on dermatology hospital patients. Notably,
antimicrobial-resistant bacteria have emerged and spread among dermatology patients, especially those included in World
Health Organization (WHO) Bacterial Priority Pathogens List (BPPL) or classified as multidrug-resistant (MDR)
bacteria.” Because infections are often significantly harder and more expensive to treat, these drug-resistant bacteria
have been a threat to public life and property.”® Effectively curbing the emergence and proliferation of drug-resistant
bacteria is of paramount importance,’ particularly in dermatology, where the resistance of isolated bacteria tends to be
initially low.

Currently, research on bacterial epidemiology and antimicrobial resistance in China predominantly focuses on
comprehensive statistics from general hospital patients, such as China Antimicrobial Resistance Surveillance System
(CARSS) and China Antimicrobial Surveillance Network (CHINET), or specialized studies related to SSTIs, like the
SSTIs Surveillance Network of Staphylococcus aureus in Pediatrics in China.'® However, there is relatively limited
research on long-term, comprehensive infections in patients from dermatology specialty hospitals. Infections in derma-
tology patients are not limited to SSTIs but may also involve concurrent infections in other sites, including bloodstream,
lung, and urinary tract, etc. Moreover, the differences in patient complexity, pathogen species, and antimicrobial exposure
between dermatology and general hospitals lead to variations in bacterial drug resistance dynamic patterns. Therefore, the
aims of the 6-year retrospective study are to provide and analyze the results, changes and trends of the distribution and
antimicrobial resistance of bacteria isolated from patients in a tertiary dermatology hospital in Hangzhou, China, from
2018 to 2023. As Zhejiang Dermatosis Clinical Diagnosis and Treatment Technology Guidance Center, Zhejiang
Dermatology Research Center of Integrated Traditional Chinese and Western Medicine, the source of visiting patients
is not limited to Hangzhou, thus possessing a certain regional representativeness. We expect this study to contribute more
comprehensive information for the overall surveillance of China in terms of infections among dermatology patients,
offering reference for comprehensive anti-infective therapy, appropriate use of antimicrobial agents, delaying the rise of

bacterial resistance, and mitigating the emergence and spread of drug-resistant bacteria.'""'?

Materials and Methods

Data Enrollment

We conducted a retrospective study involving patients’ information, bacteriological test results from a tertiary dermatol-
ogy hospital in Hangzhou, Zhejiang Province, China, spanning from January 1, 2018 to December 31, 2023. Only the
first isolate per patient per episode was included in the analysis to eliminate bias caused by duplicate isolates.
Mycological and virological findings were excluded from this study. The resistance rates to antimicrobials were collected
in the data. All the data were acquired from the hospital Laboratory Information System (LIS).

Strain ldentification and Antimicrobial Susceptibility Testing

Samples were collected and examined according to the routine laboratory protocols, including secretion, throat swab,
puncture fluid, abscess, urine, skin, swab, sputum, blood, and pus, among others. All the samples were inoculated on
Sheep Blood Agar (Autobio, China), Chocolate Agar (Autobio, China) or China Blue Agar (Biocell, China) and
incubated at 35°C, 5% CO,, for 2448 h. The isolated bacteria strains were identified by Matrix-assisted Laser
Desorption/Ionization Time-of-flight Mass Spectrometry system (MALDI-TOF MS, Bruker Daltonik MALDI
Biotyper, BD Company, USA). The antimicrobial susceptibility testing (AST) of isolates was performed using an
automatic instrument with AST cards (Vitek 2 Compact system, bioMérieux Company, France). These AST cards utilize
unique fixed panels of antimicrobial agents specifically designed for Staphylococcus and Enterococcus (GP67, P639),
Enterobacterales (GN16, N334), and non-fermenting Gram-negative bacteria (N335). In addition, disk-diffusion (Oxoid,
UK) or E-test (Bio-kont, China) method on Mueller Hinton Agar (MHA, Autobio, China) for supplemental test, MHA
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with blood (Bio-kont, China) for Streptococcus, or Haemophilus test medium (HTM, Bio-kont, China) for Haemophilus
influenzae. The AST procedures were conducted in accordance with both the contemporary manufacturer’s instructions
and the Clinical and Laboratory Standards Institute (CLSI) guidelines effective during the respective year of testing. The
defined results were interpreted as susceptible (S), intermediate (I), and resistant (R) according to the minimal inhibitory
concentration (MIC) and zone diameter interpretive breakpoints recommended by CLSI. The internal quality control
strains include Staphylococcus aureus ATCC 25923 and 29213, Escherichia coli ATCC 25922, Pseudomonas aeruginosa
ATCC 27853. Internal quality controls (IQCs) of culture media, antimicrobial disks, and pathogen identification on the
MALDI Biotyper were conducted once a week. Moreover, IQCs of AST for the Vitek 2 Compact system and E-test were
conducted once a month or before using the new batch. Furthermore, the laboratory participated in the external quality
assessment for bacterial identification and AST of the National Center for Clinical Laboratories, China.
Methicillin-resistant S. aureus (MRSA) and coagulase-negative Staphylococcus (MRCoNS), erythromycin-resistant
B-hemolytic Streptococcus (ERBHS), high-level aminoglycoside-resistant Enterococcus (HLAR), linezolid-resistant
Enterococcus (LRE), extended-spectrum B-lactamases-producing Enterobacterales (ESBL-E), carbapenem-resistant
Enterobacterales (CRE), carbapenem-resistant Acinetobacter baumannii (CRAB), and carbapenem-resistant
P. aeruginosa (CRPA) were defined based on their resistance to antimicrobial agents.>®'* ESBL test necessitates
using both cefotaxime and ceftazidime, alone and in combination with clavulanate, and a > 5-mm increase in a zone
diameter or a > 3 2-fold concentration decrease in an MIC for either antimicrobial agent tested in combination with
clavulanate vs result of the agent when tested alone = ESBL. CRE are Enterobacterales resistant to imipenem or
ertapenem. CRAB and CRPA refer to 4. baumannii and P. aeruginosa that are resistant to imipenem or meropenem.

Statistical Analysis

Since this study was conducted using a population-based surveillance design, formal power calculations were not
required. Statistical analysis was performed using WHONET 2023, IBM SPSS Statistics 26, Microsoft Excel 2021
and R software 4.3.3. WHONET 2023 facilitated the centralization and analysis of patients and isolates data, including
strains identification and resistance data obtained from LIS, and generated annual databases. A comprehensive database
was developed using Microsoft Excel 2021, encompassing patient details such as ID, gender, age, patient category,
department, and diagnosis. Additionally, the database included specimen type, strains identification information and
antimicrobial resistance data for the corresponding isolates obtained from WHONET 2023. Data from our study were
analyzed with IBM SPSS Statistics 26, Microsoft Excel 2021 and R software 4.3.3. The chi-square (x) test was
performed to compare the differences in proportion of positive cultures among the gender, age groups, patient categories,
departments, and diagnosis types. Further, the Cochran - Armitage test for linear trends was performed to evaluate the
significance of the annual trends in the proportion of different gram-stained bacteria and the changes of resistance to
antimicrobials. Z>0 indicated an upward trend, and Z<0 indicated a downward trend. Significance was set at P<0.05.

Results

Clinical Features of Patients

From 2018 to 2023, a total of 17678 dermatology patients were enrolled. The overall bacterial isolation rate was 32.88%.
The isolation rate in men (39.16%) was significantly higher than that in women (26.47%), with P<0.001, and the male-to-
female ratio was 1.51:1 (3497/2316). The overall isolation rate in the age group of >60 years (38.82%) was significantly
higher than that in the age group of <17 (35.33%, P<0.05) and 18-59 (28.55%, P<0.001) years. The isolation rates of
outpatients (48.07%) and surgical departments (51.94%) were significantly higher than that of inpatients (31.71%) and
medical departments (31.58%), respectively (P<0.001) (Table 1).

