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Abstract Background: Though Staphylococcus epidermidis was the most common pathogen
of late-onset sepsis (LOS) in neonatal intensive care units (NICUs), there haves been scanty re-
ports on molecular epidemiology of S. epidermidis isolates from infants stayed in NICU and on
correlation of molecular characteristics with clinical features in these infants.
Methods: We collected and characterized S. epidermidis bloodstream isolates from infants
hospitalized in NICU of a medical center in Taiwan between 2018 and 2020. Medical records
of these infants were retrospectively reviewed.
Results: A total of 107 isolates identified from 78 episodes of bacteremia in 75 infants were
included for analysis. Of the 78 isolates (episodes), 24 pulsotypes, 11 sequence types (STs),
and 5 types of staphylococcal chromosomal cassette (type IeV) were identified. ST59 and its
single locus variant ST1124 (37.2%) comprised the most common strain, followed by ST35
(14.1%), ST2 (11.5%), and ST89 (10.3%). All but 5 isolates (73/78, 93.6%) belonged to clonal
complex (CC) 2. Comparing infants infected with genetically different strains, the patients
with underlying immune disease were significantly associated with ST2 infection
(P Z 0.021), while no statistically significant differences were found in terms of clinical and
laboratory characteristics. Only 3.8% of the isolates were susceptible to oxacillin.
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Conclusions: More than 90% of S. epidermidis bloodstream isolates from infants in NICU in
Taiwan were resistant to oxacillin. Though diverse, more than 90% of the isolates (episodes)
belonged to CC2. No statistically significant differences were found in terms of clinical char-
acteristics among the infants infected with genetically different strains.
Copyright ª 2023, 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

Coagulase-negative staphylococci (CoNS) were considered
to be apathogenic constituents of the healthy human skin
and mucosa microbiota.1 However, CoNS emerged as com-
mon causes of healthcare infections. Factors contributing
to the growing clinical impact of CoNS include an immature
or compromised immune system, breaking of the natural
skin and mucosa barrier and presence of indwelling medical
devices.1e5 More than 50 different CoNS species have been
described but only a few species are believed to be asso-
ciated with a higher clinical significance and include
Staphylococcus epidermidis.1e5

With the technical and medical advances in neonatal
intensive care units (NICUs), the overall survival and prog-
nosis of the preterm babies have been improved markedly.
Then, preterm birth-related complications would occur and
become the major cause of neonatal death.6 Among these
serious complications, healthcare-associated late-onset
sepsis (LOS) is frequent in NICUs and between 20 and 30% of
very low-birthweight preterm babies develop LOS at least
once during their stay in the NICU. Undoubtedly, skin
commensal CoNS are the most frequently involved patho-
gens and S. epidermidis is regarded as the main CoNS
pathogen of LOS in this population. Most clonal lineages of
S. epidermidis are commensals.7e13 However, some glob-
ally spreading healthcare-associated methicillin-resistant
S. epidermidis (HA-MRSE) clones, namely sequence type
(ST) 2 and ST5, are major causes of the difficult-to-treat
invasive infections.7e13 There has been scanty reports on
molecular epidemiology of S. epidermidis causing LOS in
infants stayed in NICU and on correlation of molecular
characteristics with clinical features in these infants.

In Taiwan, CoNS are also a leading cause of LOS in NICU
in most hospitals and CoNS accounted for approximately
40% of LOS etiologies in several large-scale studies.14e18

However, most studies did not identify the CoNS isolates
to the species level, not mentioning molecular epidemi-
ology of any designated CoNS species. With the introduc-
tion of matrix-assisted laser desorption/ionization time of
flight mass spectrometry (MALDI-TOF MS) to clinical
microbiologic laboratory of our hospital in 2013, most
clinical CoNS isolates can be identified to the species
level, which made the research on molecular epidemi-
ology of CoNS isolates possible. In this study, we first
molecularly characterized S. epidermidis bloodstream
isolates from infants hospitalized at NICUs of our hospital
between 2018 and 2020 and then we collected, analyzed
and compared demographic data, predisposing factors,
clinical manifestations, laboratory data, management and
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outcome of these infants, stratified by the genetic back-
ground of the isolates.