Distribution of Bacteria
Of 6212 bacterial isolates obtained, 11 dominant bacterial isolates were recorded (the number of isolates >100), including
S. aureus (46.97%), Staphylococcus epidermidis (7.44%), Klebsiella pneumoniae (6.83%), Staphylococcus haemolyticus
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Table | Clinical Features of Dermatology Patients

Clinical Features

2018 2019 2020 2021 2022 2023 Total
N (%) PN (%) N (%) PN (%) N (%) PN (%) N (%) PN (%) N (%) PN (%) N (%) PN (%) N (%) PN (%)

Gender
Male 1501 (50.71) 535 (35.64) 1619 (51.09) 527 (32.55) 1246 (49.44) 517 (41.49) 1308 (50.62) 579 (44.27) 1567 (50.96) 670 (42.76) 1688 (50.09) 669 (39.63) 8929 (50.51) 3497 (39.16)
Female 1459 (49.29) 359 (24.61) 1550 (48.91) 384 (24.77) 1274 (50.56) 356 (27.94) 1276 (49.38) 366 (28.68) 1508 (49.04) 418 (27.72) 1682 (49.91) 433 (25.74) 8749 (49.49) 2316 (26.47)
P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Age (Years)
<17 332 (11.22) 103 (31.02) 323 (10.19) 105 (32.51) 241 (9.57) 107 (44.40) 222 (8.59) 79 (35.59) 267 (8.68) 92 (34.46) 251 (7.45) 92 (36.35) 1636 (9.26) 578 (35.33)
18-59 1652 (55.81) 443 (26.82) 1793 (56.58) 436 (24.32) 1341 (53.21) 402 (29.98) 1443 (55.84) 481 (33.33) 1711 (55.64) 512 (29.92) 1727 (51.25) 486 (28.14) 9667 (54.68) 2760 (28.55)
260 976 (32.97) 348 (35.66) 1053 (33.23) 370 (35.14) 938 (37.22) 364 (38.38l) 919 (35.57) 385 (41.89) 1097 (35.68) 484 (44.12) 1392 (41.30) 524 (37.64) 6375 (36.06) 2475 (38.82)
P-value
<17 and 18-59 0.12 <0.05 <0.001 051 0.13 <0.05 <0.001
18-59 and 260 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
<17 and 260 0.13 0.38 0.11 0.09 <0.05 0.77 <0.05
Patient category
Out 253 (8.55) 109 (43.08) 234 (7.38) 115 (49.15) 162 (6.43) 84 (51.85) 203 (7.86) 90 (44.33) 243 (7.90) 128 (52.67) 172 (5.10) 83 (48.26) 1267 (7.17) 609 (48.07)
In 2707 (91.45) 785 (29.00) 2935 (92.62) 796 (27.12) 2358 (93.57) 789 (33.46) 2381 (92.14) 855 (35.91) 2832 (92.10) 960 (33.90) 3198 (94.90) 1019 (31.86) 16411 (92.83) 5204 (31.71)
P-value <0.001 <0.001 <0.001 <0.05 <0.001 <0.001 <0.001
Dermatology department
Medicine 2812 (95.00) 816 (29.02) 2870 (90.56) 796 (27.74) 2374 (94.21) 794 (33.45) 2470 (95.59) 874 (35.38) 2838 (92.29) 953 (33.58) 3182 (94.42) 992 (31.18) 16546 (93.60) 5225 (31.58)
Surgery 148 (5.00) 78 (52.70) 299 (9.44) 115 (38.46) 146 (5.79) 79 (54.11) 114 (4.41) 71 (62.28) 237 (7.71) 135 (56.96) 188 (5.58) 110 (58.51) 1132 (6.40) 588 (51.94)
P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Total 2960 (100) 894 (30.20) 3169 (100) 911 (28.75) 2520 (100) 873 (34.64) 2584 (100) 945 (36.57) 3075 (100) 1088 (35.38) 3370 (100) 1102 (32.70) 17678 (100) 5813 (32.88)

Abbreviations: N, number; PN, Positive number.
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Figure | Datasets for bacteria in dermatology patients from 2018 to 2023. (A) Distribution of isolated bacterial strains, (B) Trends of major gram-positive bacteria, (C)
Trends of major gram-negative bacteria.

(6.62%), E. coli (3.53%), P. aeruginosa (3.22%), Staphylococcus capitis (2.24%), Streptococcus agalactiae (2.24%),
Streptococcus dysgalactiae (2.21%), Streptococcus pyogenes (1.90%), and Enterococcus faecalis (1.87%) (Figure 1A).

In positive cultures, Gram-positive bacteria (GPB) and Gram-negative bacteria (GNB) accounted for 78.93% and
21.07% of the bacterial isolates, respectively. Although no significant trend was observed in the 6-year isolation rate of
GPB overall (P=0.38), annual data revealed completely divergent trends before and after 2020. From 2018 to 2020, the
isolation rate of GPB showed an upward trend (76.55%-82.05%, Z=2.97, P<0.01). However, from 2020 to 2023, this
isolation rate exhibited a downward trend (82.05%-78.93%, Z=—2.60, P<0.01) (Table 2).

Among the major GPB, the isolation rate of S. aureus exhibited a downward trend from 48.26% to 42.20% (Z=4.07,
P<0.001), while that of coagulase-negative Staphylococcus (CoNS) showed an upward trend from 17.14% to 24.15%
(Z=4.02, P<0.001) (Figure 1B). Meanwhile, the isolation rate fluctuations of major GNB, including Enterobacterales,
P aeruginosa, and A. baumannii were all less than 1%, with all P-values >0.05 (Figure 1C).

Distribution of Bacterial Isolates from Different Clinical Specimens

The major 10 types of specimens accounted for 99.45% of all 6345 bacterial culture-positive clinical specimens.
Secretion was consistently the top specimen type in six years. S. aureus had the highest isolation rates in secretion,
throat swab, puncture fluid, skin abscess, skin, blood, and pus samples, ranging from 35.86% (blood) to 62.39% (skin),
with a rate of 21.43% in sputum, second to K. pneumoniae (28.02%). E. coli (46.56%) and S. haemolyticus (26.18%)
exhibited the highest isolation rates in urine and swab, respectively (Table 3).

Table 2 Isolation of Gram-Positive Bacteria and Gram-Negative Bacteria

Gram Stain Type 2018 N (%) 2019 N (%) 2020 N (%) 2021 N (%) 2022 N (%) 2023 N (%) Total N (%) 2018-2023 2018-2020 2020-2023

z P-value z P-value z P-value
GPB 728 (76.55) 779 (81.06) 745 (82.05) 817 (79.24) 920 (77.90) 914 (77.46) 4903 (78.93) —-0.87 0.38 297 <0.01! —2.60 <0.01
GNB 223 (23.45) 182 (18.94) 163 (17.95) 214 (20.76) 261 (22.10) 266 (22.54) 1309 (21.07) 0.87 0.38 -2.97 <0.01 2.60 <001
Total 951 (100) 961 (100) 908 (100) 1031 (100) 1181 (100) 1180 (100) 6212 (100) NA NA NA NA NA NA

Abbreviations: N, number; NA, Not applicable; GPB, Gram-positive bacteria; GNB, Gram-negative bacteria.
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Table 3 Isolation of Major Bacteria from Different Specimens

Specimens | SAUN (%) | SEP N (%) | KN N (%) | SHLN (%) | ECON (%) | PAEN (%) | SGC N (%) | SCAN (%) | SDY N (%) | SPY N (%) | EFA N (%) | Other N (%) | Total N (%)*
Secretion 1617 (49.54) | 296 (9.07) 80 (2.45) 245 (7.51) 46 (1.41) 118 (3.62) 56 (1.72) 91 (2.79) 75 (2.30) 38 (1.16) 66 (2.02) 536 (1642) | 3264 (51.44)
Throat swab | 544 (54.78) 8 (0.81) 257 (25.88) 13 (1.31) 3 (0:30) 10 (1.01) 8 (0.81) 1 (0.10) 24 2.42) 56 (5.64) 0(0) 69 (6.95) 993 (15.65)
Puncture fluid | 291 (57.40) | 48 (9.47) 2 (0.39) 38 (7.50) 1 (020) 17 (3.35) 13 (2.56) 1 @.17) 15 (2.96) 5 (0.99) 6(1.18) 60 (11.83) 507 (7.99)
Abscess, skin | 251 (59.20) | 21 (4.95) 7 (1.65) 24 (5.66) 7 (1.65) 22 (5.19) 13 (3.07) 6 (1.42) 13 (3.07) 10 (2.36) 6 (1.42) 44 (10.38) 424 (6.68)
Urine 8 (2.62) 6 (1.97) 21 (6.89) 4(131) 142 (46.56) 0 (0) 20 (6.56) 0 (0) 0(0) 0(0) 29 (9.51) 75 (24.59) 305 (4.81)
Skin 136 (62.39) 9 (4.13) 3(1.38) 19 (8.72) 3(1.38) 6 (2.75) I (0.46) 9 (4.13) 5 (229) 0(0) I (0.46) 26 (11.93) 218 (3.44)
Swab 26 (1361) | 43 (2251) 5 (2.62) 50 (26.18) 3(157) 1 (0.52) 23 (12.04) 7 (3.66) 1 (0.52) 2 (1.05) 5 (2.62) 25 (13.09) 191 (3.01)
Sputum 39 (21.43) I (0.55) 51 (28.02) I (055) 13 (7.14) 24 (13.19) 2 (1.10) 0 (0) 2 (1.10) 3 (1.65) 0(0) 46 (25.27) 182 (2.87)
Blood 52 (35.86) | 25 (17.24) 1 (0.69) 15 (10.34) 6 (4.14) 0 (0) 2 (1.38) 12 (828) 2 (1.38) 1 (0.69) 3 (2.07) 26 (17.93) 145 (2.29)
Pus 40 (49.38) 6 (7.41) 1(1.23) 6 (7.41) 1 (1.23) 5 (6.17) 2 (247) 2 (247) I (1.23) 2 (247) 0(0) 15 (18.52) 81 (1.28)
Other 14 (40.00) 0(0) 2 (5.71) 00 2 (5.71) 0(0) I (2.86) I (2.86) 0(0) 3 (857) 0(0) 12 (34.29) 35 (0.55)
Total 3018 (47.57) | 463 (7.30) | 430 (6.78) | 415(6.54) | 227 (3.58) | 203 (3.20) 141 (2.22) 140 (2.21) 138 (217) | 120(1.89) | 116(1.83) | 934 (1472 6345 (100)

Notes: *The % in this column represents the percentage of total isolated bacteria in each specimen type relative to the total isolated bacteria in all specimen types, while the remaining % indicates the percentage of isolated bacterial
species in each specimen type relative to the total isolated bacteria in that specific specimen type.
Abbreviations: N, number; SAU, S. aureus; SEP, S. epidermidis; KPN, K. pneumoniae; SHL, S. haemolyticus; ECO, E. coli; PAE, P. aeruginosa; SGC, S. agalactiae; SCA, S. capitis; SDY, S. dysgalactiae; SPY, S. pyogenes; EFA, E. faecalis.
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Distribution of Diseases and Associated Bacteria
In this study, a total of 18220 cases were diagnosed across all submitted specimens, encompassing primary SSTIs,
secondary SSTIs, and infections at other sites. The isolation rate of primary SSTIs was 44.09%, which was significantly
higher than that of secondary SSTIs at 31.91% (P<0.001) (Table 4).

The top fifteen diagnoses (the number of cases >100) accounted for 80.22% of all cases included. S. aureus was
consistently the most prevalent pathogen isolated from each of these fifteen diagnoses, with the isolation rates ranging
from 24.03% (ulcer) to 68.00% (erythroderma). The isolation rates of S. epidermidis and K. pneumoniae ranged from
0.95% (vasculitis) to 18.54% (herpes zoster) and 1.56% (SSTIs, other) to 22.86% (urticaria), respectively (Table 5).

Antimicrobial Resistance Analysis

S. aureus isolated from dermatology patients exhibited the highest resistance rate to penicillin (87.73%). The resistance
rates to erythromycin, clindamycin, trimethoprim/sulfamethoxazole and gentamicin exhibited downward trends from
54.90% to 43.78% (Z=—3.43, P<0.001), 52.07% to 40.96% (Z=—3.03, P<0.01), 18.30% to 7.43% (Z=—4.91, P<0.001),
and 11.55% to 5.22% (Z=-3.17, P<0.01), respectively. CoNS exhibited higher resistance rates to most antimicrobials
compared to S. aureus. Erythromycin resistance of CoNS was the highest among GPB. No resistant strains of S. aureus
and CoNS to ceftaroline (S. aureus only), daptomycin, vancomycin, teicoplanin, nitrofurantoin (CoNS only), linezolid,
and tigecycline were isolated (Tables 6 and 7).

BHS isolated from dermatology patients exhibited high resistance rates to erythromycin (71.98%), clindamycin
(69.54%), and tetracycline (69.37%), respectively, with clindamycin resistance being the highest among GPB. No
resistant strains of BHS to penicillin, cefotaxime, ceftriaxone, and vancomycin were isolated. (Table 8).

Enterococcus spp. isolated from dermatology patients, including E. faecalis (116 strains), E. faecium (7 strains), and
E. avium (1 strains), exhibited high resistance rates to tetracycline (80.28%) and erythromycin (65.32%), respectively,
with tetracycline resistance being the highest among GPB. Notably, linezolid resistance rate of Enterococcus spp. reached
12.40%. In comparison, Enterococcus spp. showed lower resistance to penicillin (8.06%), ampicillin (7.26%), and
nitrofurantoin (4.29%). No resistant strains isolated for daptomycin, vancomycin, teicoplanin, and tigecycline. (Table 9).

Enterobacterales isolated from dermatology patients exhibited the highest resistance rates to ampicillin (73.26%). The
resistance rate to ceftriaxone (18.12%) was higher than that to ceftazidime (6.42%, P<0.001). Notably, resistance rates to
cefepime demonstrated an upward trend (Z=3.34, P<0.001). Enterobacterales showed low resistance to P-lactam
combination agents and carbapenems, including amoxicillin/clavulanic acid (8.96%), cefoperazone/sulbactam (1.35%),
piperacillin/tazobactam (3.17%), ertapenem (1.16%) and imipenem (1.65%). The resistance rate to cefoxitin (7.33%)
exhibited a downward trend from 14.84% to 3.36% (Z=—3.00, P<0.01). For aminoglycosides, gentamicin (15.26%) and
tobramycin (15.22%) had higher resistance rates than amikacin (2.21%, both P<0.001). Among quinolones, the overall
resistance rate to ciprofloxacin (27.57%) was higher than that to levofloxacin (20.04%, P<0.001). No strains resistant to
tigecycline were isolated (Table 10).

The overall resistance rates of 4. baumannii isolated from dermatology patients to antimicrobials were all below 13%.
The overall resistance rates to imipenem and meropenem were 6.85% and 3.57% respectively. No resistant strains to
cefoperazone/sulbactam, amikacin, colistin, and tetracyclines were isolated (Table 11).

P. aeruginosa isolated from dermatology patients exhibited low antimicrobial resistance, with overall resistance rates
to tested antimicrobials being <10%, except for ticarcillin/clavulanic acid (19.75%). No resistant strains were isolated for
colistin, gentamicin and tobramycin (Table 12).

Distribution of Major Drug-Resistant Bacteria

MRSA, MRCoNS and CRAB decreased over the study period. MRSA decreased from 18.95% to 14.86%, with a peak of
19.92% in 2021 (Figure 2A). MRCoNS decreased from 63.80% to 61.40%, with a trough of 56.07% in 2022 (Figure 2B).
CRAB fluctuated greatly, from 6.67% to 0%, reaching a peak of 18.18% in 2021, and the lowest rates of 0% in both 2020
and 2023 (Figure 2C).
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Table 4 Isolation Rates of the Different Diagnosis Types in Dermatology Patients

Types 2018 2019 2020 2021 2022 2023 Total

N (%) PN (%) N (%) PN (%) N (%) PN (%) N (%) PN (%) N (%) PN (%) N (%) PN (%) N (%) PN (%)
Primary SSTIs 278 (9.07) 131 (47.12) 286 (8.73) 143 (50.00) | 314 (12.15) | 137 (43.63) | 296 (I11.15) | 120 (40.54) 230 (7.27) 90 (39.13) 254 (7.31) 110 (4331) 1658 (9.10) 731 (44.09)
Secondary SSTls 2481 (80.92) | 711 (28.66) | 2590 (79.03) | 700 (27.03) | 2128 (82.32) | 715 (33.60) | 2206 (83.12) | 793 (35.95) | 2883 (91.18) | 1007 (3493) | 3176 (91.37) | 1009 (31.77) | 15464 (84.87) | 4935 (31.91)
Other sites infections | 307 (10.01) 78 25.41) | 401 (1224) | 85 (21.20) 143 (5.53) 39 (27.27) 152 (5.73) 57 (37.50) 49 (1.55) 16 (32.65) 46 (1.32) 9 (19.57) 1098 (6.03) 284 (25.87)
Total 3066 (100) | 920 (30.01) | 3277 (100) | 928 (28.32) | 2585 (100) | 891 (3447) | 2654 (100) | 970 (36.55) | 3162 (100) 1113 (3520) | 3476 (100) 1128 (32.45) 18220 (100) | 5950 (32.66)
P-value* <0.001 <0.001 <0.001 0.12 020 <0.001 <0.001

Note: *Primary SSTIs & Secondary SSTls.