Methods

Subjects and setting

This study was conducted in Chang Gung Pediatric Medical
Center, which is a part of Chang Gung Memorial Hospital
(CGMH) at Linkou and is a university-affiliated teaching
hospital in northern Taiwan. There are five neonatal units,
including three neonatal intensive care units (NICUs) and
two special care nurseries (SCNs), distributed on 2 floors, in
this Pediatric Medical Center. Currently, there are 16, 24
and 10 beds in NICU-1 (3L), NICU-2 (5L), and NICU-3 (3L)
respectively. For SCNs, there are 24 beds in SCN-1 (3L) and
30 beds in SCN-2 (5L).

According to the microbiologic database of CGMH, we
retrieved S. epidermidis bloodstream isolates from infants
hospitalized at NICUs between January 2018 and December
2020, which were systematically collected, preserved and
stored in our hospital. Infants with bloodstream isolates,
which were identified from blood cultures obtained at least
72 h after admission to NICUs and were also available for
further analysis, were enrolled in this study. Because the
significance of community-onset S. epidermidis bacteremia
was doubted, we only focused on healthcare-associated
infection of S. epidermidis in this study and thus isolates
from blood cultures obtained within 72 h after admission to
NICUs were excluded due to the high probability of
community-onset. This study was approved by the institu-
tional review board of Chang Gung Memorial Hospital.

Data collection

We retrospectively reviewed the medical records of
enrolled patients and collected the following data: de-
mographic data, comorbidities of prematurity, clinical
manifestations, laboratory data, presence of a central
venous catheter, usage of mechanical ventilation and
antimicrobial therapy within the 30 days preceding infec-
tion, treatment courses for bacteremia, and clinical out-
comes. All recorded data describing the episodes of late-
onset sepsis caused by S. epidermidis were reviewed by two
investigators (Y.-H.H. and Y.-R.Y.) for face validity.

Microbiologic methods

In our NICUs, blood cultures were drawn from patients with
suspected sepsis at the discretion of the attending
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physicians or residents on duty. Blood specimens were
collected after aseptic preparation, and cultured in tryp-
ticase soy broth (Becton Dickinson, MD, USA). Positive cul-
ture results were detected using an automated detection
system (BD BACTEC� FX; Becton Dickinson, MD, USA). Blood
was drawn from positive blood culture bottles and spread
onto blood plate agar for subculture (Becton Dickinson, MD,
USA). The agar and broth were incubated in a 37 �C CO2

incubator for 18e24 h. Single colonies grown on agar plates
were selected for further analysis. S. epidermidis was
identified based on colony morphology, a coagulase test
and Matrix-assisted laser desorption ionization-time of
flight mass spectrometry (MALDI-TOF MS) (Bruker Daltonics
GmbH, Bremen, Germany).

Definitions

The diagnosis of S. epidermidis bacteremia was based on
the criteria of the Vermont Oxford Network Database,19e22

requiring clinical septic signs and symptoms and intrave-
nous antibacterial therapy for at least 5 days after
obtaining blood culture, or until death. Clinical signs and
symptoms of sepsis included fever or hypothermia, hyper-
or hypoglycemia, apnea or tachypnea, bradycardia or
cyanosis, frequent desaturation with increased require-
ment of ventilator support, feeding intolerance, jaundice,
abdominal distension, decreased activity, skin mottling and
hypotension etc. Only symptoms that occurred during the
episode were recorded.

Empirical antibiotics for coverage of both Gram-positive
and Gram-negative organisms were usually prescribed at
the onset of clinical sepsis. Modification of antimicrobial
regimens would be decided by the attending physicians in
charge according to the results and antibiotic susceptibility
patterns of blood cultures. All therapeutic antimicrobial
regimens were administrated through intravenous routes,
and the optimal dosages, according to the standard guide-
lines, were confirmed by both the attending physicians and
pharmacists.