Abbreviations: N, number; PN, Positive number.
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Table 5 Isolation of Major Bacteria from Different Diagnoses

Diagnosis SAUN (%) | SEPN (%) | KPNN (%) | SHLN (%) | ECON (%) | PAEN (%) | SCAN (%) | SGCN (%) | SPYN (%) | EFAN (%) | Other N (%) | Total N (%)*
Eczema 587 (66.03) 40 (4.50) 31 (349) 53 (5.96) 19 (2.14) 16 (1.80) 11 (1.24) 11 (1.24) 9 (1.01) 20 (2.25) 92 (10.35) 889 (14.94)
Dermatitis 397 (57.96) 40 (5.84) 51 (7.45) 43 (6.28) 21 (3.07) 10 (1.46) 1 (1.6l) 12 (1.75) 6 (0.88) 8 (1.17) 86 (12.55) 685 (11.51)
Herpes zoster 195 (31.71) | 114 (18.54) 25 (4.07) 41 (6.67) 48 (7.80) 6 (0.98) 32 (5.20) 10 (1.63) 1 (0.16) 14 (2.28) 129 (20.98) 615 (10.34)
Urticaria 245 (61.56) 4(1.01) 91 (22.86) 0(0) 6 (151) 0(0) I (0.25) 5 (1.26) 5 (1.26) 3(0.75) 38 (9.55) 398 (6.69)
Skin cancer 146 (39.14) 33 (8:85) 20 (5.36) 21 (5.63) 10 (2.68) 28 (7.51) 7 (1.88) 7 (1.88) 0(0) 6 (1.61) 95 (25.47) 373 (6.27)
Pemphigus 162 (51.27) 22 (6.96) 11 (348) 24 (7.59) 12 (3.80) 8 (2.53) 4(1.27) 4(127) 3 (0.95) 5 (1.58) 61 (19.30) 316 (531
Psoriasis 144 (49.66) 18 (6.21) 19 (6.55) 19 (6.55) 7 (241) 2 (0.69) 18 (6.21) 12 (4.14) 10 (3.45) 2 (0.69) 39 (13.45) 290 (4.87)
$STIs, Other 153 (59.53) 16 (6.23) 4(1.56) 14 (5.45) 2 (0.78) 11 (4.28) 1 (0.39) 6 (2.33) 10 (3.89) 1 (0.39) 39 (15.18) 257 (4.32)
Erythema 101 (43.16) 10 (4.27) 44 (18.80) 9 (3.85) 9 (3.85) 7 (299) 6 (2.56) 4(1.71) 6 (2.56) 6 (2.56) 32 (13.68) 234 (3.93)
Infectious dermatitis 61 (38.61) 13 (8.23) 4(253) 13 (8.23) 5 (3.16) 12 (7.59) 3 (1.90) 7 (4.43) 8 (5.06) 3 (1.90) 29 (18.35) 158 (2.66)
Ulcer 31 (24.03) 7 (5.43) 6 (4.65) 8 (6.20) 4(3.10) 16 (12.40) 2 (1.55) 6 (4.65) 0(0) 2 (1.55) 47 (36.43) 129 (2.17)
Erysipelas 37 (32.17) 3(261) 2 (1.74) 6 (5.22) 1 (0.87) 6 (5.22) 4 (3.48) I 0.87) 6 (5.22) I 0.87) 48 (41.74) 115 (1.93)
Fungal skin infections | 48 (44.04) 5 (4.59) 3 (275) 10 (9.17) 2 (1.83) 17 (15.60) 0(0) 2 (1.83) 6 (5.50) 2 (1.83) 14 (12.84) 109 (1.83)
Vasculitis 46 (4381) I (0.95) 12 (11.43) 6 (571) 5 (4.76) 9 (857) 3 (2.86) 3 (2.86) 3 (2.86) 0(0) 17 (16.19) 105 (1.76)
Erythroderma 68 (68.00) 3 (3.00) 5 (5.00) 9 (9.00) 3 (3.00) 3 (3.00) I (1.00) 00 1 (1.00) 2 (2.00) 5 (5.00) 100 (1.68)
Other 481 (40.87) | 110 (9.35) 8l (6.88) 117 (9.94) 38 (3.23) 33 (2.80) 30 (2.55) 37 (3.14) 37 (3.14) 30 (2.55) 183 (15.55) 1177 (19.78)
Total 2902 (48.77) | 439 (7.38) 409 (6.87) 393 (6.61) 192 (3.23) 184 (3.09) 134 (2.25) 127 (2.13) 111 (1.87) 105 (1.76) 954 (16.03) 5950 (100)

Notes: *The % in this column represents the percentage of total isolated bacteria in each diagnosis relative to the total isolated bacteria in all diagnoses, while the remaining % indicates the percentage of isolated bacterial species in each
diagnosis relative to the total isolated bacteria in that specific diagnosis.
Abbreviations: N, number; SAU, S. aureus; SEP, S. epidermidis; KPN, K. pneumoniae; SHL, S. haemolyticus; ECO, E. coli; PAE, P. aeruginosa; SCA, S. capitis; SGC, S. agalactiae; SPY, S. pyogenes; EFA, E. faecalis.
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Table 6 Antimicrobial Resistance of Staphylococcus aureus

Year 2018 2019 2020 2021 2022 2023 Total z P-value
N R (%) N R (%) N R (%) N R (%) N R (%) N R (%) N R (%)

Penicillin 459 | 404 (88.02) | 478 | 421 (88.08) | 453 | 392 (86.53) | 522 | 467 (89.46) | 508 | 447 (87.99) | 498 | 429 (86.14) | 2918 | 2560 (87.73) | —0.54 0.59
Oxacillin 459 | 87(1895) | 478 | 77 (16.11) | 453 | 74 (1634) | 522 | 104 (1992) | 508 | 90 (17.72) | 498 | 74(1486) | 2918 | 506 (17.34) | —0.83 041
Ceftaroline NA NA NA NA NA NA NA NA 504 0(0) 488 0 (0) 992 0 (0) NA NA
Gentamicin 459 | 53(11.55) | 478 | 38(795) | 453 | 25(552) | 522 | 34(651) | 508 | 38(748) | 498 | 26(522) | 2918 | 214(733) | 3.7 | <00!
Rifampin 458 0 (0) 477 1 (021) 452 1 0.22) 521 2 (0.38) 508 4(0.79) 498 I 0.20) 2914 9 (0.31) 1.36 021%
Ciprofloxacin 458 | 42(9.17) | 477 | 50(1048) | 452 | 44(973) | 500 | 52(1040) | NA NA NA NA 1887 188 (9.96) 0.48 0.63
Levofloxacin 459 | 42(9.15) | 478 | 50(1046) | 453 | 44(971) | 522 | 53(10.15) | 508 | 54(1063) | 498 | 47 (9.44) | 2918 | 290 (9.94) 0.20 0.84
Moxifloxacin 458 | 34(742) | 477 | 43(901) | 451 38(843) | 521 | 41(787) | 508 | 39(768) | 498 | 42(843) | 2913 | 237 8.14) 0.03 098
Trimethoprim/Sulfamethoxazole | 459 | 84 (1830) | 478 | 62(1297) | 453 | 54(1192) | 522 | 67(1284) | 508 | 52(1024) | 498 | 37(743) | 2918 | 356 (1220) | 491 | <0.001
Clindamycin 459 | 239 (52.07) | 478 | 217 (4540) | 453 | 190 (41.94) | 522 | 238 (4559) | 508 | 220 (4331) | 498 | 204 (40.96) | 2918 | 1308 (44.83) | -3.03 | <00l
Daptomycin NA NA NA NA NA NA NA NA 504 0 (0) 497 0 (0) 1001 0 (0) NA NA
Erythromycin 459 | 252 (54.90) | 478 | 242 (50.63) | 453 | 213 (47.02) | 522 | 262 (50.19) | 508 | 235 (46.26) | 498 | 218 (43.78) | 2918 | 1422 (48.73) | -3.43 | <0.00!
Nitrofurantoin 458 0 (0) 477 1 (021) 452 1 0.22) 500 2 (0.40) NA NA NA NA 1887 4(021) 129 0.28*
Linezolid 459 0 (0) 477 0 (0) 453 0(0) 522 0 (0) 508 0 (0) 498 0(0) 2917 0 (0) NA NA
Vancomycin 459 0 (0) 478 0 (0) 453 0(0) 522 0 (0) 508 0 (0) 498 0 (0) 2918 0 (0) NA NA
Quinupristin/Dalfopristin 458 | 122 (26.64) | 477 | 128 (26.83) | 452 | 109 (24.12) | 500 | 134 (26.80) | NA NA NA NA 1887 | 493 (26.13) | —0.22 0.83
Teicoplanin NA NA NA NA NA NA NA NA 508 0(0) 498 0(0) 1006 0 (0) NA NA
Tetracycline 459 | 93(2026) | 478 | 84 (1757) | 453 | 66 (1457) | 501 | 84(1677) | NA NA NA NA 1891 | 327(1729) | —1.69 0.09
Tigecycline 458 0 (0) 475 0 (0) 451 0(0) 519 0(0) 508 0 (0) 498 0 (0) 2909 0 (0) NA NA

Note: *Exact P-value.