Separated episodes in an individual patient were
considered when S. epidermidis was identified with an in-
terval greater than 14 days and a full course of appropriate
antimicrobial agents as judged by the in-vitro susceptibility
testing were administered with at least one negative blood
culture. Persistent bacteremia was defined as at least one
consecutive blood cultures positive for genetically identical
S. epidermidis isolate, at least 48 h apart, after an in-vitro
susceptible antibiotic therapy for at least three days during
a single sepsis episode23; otherwise, recovery was defined
as at least one negative blood culture after a 7-14-day
course of in-vitro susceptible antibiotic therapy.

All patients were followed up until death or discharge. The
definitions of underlying diseases and all comorbidities of
prematurity, including bronchopulmonary dysplasia and
necrotizing enterocolitis, were based on the latest updated
diagnostic criteria in the standard textbook of neonatology.24

Antibiotic susceptibility study

The antimicrobial susceptibility of all S. epidermidis iso-
lates to nine antibiotics, including oxacillin, trimethoprim/
1216
sulfamethoxazole (TMPeSMX), penicillin, linezolid, rifam-
picin, teicoplanin, clindamycin, vancomycin, and erythro-
mycin, was tested in accordance with the guideline of
Clinical and Laboratory Standard Institutes25 by using the
disk-diffusion method.

Molecular characterizations

All the S. epidermidis isolates were molecularly charac-
terized, and the molecular methods used included pulsed-
field gel electrophoresis (PFGE) with SmaI digestion,
Staphylococcal chromosomal cassette mec (SCCmec)
typing, and multilocus sequence type (MLST). Presence of
Panton-Valentine leukocidin (PVL) genes27 was also exam-
ined. The details of the procedures were described else-
where previously.26e30 The pulsotypes of PFGE were
designated in Arabic numbers. PFGE patterns with 4- or
more band differences were classified as a different type
and designated consecutively. PFGE patterns with < 4-band
differences from an existing genotype were defined as
subtypes. MLST was examined for selective isolates of
representative PFGE patterns.30

Statistics

For analyzing and comparing the demographic and clinical
characteristics of LOS due to S. epidermidis, we would
classify the patients to several subgroups according to their
genotypes if any major clones were identified. Pearson’s
chi-squared test was used to analyze categorical variables
and One-Way ANOVA was used to compare means of nu-
merical variables.

The definition of statistical significance was p < 0.05.
Post hoc test was analyzed when there was p < 0.05 in One-
Way ANOVA results. All statistical analyses were performed
using IBM SPSS version 19.0.

Results

Identification of late-onset sepsis due to S.
epidermidis

During the study period, a total of 148 potential S. epi-
dermidis bloodstream isolates from 118 infants hospitalized
at our NICUs were identified. 41 patients were excluded
from this study (Fig. 1) because blood cultures were ob-
tained within 72 h of admission (n Z 27), multiple patho-
gens were identified from blood cultures (n Z 9), no or
incomplete antimicrobial therapy were administered
(n Z 4), and no any isolate was available for analysis
(n Z 1). Of the 77 patients, 5 (6.5%) patients and 1 (1.3%)
patient experienced 2 and 3 episodes of S. epidermidis LOS,
respectively. Among the 5 patients with 2 episodes, three
patients had no isolates available in their second episodes.
The patient with 3 episodes had isolates available in only
two episodes. Hence, three patients with two episodes
were included for analysis. As a result, a total of 77 patients
with 80 episodes of S. epidermidis bacteremia treated
during the study period were included for further analysis in
this study.



Figure 1. Flow chart of the patients who were enrolled in this study.
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Molecular characterization

Of the 107 S. epidermidis isolates from 77 patients with 80
episodes available for molecular characterization, a total
of 24 pulsotypes were identified by PFGE (Fig. 2), named as
pulsotypes 100e3500. Five SCCmec types were identified
and included SCCmec type I, II, III, IV, and V. 18 isolates
from 14 episodes had untypeable SCC. 43 isolates of 24
PFGE patterns were selected for MLST analysis and 11
sequence types (STs) were identified. None of them
possessed Panton-Valentine leukocidin genes.

Of the 41 episodes excluded for analysis, 37 isolates were
available for characterization and revealed 20 pulsotypes
and 13 STs, respectively (9 pulsotypes and 6 STs, respec-
tively, not identified in above 107 isolates) (Supplementary
Table 1). Of the 144 isolates characterized, four novel
sequence types (ST1124, 1125, 1126, 1131) were identified.