Abbreviations: N, number; NA, Not applicable.
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Table 7 Antimicrobial Resistance of Coagulase-Negative Staphylococcus

Year 2018 2019 2020 2021 2022 2023 Total z P-value
N R (%) N R (%) N R (%) N R (%) N R (%) N R (%) N R (%)

Penicillin 163 | 144 (88.34) | 195 | 175(89.74) | 206 | 171 (83.01) | 202 | 166 (82.18) | 280 | 238 (85.00) | 285 | 243 (85.26) | 1331 | 1137 (8542) | —1.29 0.20
Oxacillin 163 | 104 (63.80) | 195 | 121 (62.05) | 206 | 131 (63.59) | 202 | 116 (57.43) | 280 | 157 (56.07) | 285 | 175 (61.40) | 1331 | 804 (60.41) | —1.19 023
Gentamicin 163 16 (9.82) 195 19 (9.74) | 205 10 (488) | 201 10 (498) | 279 17 (6.09) | 285 18 (6.32) 1328 90 (6.78) ~1.74 0.08
Rifampin 162 4 (2.47) 194 2 (1.03) 200 5 (2.50) 200 3 (1.50) 278 7 (2.52) 285 7 (2.46) 1319 28 (2.12) 0.54 0.62*
Ciprofloxacin 163 | 68 (4172) | 193 | 71 (3679) | 202 | 854208 | 198 | 69 (3485 | NA NA NA NA 756 | 293 (38.76) | —0.93 035
Levofloxacin 163 | 69 (4233) | 195 | 73(3744) | 206 | 85(4126) | 202 | 74(36.63) | 280 | 110 (39.29) | 285 | 106 (37.19) | 1331 | 517 (3884) | —0.82 041
Moxifloxacin 163 | 24 (1472) | 194 | 35(1804) | 202 | 40(19.80) | 200 | 24 (12.00) | 277 | 39 (1408) | 284 | 36(1268) | 1320 | 198 (15.00) | —1.63 0.10
Trimethoprim/Sulfamethoxazole | 163 | 48 (29.45) | 195 | 53 (27.18) | 206 | 56 (27.18) | 202 | 56 (27.72) | 280 | 50(17.86) | 285 | 57 (20.00) | 1331 | 320 (2404) | -323 | <0.0I
Clindamycin 162 | 83(5123) | 194 | 94 (48.45) | 206 | 88 (4272) | 202 | 85(42.08) | 280 | 140 (50.00) | 284 | 141 (49.65) | 1328 | 631 (47.52) | 023 038l
Daptomycin NA NA NA NA NA NA NA NA 260 0(0) 272 0 (0) 532 0 (0) NA NA
Erythromycin 163 | 128 (7853) | 195 | 149 (76.41) | 206 | 140 (67.96) | 202 | 130 (64.36) | 280 | 217 (77.50) | 285 | 207 (72.63) | 1331 | 971 (72.95 | —0.71 0.48
Nitrofurantoin 163 0 (0) 194 0(0) 201 0(0) 198 0 (0) NA NA NA NA 756 0 (0) NA NA
Linezolid 163 0 (0) 194 0 (0) 206 0 (0) 202 0(0) 280 0 (0) 285 0(0) 1330 0 (0) NA NA
Vancomycin 163 0 (0) 195 0 (0) 206 0 (0) 202 0 (0) 280 0 (0) 285 0(0) 1331 0 (0) NA NA
Quinupristin/Dalfopristin 163 | 46(2822) | 194 | 49(2526) | 202 | 54 (2673) | 198 | 46(2323) | NA NA NA NA 757 | 195(25.76) | —0.92 036
Teicoplanin NA NA NA NA NA NA NA NA 274 0 (0) 284 0 (0) 558 0 (0) NA NA
Tetracycline 163 | 52(31.90) | 195 | 47 (24.10) | 206 | 49 (2379) | 200 | 38(19.00) | NA NA NA NA 764 186 (2435) | —2.69 | <00l
Tigecycline 156 0 (0) 184 0 (0) 193 0 (0) 197 0 (0) 271 0 (0) 280 0(0) 1281 0 (0) NA NA

Note: *Exact P-value.

Abbreviations: N, number; NA, Not applicable.
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Table 8 Antimicrobial Resistance of f-Hemolytic Streptococcus

Year 2018 2019 2020 2021 2022 2023 Total z P-value
N R (%) N R (%) N R (%) N R (%) N R (%) N R (%) N R (%)
Penicillin 77 0 (0) 69 0 (0) 52 0 (0) 48 0 (0) 71 0 (0) 80 0(0) 397 0 (0) NA NA
Ceftriaxone NA NA NA NA NA NA NA NA 55 0 (0) 78 0(0) 133 0 (0) NA NA
Cefotaxime 76 0 (0) 64 0 (0) 52 0 (0) 48 0 (0) 16 0 (0) NA NA 256 0 (0) NA NA
Levofloxacin 77 14 (18.18) | 69 9 (13.04) 52 7 (13.46) 48 7(1458) | 71 8 (11.27) 80 14 (1750) | 397 | 59 (1486) | 02l 0.83
Clindamycin 77 | 516623) | 69 |51 (7391) | 52 | 39(75.00) | 48 | 31(6458) | 71 | 44(6197) | 77 | 58(7532) | 394 | 274 (6954) | 0.14 0.89
Erythromycin 76 | 51(67.11) | 64 | 49(7656) | 52 | 38(73.08) | 48 | 33(6875 |71 | 49(6901) | 78 | 60(76.92) | 389 | 280 (71.98) | 0.64 052
Vancomycin 77 0 (0) 69 0(0) 52 0 (0) 48 0 (0) 71 0 (0) 80 0 (0) 397 0(0) NA NA
Chloramphenicol | 76 5 (6.58) 64 4 (6.25) 51 4 (7.84) 48 5(1042) | 71 2 (2.82) 78 2 (2.56) 388 22 (5.67) -1.30 021%
Tetracycline 77 | 57(7403) | 69 | 497101 | 52 | 37(71.15) | 48 | 30(6250) | 71 | 48 (6761) | 78 | 53(67.95) | 395 | 274 (69.37) | —1.05 030

Note: *Exact P-value.

Abbreviations: N, number; NA, Not applicable.
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Table 9 Antimicrobial Resistance of Enterococcus spp.

Year 2018 2019 2020 2021 2022 2023 Total z P-value
N R (%) N R (%) N R (%) N R (%) N R (%) N R (%) N R (%)
Penicillin 12 0 (0) 18 | 3(l667) | 16 0 (0) 26 | (3.85) 27 | 3(1111) | 25 | 3(1200) | 124 | 10(806) | 080 0.48*
Ampicillin 12 0 (0) 18 | 3(l667) | 16 0 (0) 26 0 (0) 27 | 371111y | 25 | 3(1200) | 124 | 9(7.26) 0.82 0.46*
Gentamicin-High 12 | 4(3333) | 18 | 7(3889) | 16 | 10(6250) | 26 | 8(3077) | 27 | 9(33.33) | 25 | 10 (40.00) | 124 | 48 (38.71) | 03I 0.75
Streptomycin-High | 12 | 3(2500) | 18 | 3(l667) | 16 | 6(3750) | 25 | 8(32.00) | NA NA NA NA 71 | 20(28.17) | 090 0.41%
Ciprofloxacin 12 | 325000 | 18 | 6(3333) | 16 | 4(2500) | 25 | 6(2400) | NA NA NA NA 71 | 192676) | 035 | o08I*
Levofloxacin 12 | 325000 | 18 | 6(3333) | 16 | 4(2500) | 26 | 7(2692) | 27 | 14(5185) | 25 | 7(2800) | 124 | 41 (33.06) | 079 0.43
Moxifloxacin 12 | 325000 | NA NA NA NA NA NA NA NA NA NA 12 | 3(25.00) NA NA
Daptomycin NA NA NA NA NA NA NA NA 24 0 (0) 23 0 (0) 47 0 (0) NA NA
Erythromycin 12 | 8(6667) | 18 | 15(8333) | 16 | 14(87.50) | 26 | 14(53.85) | 27 | I5(55.56) | 25 | 15(60.00) | 124 | 81 (6532) | —1.85 | 0.07*
Nitrofurantoin 12 0 (0) 17 | 3(17.65) | 16 0 (0) 25 0 (0) NA NA NA NA 70 3(429 | -123 | 031*
Linezolid 12 I (8.33) 17 | (5.88) 5 I (6.67) 26 | 5(1923) | 27 | 2(741) 24 | 5(2083) | 121 | 15(1240) | 124 0.23*
Vancomycin 12 0 (0) 8 0 (0) 16 0 (0) 26 0 (0) 27 0 (0) 25 0 (0) 124 0 (0) NA NA
Tetracycline 12 | 10(8333) | 18 | 12(6667) | 16 | 15(93.75 | 25 | 20(80.00) | NA NA NA NA 71 | 57 (80.28) | 0.44 0.69*
Teicoplanin NA NA NA NA NA NA NA NA 27 0 (0) 25 0 (0) 52 0 (0) NA NA
Tigecycline 12 0 (0) I8 0 (0) 13 0 (0) 26 0 (0) 27 0 (0) 25 0 (0) 124 0 (0) NA NA

Note: *Exact P-value.