Of the 80 episodes in 77 patients, 19 episodes had mul-
tiple isolates from a single episode available for analysis,
and all the S. epidermidis isolates from a single episode
were genetically indistinguishable in 16 episodes, among
which five episodes had 3 isolates and 11 episodes had two
isolates. Of the remaining 3 episodes, both S. epidermidis
isolates from a single episode were genetically distinct in
two episodes; one episode had pulsotype 100 & 400 isolates
identified, and the other episode had pulsotype 400 &1000
identified, in which we could not differentiate either pul-
sotype (isolate) to be the true pathogen. Hence, these two
episodes were excluded for further clinical analysis.
Whereas, the third episode had 4 isolates from a single
episode; the first isolate identified at onset was charac-
terized as pulsotype 100 (ST59) while the three sequential
isolates from the blood cultures obtained on day 6, 9, and
10, respectively, were characterized as pulsotype 500
1217
(ST2). We classified this case in the subgroup of pulsotype
500/ST2 for further analysis. Finally, a total of 75 infants
with 78 episodes of S. epidermidis bacteremia were
included for clinical analysis by sub-genogroups (Fig. 1).
One isolate (genotype) for each episode was used to be
classified into sub-genogroups.

Of the 78 isolates (episodes), pulsotype 100/sequence
type (ST) 59/SCCmec IV (19.2%) and pulsotype 1500/ST35/
SCCmec II (10.3%) were the two most common strains. One
isolate belonged to ST1124, which is a single locus variant
of ST59 and thus was classified together. Of the 11 STs
identified, all STs but ST32 and ST786 belonged to clonal
complex (CC) 2 (Table 1, Fig. 3), and ST59/1124 (37.2%),
ST35 (14.1%), ST2 (11.5%), and ST89 (10.3%) were the four
most common sequence types. ST59 dominated in each
year during the study period, and accounted for 41.7%,
40.0%, and 32.0% of the isolates in 2018, 2019, and 2020,
respectively. ST35 was identified since 2019, and accounted
for 24.1% and 16% in 2019 and 2020, respectively. Based on
the results of molecular characterization, we classified the
patients into five sub-genogroups (ST59, ST89, ST35, ST2,
and others) and we analyzed and compared the de-
mographics and clinical features of these infants among the
five groups.
Basic demographics

Demographic characteristics of the 75 patients with 78 ep-
isodes of LOS caused by S. epidermidis are shown in Table 2.
Male accounted for 57.7% (n Z 45/78). The mean gesta-
tional age was 31 weeks (range, 23e40 weeks). The average
of birth body weight was 1705 g (range, 500e3410 g). Age of
onset ranged from 4 to 150 days with a mean of 32.88 days.



Figure 2. Distribution of pulsed-field gel electrophoresis patterns and other molecular characterizations of 107 Staphylococcus
epidermidis isolates. PFGE, pulsed-field gel electrophoresis; SCCmec, staphylococcal chromosomal cassette mec; UT, untypable.
OSSE, oxacillin sensitive Staphylococcus epidermidis; MLST, multilocus sequence type.

Table 1 Distribution of multilocus sequence types (MLST),
clonal complex and genetic cluster by Bayesian analysis of
population structure (BAPS) of 78 Staphylococcus epi-
dermidis bloodstream isolates.

MLST
type

Clonal
complex

Genetic
cluster
by BAPS

No. of
episodes

Percentage
(%)

59a 2 6 29 37.2
35 2 1 11 14.1
89 2 1 8 10.3
2 2 5 9 11.5
218 2 1 7 9.0
20 2 1 3 3.8
786 e e 2 2.6
23 2 5 2 2.6
130 2 6 4 5.2
UT e e 2 2.6
32 32 6 1 1.3
total 78 100.2b

a included one isolate of ST1124, which is a single locus
variant of ST59.

b Owing to rounding to the nearest first decimal places in the
percentage of each MLST type, there may be a slight discrep-
ancy between the sum of individual items and the total as
shown in the table, which made the total added up to 100.2%.
UT, untypable.
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Peripherally-inserted central venous catheters were used at
the onset of bacteremia in all the 78 episodes. Catheters
were removed/replaced after the onset of bacteremia and
sent for bacterial culture in 58 episodes (74.4%). Catheter
culture positive for S. epidermidis was found in 20 episodes.
More than one-third of the patients had underlying diseases,
such as cardiovascular disease (34.6%), gastrointestinal
sequelae (11.5%), congenital anomalies (10.6%), and im-
mune disease (2.6%). No statistically significant differences
Figure 3. eBURST analysis of 78 Staphylococcus epidermidis
isolates.



Table 2 Comparison of demographics, underlying conditions of 78 episodes of late-onset sepsis caused by Staphylococcus
epidermidis in infants stayed in neonatal intensive care units, stratified by sequence types.

Characteristic No. (%) of subjects p-valuea

Total
(n Z 78)

ST 59
(n Z 29)

ST 35
(n Z 11)

ST 89
(n Z 8)

ST 2
(n Z 9)

Others
(n Z 21)

Male gender 45 (57.7%) 16 (55.2%) 9 (81.8%) 3 (37.5%) 5 (55.6%) 12 (57.1%) 0.405
Birth weight
Mean þ �SD, gm 1705.3þ-853.2

(500e3410)
1937.9þ-912.9
(570e3410)

1445.5þ-739.3
(600e3000)

1683.8þ-876.5
(810e3380)

1963.3þ-832.2
(720e3210)

1418.0þ-764.5
(500e2900)

0.171

<1500 gm 38 (48.7%) 11 (37.9%) 7 (63.6%) 5 (62.5%) 3 (33.3%) 12 (57.1%) 0.546
1500w2000 gm 13 (16.7%) 6 (20.7%) 2 (18.2%) 0 (0%) 1 (11.1%) 4 (19%)
Gestational age
Mean, weeks 31.4þ-4.8

(23e40)
32.3þ-5.2
(23e40)

30.5þ-4.4
(23e38)

31.0þ-3.6
(27e36)

33.9þ-4.9
(25e40)

29.8þ-4.3
(24e38)

0.175

<30 weeks 29 (37.2%) 10 (34.5%) 4 (36.4%) 3 (37.5%) 1 (11.1%) 11 (52.4%) 0.337
30w37 weeks 38 (48.7%) 13 (44.8%) 6 (54.5%) 5 (62.5%) 5 (55.6%) 9 (42.9%)
Underlying diseasesa

Congenital
anomalies

8 (10.6%) 4 (13.8%) 1 (9.1%) 1 (12.5%) 0 (0%) 2 (9.5%) 0.933

Cardiovascular
disease

27 (34.6%) 8 (27.6%) 4 (36.4%) 3 (37.5%) 5 (55.6%) 7 (33.3%) 0.643

Gastrointestinal
sequelae

9 (11.5%) 4 (13.8%) 2 (18.2%) 1 (12.5%) 1 (11.1%) 1 (4.8%) 0.771

Immune disease 2 (2.6%) 0 (0%) 0 (0%) 0 (0%) 2 (22.2%) 0 (0%) 0.021
Retinopathy of

prematurity
6 (7.7%) 2 (6.9%) 0 (0%) 0 (0%) 1 (11.1%) 3 (14.3%) 0.663

Surgical history
(within one
month)

27 (34.6%) 8 (27.6%) 3 (27.3%) 2 (25%) 6 (66.7%) 8 (38.1%) 0.283

Surgery during
the episode

9 (11.5%) 3 (10.3%) 2 (18.2%) 1 (12.5%) 2 (22.2%) 1 (4.8%) 0.529

Age at onset,
mean þ �SD
(days)

32.88þ-29.48
(4e150)

28.83þ-26.92
(4e120)

36.55þ-36.13
(10e135)

25.88þ-12.05
(10e45)

40.67þ-27.40
(12e105)

35.90þ-35.20
(6e150)