Abbreviations: N, number; NA, Not applicable.
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Table 10 Antimicrobial Resistance of Enterobacterales

Year 2018 2019 2020 2021 2022 2023 Total z P-value
N R (%) N R (%) N R (%) N R (%) N R (%) N R (%) N R (%)
ESBL 130 | 22(1692) | 106 | 20(1887) | 86 | 13(1512) | 121 |27 (2231) | 112 | 26 (2321) | 119 | 29 (2437) | 674 | 137 (20.33) 1.83 0.06
Ampicillin 141 | 117(8298) | 46 | 26 (5652) | 40 | 25(62.50) | 61 | 43 (7049) | NA NA NA NA 288 | 211 (73.26) | -2.35 <0.05
Amoxicillin/Clavulanic acid 143 | 26(18.18) | 112 | 8(7.14) % 6 (6.25) 127 | 12945 | 137 | 10(730) | 133 | 5(376) | 748 | 67 (8.96) -355 | <0.00l
Cefoperazone/Sulbactam NA NA NA NA NA NA NA NA 185 | 3(1.62) 185 | 2(1.08) | 370 5 (1.35) NA NA
Piperacillin/Tazobactam 156 | (0.64) 133 | 4301 122 0 (0) le4 | 7 (427) 186 | 9 (484) 186 | 9(484) | 947 | 30(3.17) 2.70 <0.01*
Cefazolin 154 | 51(33.12) | 113 | 27(2389) | 90 | 21 (2333) | 121 | 36 (29.75) | NA NA NA NA 478 | 135 (2824) | —0.71 0.48
Cefuroxime NA NA NA NA NA NA NA NA 167 | 47 (28.14) | 169 | 48 (2840) | 336 | 95 (28.27) NA 0.96%*
Cefuroxime axetil NA NA NA NA NA NA NA NA 166 | 47 (2831) | 166 | 46 (27.71) | 332 | 93 (28.01) NA 0.90%*
Ceftazidime NA NA NA NA NA NA NA NA 186 | 9 (4.84) 188 | 15(7.98) | 374 | 24 (6.42) NA 022
Ceftriaxone 145 | 22(1517) | 131 | 22(1679) | 122 | 17(13.93) | 160 | 31 (19.38) | 185 | 36 (19.46) | 184 | 40 (21.74) | 927 | 168 (18.12) 1.83 0.07
Cefepime 158 7 (4.43) 133 | 5(3.76) 122 | 3(246) l64 | 9 (5.49) 186 | 17(9.14) | 188 | 21 (11.17) | 951 | 62 (6.52) 334 <0.001
Cefoxitin I55 | 23(1484) | 120 | 7(5.83) 104 | 6(577) 140 | 6 (4.29) I51 | 13(86l) | 149 | 5(336) | 819 | 60(7.33) -3.00 <001
Aztreonam 144 | 18(1250) | 131 | 10(763) | 122 | 7(574) I55 | 21 (1355 | NA NA NA NA 552 | 56 (10.14) 022 0.83
Ertapenem 158 I (0.63) 133 I (0.75) 122 0 (0) le4 | 4(244) | 186 | 3(l6l) 187 | 2(1.07) | 950 | 11 (l.16) 0.95 0.39*
Imipenem 155 2 (1.29) 122 | 1(0.82) 1o 1 091) 150 | 5(3.33) 155 | 3(1.94) I55 | 2(1.29) | 847 | 14 (1.65) 0.59 0.60*
Amikacin 158 4(2.53) 133 | 5(3.76) 122 | 2(1.64) 164 | 4 (2.44) 186 | 3(1.6l) 188 | 3(1.60) | 951 | 21 (221) -1.05 0.32*
Gentamicin 157 | 27 (1720) | 133 | 19(1429) | 122 | 16(13.11) | 158 | 25(1582) | NA NA NA NA 570 | 87 (1526) | 039 0.70
Tobramycin 145 | 26(1793) | 131 | 17(1298) | 122 | 13(1066) | 154 | 28(18.18) | NA NA NA NA 552 | 84(1522) | —0.04 0.97
Ciprofloxacin 158 | 46 (29.11) | 135 | 33 (2444) | 122 | 32(2623) | 158 | 47 (29.75) | NA NA NA NA 573 | 158 2757) | 022 0.82
Levofloxacin 145 | 29 (2000) | 131 | 19(1450) | 122 | 22(1803) | 160 | 35(21.88) | 185 | 41 (22.16) | 185 | 40 (21.62) | 928 | 186 (20.04) 1.27 0.20
Trimethoprim/Sulfamethoxazole | 158 | 40 (2532) | 135 | 32(23.70) | 122 | 28 (22.95) | le4 | 47 (2866) | 186 | 47 (2527) | 188 | 46 (2447) | 953 | 240 (25.18) | 0.I5 0.88
Nitrofurantoin 145 | 39(2690) | 115 | 19(1652) | 107 | 20 (18.69) | 136 | 36 (2647) | NA NA NA NA 503 | 114 (22.66) | —0.003 0.99
Tigecycline 135 0 (0) 17 0 (0) 1o 0 (0) 148 0(0) 156 0 (0) 160 0(0) 826 0 (0) NA NA

Notes: *Exact P-value; **Pearson Chi-Square.

Abbreviations: N, number; NA, Not applicable.
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Table Il Antimicrobial Resistance of Acinetobacter baumannii

Year 2018 2019 2020 2021 2022 2023 Total V4 P-
value*
N R (%) N R (%) N R (%) N R (%) N R (%) N R (%) N R (%)
Cefoperazone/Sulbactam NA NA NA NA NA NA NA NA 18 0 (0) I 0 (0) 29 0 (0) NA NA
Ticarcillin/Clavulanic acid NA NA NA NA NA NA NA NA 18 I (5.56) 10 0 (0) 28 I 3.57) NA NA
Piperacillin/Tazobactam NA NA 10 0 (0) 6 0 (0) il 2 (18.18) 18 I (5.56) Il 1 (9.09) 56 4(7.14) 0.76 0.59
Ceftazidime NA NA NA NA NA NA NA NA 18 I (5.56) Il 0 (0) 29 | (3.45) NA NA
Ceftriaxone 15 2 (13.33) 12 1 (8.33) 6 0 (0) 1 2 (18.18) NA NA NA NA 44 5(11.36) 0.21 0.85
Cefepime 15 3 (20.00) 12 2 (l6.67) 6 0(0) I 2 (18.18) 18 I (5.56) il 0 (0) 73 8 (10.96) -1.71 0.10
Imipenem 15 1 (6.67) 12 1 (8.33) 6 0 (0) 1 2 (18.18) 18 I (5.56) 11 0 (0) 73 5 (6.85) -0.41 0.71
Meropenem NA NA NA NA NA NA NA NA 18 I (5.56) 10 0 (0) 28 I (3.57) NA NA
Amikacin NA NA 10 0 (0) 6 0 (0) il 0(0) 18 0(0) 11 0 (0) 56 0 (0) NA NA
Gentamicin 15 3 (20.00) 12 1 (8.33) 6 0 (0) 1 0 (0) NA NA NA NA 44 4 (9.09) -1.86 0.08
Tobramycin 15 2 (13.33) 12 0 (0) 6 0 (0) il 0 (0) 18 0 (0) 10 0 (0) 72 2 (2.78) —-2.00 0.06
Ciprofloxacin 15 3 (20.00) 12 2 (l6.67) 6 0 (0) il 2 (18.18) 18 2 (1111 10 0 (0) 72 9 (12.50) -1.28 0.24
Levofloxacin 15 3 (20.00) 12 2 (16.67) 6 0 (0) I 2 (18.18) 18 I (5.56) 11 0 (0) 73 8 (10.96) -1.71 0.10
Trimethoprim/Sulfamethoxazole 15 1 (6.67) 12 2 (l6.67) 6 0 (0) il 1 (9.09) 18 I (5.56) 11 0 (0) 73 5 (6.85) —0.93 0.38
Colistin NA NA NA NA NA NA NA NA 18 0(0) 10 0 (0) 28 0 (0) NA NA
Doxycycline NA NA NA NA NA NA NA NA 18 0(0) 10 0 (0) 28 0 (0) NA NA
Minocycline NA NA NA NA NA NA NA NA 18 0(0) 10 0 (0) 28 0 (0) NA NA
Tigecycline 15 0 (0) 12 0 (0) 6 0(0) I 0(0) 18 0(0) Il 0 (0) 73 0(0) NA NA

Notes: *Exact P-value.