0.742

Use of NG tube
during the
episode

75 (96.2%) 29 (100%) 10 (90.9%) 8 (100%) 8 (88.9%) 20 (95.2%) 0.257

Use of CPAP
during the
episode

62 (79.4%) 23 (79.3%) 10 (90.9%) 6 (75%) 6 (66.7%) 17 (81%) 0.908

Use of
endotracheal
tube during
the episode

51 (65.4%) 17 (58.6%) 7 (63.6%) 6 (75%) 6 (66.7%) 15 (71.4%) 0.883

Removal of CVC
during the
episode

58 (74.4%) 20 (69%) 9 (81.8%) 6 (75%) 7 (77.8%) 16 (76.2%) 0.94

CVC culture
positive for S.
epidermidis

20 (25.6%) 3 (10.3%) 3 (27.3%) 2 (25%) 4 (44.4%) 8 (38.1%) 0.099

a Pearson’s chi-squared test was used to analyze categorical variables and One-Way ANOVA was used to compare means of numerical
variables with post hoc test.
SD, standard deviation; NG, nasogastric; CPAP, continuous positive airway pressure; CVC, central venous catheters.
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were noted among the 5 groups in terms of demographics
and most underlying conditions except underlying immune
disease which was significantly associated with patients with
ST2 infection (P Z 0.021).
1219
Clinical and laboratory characteristics

Clinical symptoms at the onset of bacteremia are shown in
Supplementary Table 2. The common symptoms recorded
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during the LOS episode included fever (21.5%), tachycardia
(17.9%)/bradycardia (34.6%), low O2 saturation (50.0%),
abdominal distention (32.1%), poor activity (15.4%), poor
feeding (4.1%), hypotension (3.8%), cyanosis (1.3%), and
jaundice (1.3%). There were no significant statistical dif-
ferences among the five groups.

Laboratory characteristics are summarized in Table 3.
The mean leukocytes count at onset was 10,400/mL, and
leukocytosis, defined as WBC count S15,000/mL in patients
older than 1-month-old and S30,000/mL in patients
younger than 1-month-old, was noted in 14 episodes
(17.9%). The average platelet count at onset was 218,500/
mL and thrombocytopenia (platelet count <150,000/mL)
was noted in 38 (48.7%) episodes. The mean C-reactive
protein level at onset was 22.8 mg/L (normal, <5 mg/L),
ranging from 0.23 to 138.4 mg/L. No statistically significant
differences were found among the 5 groups.

Antibiotics treatment

The summary of antibiotics susceptibility of these 78 epi-
sodes are shown in Table 4. All the isolates were susceptible
to linezolid, teicoplanin and vancomycin while only three
(3.8%) and one isolates were susceptible to oxacillin and
penicillin, respectively. Only three isolates were resistant to
rifampin while 58 (74.4%), 46 (59%), and 22 (28.2%) of the
isolates were susceptible to trimethoprim/sulfamethoxa-
zole, clindamycin, and erythromycin, respectively. The
isolates of ST59 were significantly associated with a higher
susceptibility to clindamycin while lower susceptibility to
trimethoprim/sulfamethoxazole than other sub-genogroups.

Among the 78 episodes, empirical combined antibiotics
therapy was used in 68 (87.1%) episodes; and single
empirical antibiotic (either first-generation cephalosporin,
aminoglycoside, or glycopeptide) was used in the remaining
10 episodes (12.9%). Inadequate empirical antibiotic ther-
apy, defined as not including in vitro susceptible antibi-
otics, was used in 18 episodes (23%) (Supplementary Table
3). Some patients also received antifungal agents and
anti-anaerobic agents simultaneously, but no statistically
significant differences were found among the 5 groups in
term of the simultaneous usage of antifungal agents and
anti-anaerobic agents.

Definite antibiotic therapy with vancomycin was used in
64 (82.1%) episodes; teicoplanin and oxacillin was used in
one (1.3%) and two (2.6%) episodes, respectively; and
vancomycin-containing regimen as combination therapy
was used in the remaining 11 (14.2%) episodes
(Supplementary Table 4). Persistent bacteremia was
detected in three (3.8%) patients. Two of them were
infected with ST2 strain, and the other one was infected
with ST35 strain. All of them were prescribed with vanco-
mycin. No statistically significant differences were found
among the 5 sub-genogroups in terms of the antibiotics
used and outcomes.