Abbreviations: N, number; NA, Not applicable.
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Table 12 Antimicrobial Resistance of Pseudomonas aeruginosa

Year 2018 2019 2020 2021 2022 2023 Total Z | P-value
N | R% | N R (%) N | R®% | N| R®% | N R (%) N R (%) N R (%)
Cefoperazone/Sulbactam | NA NA NA NA NA NA NA NA 42 | 1238 | 4 | 40909 | 86 5 (5.81) NA | 050
Ticarcillin/Clavulanic acid | NA NA NA NA NA NA NA NA 39 | 701795 | 42 | 9@143) | 81 [ 16(1975) | NA | 069%
Piperacillin/Tazobactam 36 | 1278) | 24 | 1@17) | 27 | 1370) | 27 | 2(741) | 39 | 1@56) | 38 | 1(63) | 191 | 7(366) | 001 | 092%
Ceftazidime NA NA NA NA NA NA NA NA 42 | 1238 | 44 | 3(68) | 8 | 4465 NA | 0.62
Cefepime 36 | 2(556) | 24 | 1@417) | 27 | 13700 | 27 | 1370) | 42 | 1238 | 44 | 1(227) | 200 | 7(350) | -0.88 | 0.40%
Aztreonam NA NA 20 | 3(1500) | 10 000 | NA NA NA NA NA NA 30 | 3(1000) | NA | 053w
Imipenem 36 | 1278) | 24 | 1@17) | 27 | 1370 | 27 0(0) 42 | 2476¢) | 44 | 127) | 200 | 6(3.00 NA NA
Meropenem NA NA NA NA NA NA NA NA 41 0(0) 44 | 2(455) | 85 2 (2.35) NA | 0.50%
Amikacin 36 0(0) 24 0(0) 27 0(0) 27 0(0) 2 0 (0) 44 | 1@27) | 200 | 1(050) 126 0.40%
Gentamicin 36 0 (0) 24 0 (0) 27 0 (0) 26 00 | NA NA NA NA 13 0(0) NA NA
Tobramycin 35 0 (0) 24 0(0) 27 0(0) 27 0(0) 39 0 (0) 42 0(0) 194 0(0) NA NA
Ciprofloxacin 36 | 1278) | 24 | 1@417) | 27 0(0) 27 0 (0) 42 | 2476) | 44 | 2455 | 200 | 6(3.00) 0.60 0.58*
Levofloxacin 35 | 1286 | 24 0(0) 27 | 1370 | 27 0(0) 39 | 1(256) | 42 | 2476 | 194 | 5(258) 0.62 0.63*
Colistin NA NA NA NA NA NA NA NA 39 0(0) Py 0(0) 8l 0(0) NA NA

Notes: *Exact P-value; **Pearson Chi-Square; ***Fisher’s Exact Test.

Abbreviations: N, number; NA, Not applicable.

In contrast, ERBHS, HLAR, LRE, ESBL-E, and CRPA, increased with some fluctuations. ERBHS increased from
67.11% to 76.92% (Figure 2D). HLAR, including high-level gentamicin (GEH)-resistant and high-level streptomycin
(STH)-resistant strains, increased 6.67% and 7.00%, respectively (Figure 2E). Notably, LRE rose from 8.33% to 20.83%,
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Figure 2 Incidences of major drug-resistant bacteria in dermatology patients from 2018 to 2023. (A) Methicillin-resistant S. aureus, 4.09% decrease, (B) Methicillin-resistant
coagulase-negative Staphylococcus, 2.40% decrease, (C) Carbapenem-resistant A. baumannii, 6.67% decrease, (D) Erythromycin-resistant B-hemolytic Streptococcus, 9.81%
increase, (E) High-level aminoglycoside-resistant Enterococcus, GEH-resistance 6.67% increase and STH-resistance 7.00% increase, (F) Linezolid-resistant Enterococcus,
12.50% increase, (G) Carbapenem-resistant P. aeruginosa, 1.77% increase, (H) Extended-spectrum B-lactamases-producing Enterobacterales, 7.45% increase,
(I) Carbapenem-resistant Enterobacterales, 0% change.
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resulting in an overall increase of 12.50% (Figure 2F). CRPA increased from 2.78% to 4.55%, with the lowest rate of 0%
occurred in 2021, but quickly rebounded to the highest rate of 4.76% in 2022 (Figure 2G). ESBL-E, except for the lowest
at 15.12% in 2020, increased from 16.92% to 24.37% (Figure 2H). Except for a peak of 3.33% in 2021, the incidence of
CRE remained at below 2% (Figure 2I).

Discussion

Empirical antimicrobial therapy serves as the cornerstone of dermatological management for suspected infections.'* The
core challenge lies in the pathogen’s unknown status at treatment initiation, necessitating physicians to select antimi-
crobial regimens based on “best speculation”. Without accurate and timely epidemiological data, such speculation may
readily result in inadequate initial treatment coverage or induce drug resistance. The systematic isolation and antimi-
crobial resistance surveillance data of pathogenic bacteria in this study provide critical localized and real-time evidence-
based support for addressing this challenge.

This study describes the distribution and antimicrobial resistance of bacteria isolated from patients in a dermatology hospital,
Hangzhou, China. We found that slightly more than one-third of the study population experienced bacterial isolation, suggesting
the infection risk faced by dermatology patients. Similar to previous research findings,*'*'® males (39.16%), patients aged 60
and above (38.82%), outpatients (48.07%), and dermatosurgical patients (51.94%) had relatively higher isolation rates.
Interestingly, the isolation rate of minors (<17 years) decreased from 2020 to 2022, whereas an opposite pattern was observed
in the elderly (>60 years). This may be associated with the asymmetrical shifts in SSTIs exposure risks, which were influenced by
behavioral changes among minors and the elderly due to public health policies during the three-year COVID-19 pandemic.'”
This could account for the observation that, despite no significant difference in the annual comparison of isolation rates between
minors and the elderly in most years, a notable disparity emerges when analyzing the comprehensive data spanning six years.
This issue warrants further investigation in future longitudinal studies to ascertain whether the difference will persist.

Our findings indicate that the isolation rate of primary SSTIs (44.09%) was higher than that of secondary SSTIs
(31.91%) and other site infections (25.87%). However, the pathogens were predominantly isolated from patients with
secondary SSTIs (84.87%), such as eczema (14.94%), dermatitis (11.51%), and herpes zoster (10.34%). Compared with

other studies,g’18

these findings remind us that the prevalence of skin diseases has certain regional characteristics, and in
addition to treating primary skin diseases, measures to prevent secondary SSTIs and infections at other sites are also
necessary.'? Secretions accounted for 51.44% of bacterial isolates in clinical specimens, whereas previous studies have
reported that abscesses were more prevalent.'®?%?! This may be related to the characteristics of the infections and the
sampling methods. GPB (78.93%) remained the most prevalent isolate, similarly to previous research.'? Within this
group, S. aureus (46.97%) was the predominant pathogen, leading in various dermatological conditions and most

specimen types, which is consistent with its known threat,>**

indicating risks of its activation of colonizing strains
due to the low immune status of certain skin diseases or transmission through the bloodstream. CoNS (16.30%) exhibited
high isolation rates in swabs and herpes zoster cases, which may be attributed to their prevalence on human skin,
frequently becoming pathogens when skin integrity is compromised, typically affecting the elderly or immunocompro-
mised individuals.**' Compared to GPB, GNB are more common in hospital-related SSTIs.”***> Similar to previous
literature,®? the isolation rates of K. pneumoniae (6.83%), E. coli (3.53%), and P. aeruginosa (3.22%) ranked the top
three among GNB. In sputum and urine samples, K. pneumoniae (28.02%) and E. coli (46.56%) were the predominant
species respectively, showing no difference from the general population.”®?° K. pneumoniae was also the second most
common pathogen in urticaria (22.86%), erythema (18.80%), and vasculitis (11.43%). Due to the high risk of anti-
microbial resistance and high virulence associated with K. pneumoniae, this situation warrants serious attention.’® In
cases of fungal skin infections, P. aeruginosa (15.60%) ranked second, which may be related to the immunocompromised
state of these patients, as well as the intrinsic resistance and biofilm properties of the strains.*' Overall, the prevalence of
the top ten bacterial species showed changes compared to historical data from different regions, with CoNS and

K. pneumoniae increasing while Enterococcus spp. and P. aeruginosa decreased,?”?

indicating a shift in the infection
patterns among dermatology patients. Notably, species with lower prevalence accounted for 14.95% of total infections,
indicating the diversity of pathogens in dermatology patients, and advances in detection technology may reveal more

previously rare cases.

Infection and Drug Resistance 2026:19 heeps: 17



Chen et al

We found that the resistance to penicillin of Staphylococcus strains remained persistently high, similar to previous
research.*>** However, the resistance rates to gentamicin, erythromycin, clindamycin, and trimethoprim/sulfamethox-
azole — commonly recommended for treating staphylococcal SSTIs or incisional surgical site infections (ISSIs) — were

3336 consistent with the observed reduction in methicillin-resistant strains over the study period.

on downward trends,
Except for penicillin, quinupristin/dalfopristin and gentamicin, CoNS had higher resistance rates to most antimicrobials
than S. aureus, especially with erythromycin resistance being the highest among GPB. These are mainly due to the higher
isolation rate of MRCoNS (60.41%) compared to MRSA (17.34%). Although as reported in the literature,’” the majority
of reported cases were attributed to methicillin-sensitive strains, the high and stable isolation rate of MRCoNS still
warrants attention and monitoring of its progression.

Penicillin, third-generation cephalosporins, vancomycin, chloramphenicol, and levofloxacin, as recommended by the
Infectious Diseases Society of America (IDSA) for treating SSTIs caused by BHS,*>** continue to exhibit low resistance
rates. For penicillin-allergic patients, IDSA suggests macrolides and clindamycin as alternatives. However, our study found high
resistance to these two antimicrobials among BHS strains, ranking first (71.98%) and second (69.54%) among GPB, respectively.
Regarding Enterococcus spp., the high resistance rates to tetracycline (80.28%) and erythromycin (65.32%) were observed. Note
that the increasing isolation rate of LRE is alarming, even reaching 20.83% in 2023. Existing literatures have elucidated the
resistance mechanisms and the risk of cross-transmission in hospital of LRE.***° From 2018 to 2020, the isolation rates of GEH-
resistant Enterococcus were persistently higher than those of STH-resistant strains, but a shift occurred in 2021.

The increasing resistance to third and fourth generation cephalosporins of Enterobacterales were concerning, which
might be related to the increase of ESBL-E. Nevertheless, the isolation rate of ESBL-E in this study remains lower than
that reported in the general patients, or the dermatology patients in the other region.*' ** In third-generation cephalos-
porins, the resistance rate to ceftriaxone (18.12%) was higher than that to ceftazidime (6.42%). Notably, the resistance
rates to amoxicillin/clavulanic acid (18.18%) and cefoxitin (14.84%) in 2018 were higher than in subsequent years,
which may be attributed to the influence of special resistant phenotypes that were prevalent that year. It is reassuring that
Enterobacterales maintained extremely low resistance rates to carbapenems, such as ertapenem (1.16%) and imipenem
(1.65%), and the prevalence of CRE in dermatology patients was not increasing as sharply as reported in the general
population.***> Considering the extensive use in anti-infection therapy, the resistance rate to quinolones among
dermatology patients in this study was acceptable and lower than the overall resistance rates obtained from the
surveillance networks in China.*' No Enterobacterales strains resistant to tigecycline were found in this study, indicating
that despite the controversy, tigecycline remains one of the options for treating MDR-related infections.*”*¢ Notably,
false non-susceptible results may occur with the disk-diffusion and automated instrument methods for tigecycline testing,
and it is recommended to retest using E-test strips.

Although the antimicrobial resistance rates of hospital-associated strains remain concerning in most parts of the
world,*” the overall antimicrobial resistance rates of 4. baumannii and P. aeruginosa associated with SSTIs were
relatively low for most antimicrobials in this study. In particular, the isolation rates of CRAB and CRPA were lower
than reported data from the United States and Greece.***’

Encouragingly, during the study period, dermatology patients exhibited lower rates and fewer changes in resistance to
most tested antimicrobials compared to general patients, including significantly lower incidences of major drug-resistant
bacteria (except for LRE).*"**® Furthermore, the variation in drug-resistant bacteria differed from current national
surveillance data (CARSS & CHINET). For instance, the isolation rate of MRSA, unlike the continuous decline observed
in national data, once rebounded to a six-year peak in 2021. CRPA isolation rates in our study, while exhibiting
significantly lower than the national average, demonstrated a contrasting increase. Notably, the LRE isolation rates not
only consistently exceeded national levels but also continued to rise, reaching approximately 20% in two years. These
unique findings are all directions that need to be focused on in future surveillance.

This study period covers the COVID-19 pandemic era, during which the pandemic and related public health policies
induced changes in social and medical-seeking behaviors, such as lockdown measures, increased social distancing, and
directives to avoid unneeded care. Additionally, infection control practices reached unprecedented levels, including hand
hygiene, environmental disinfection, and the use of personal protective equipment such as masks and gloves.
Simultaneously, uncertainties surrounding COVID-19 and bacterial co-infections may have led to the overuse of broad-
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spectrum antimicrobials, thereby creating selective pressure.*” While these measures effectively interrupted viral
transmission, they likely also significantly impacted the cross-transmission of common contact-transmitted pathogens
(eg, S. aureus), resulting in a reduction in certain bacterial infections,'” while paradoxically increasing others. This
phenomenon also drove changes in certain drug-resistant bacterial strains. In this study, in addition to the changes in
isolation rates among different populations, our findings also showed that there were fluctuations in the number of
patients, and in the isolation rates of major GPB and drug-resistant bacteria during the pandemic, and that the fluctuations
varied by pathogens. These fluctuations partially compromised the significance of linear change trend of the statistical
results. For instance, over the study period, the isolation rates of CoNS showed an upward trend, whereas S. aureus
isolation rates—after showing gradual increases in earlier years—declined during the mid-to-late COVID-19 period,
resulting in an overall downward trend. Under the influence of these two pathogens, the isolation rates of GPB showed
a trend of first increasing and then decreasing, but the overall linear trend lacked statistical significance. Similar patterns
were observed in analyses of major drug-resistant bacterial isolation rates and associated antimicrobial resistance rates.
These findings indicate that the pandemic had broad and varied impacts on dermatology patients.'”

Our study has several limitations. Firstly, the isolation rates of some bacteria from dermatology patients were
particularly low, and different methods or panels of AST were used, which will influence the resistance rates statistics.
Secondly, the study on major drug-resistant bacteria was based on confirmed resistant isolates, thus intermediate or non-
sensitive data were not included, which may potentially affect further analysis of MDR bacteria beyond MRSA. Thirdly,
a common limitation of all retrospective bacteria distribution and antimicrobial resistance studies, including ours, is that
whether patients provide specimens for testing depends on the assessment of clinicians. In particular, it is common for
dermatologists to use local empirical medication for mild patients without culturing, such as acne. Therefore, our findings
represent more those patients with severe conditions who required clinical cultures. Fourthly, our study lacked detailed
clinical data on antimicrobial exposure prior to culture, which means we could not adjust for or exclude the confounding
effect of selective pressure on resistance patterns. Future research should prioritize systematic collection of detailed
antimicrobial use histories to better elucidate the causal pathways leading to resistance. Finally, although our hospital
serves as a regional dermatology treatment center with patient sources extending beyond Hangzhou to cover the whole
province and neighboring regions, the single-center design inherently limits the generalizability of our results. Owing to
heterogeneity in patient demographics, antimicrobial stewardship policies, infection prevention and control protocols,
and community transmission dynamics, the observed outcomes may vary across different geographical regions.
Consequently, these results should be considered as a complement to local epidemiological characteristics, rather than
defining universal patterns. In the future, we plan to establish a comprehensive dermatology patient infections diagnosis
and treatment platform. Building on this initial study, the data from different centers will be gradually included to provide
a basis for establishing more widely applicable dermatological anti-infective diagnosis and treatment guidelines.

Conclusion

In conclusion, this study provides the characteristics and variations of bacterial epidemiology and antimicrobial
resistance in dermatology patients, suggesting that anti-infective therapy should be based on the unique prevalence
and resistance patterns of bacteria in local dermatology specialty hospitals. This also highlights the importance of
continuous longitudinal surveillance studies for detecting and monitoring regional bacterial distribution and patterns of
antimicrobial resistance. Therefore, we advocate for the establishment and refinement of a standardized pathogen
surveillance system in specialized dermatology hospitals, with timely data feedback to frontline clinicians. This will
foster a virtuous cycle of “surveillance-guided practice-renewed surveillance”, ultimately achieving precise and rational
antimicrobial use. Finally, as a hospital consistently ranked among the top in China for annual dermatology outpatient
visits for over a decade, we expect that the results presented here will provide valuable information to support clinical
anti-infective treatment, antimicrobial stewardship, infection control and public health policy.
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