Discussion

To our knowledge, this is the first study to investigate mo-
lecular characteristics of S. epidermidis bloodstream iso-
lates in neonates from Taiwan. Results from this study
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showed that more than 90% of S. epidermidis bloodstream
isolates from infants stayed in NICUs in northern Taiwan
were oxacillin-resistant. Of the 78 S. epidermidis blood-
stream isolates, though diverse, four major sequence types,
namely ST59, ST35, ST2 and ST89, were identified and each
ST accounted for at least 10% of the 78 episodes. ST59/
SCCmec IV was the most frequently identified strain, and
accounted for more than one-third of the S. epidermidis
isolates. All but 5 isolates (73/78, 93.6%) belonged to clonal
complex 2 (CC2). The results of molecular characterization
in the present study were similar to those reported world-
wide previously, particularly from China. Also, this is the
first study to correlate molecular genotypes of S. epi-
dermidis with clinical characteristics of the NICU-
hospitalized infants with LOS due to S. epidermidis; how-
ever, generally, no statistically significant differences were
found among the 5 genogroups in terms of the de-
mographics, underlying diseases, clinical symptoms/signs
and laboratory data, antibiotics used and clinical outcomes.

Table 5 summarizes the results of molecular typing for S.
epidermidis from five selected reports11,31e34 worldwide.
Among the five reports, a total of 485 clinical, infecting
isolates and 60 colonizing isolates collected between 2002
and 2018 from four countries were characterized, and the
results showed that the isolates were genetically hetero-
geneous in each study and the prevailing strains (STs) were
also diverse in different studies, but most of the isolates,
particularly those causing complicated infections, shared
only a limited number of STs and belonged to clonal com-
plex (CC) 2. Using genomics to analyzing isolates from 96
institutions in 24 countries, Lee et al. reveal that three
multidrug-resistant, hospital-adapted lineages of S. epi-
dermidis (two ST2 and one ST23) have emerged in recent
decades and spread globally.15,35 Altogether, the prevalent
strains (STs) of S. epidermidis may differ in different re-
gions, countries, and continents; however, the majorities of
these strains (STs) belong to CC2.

Although we detected a diversity of SCCmec types in this
study, the number size of SCCmec type IV was larger than
those of SCCmec types I, II, III and V. All the ST59 isolates
carried SCCmec type IV, which maybe can confer that
SCCmec IV increased the dissemination ability.36 According
to the eBURST analysis,37 S. epidermidis STs could be
cluster into some clonal complex (CC). ST2, which was the
global dominant S. epidermidis strain, belonged to CC2eI;
while the major clone in our NICU, ST59, was classified in
CC2-II. CC2eI had higher methicillin resistant rate (95.2%)
than CC2-II (70.7%),13 while in this study more than 90% of
S. epidermidis isolates were oxacillin-resistant. Bayesian
analysis of population structure (BAPS) analysis11,38 classi-
fied S. epidermidis STs into 6 genetic clusters (GCs). ST2
belonged to GC5, while ST59 was brought into GC6. GC5
could form a hard biofilm and bring the virulence markers,
such as icaA, making it have significant resistance to certain
antibiotics, including oxacillin, clindamycin, gentamicin,
and TMPeSMX.39 Therefore, those properties made the
clone well adapted to the nosocomial environment and
became the most prevalent clone around the world. How-
ever, GC6 was also common in clinical specimens, but it
possessed less virulence factors than GC5.40

Similar to previous studies, increasing incidence rate of
LOS in infants with a lower birth weight and gestational age



Table 3 Comparison of laboratory characteristics of 78 episodes of late-onset sepsis caused by Staphylococcus epidermidis in infants stayed in neonatal intensive care units,
stratified by sequence types (STs).

Laboratory data Total (n Z 78) ST 59/1124
(n Z 29)

ST35 (n Z 11) ST89 (n Z 8) ST2 (n Z 9) Others (n Z 21 p-valuec

WBC (c1000/mL) at
onset, mean þ
�SD

10.4þ-4.8 (2.2
e24.3)

10.9þ-5.5 (2.2
e24.3)

9.8þ-4.7 (5.3
e19.8)

12.6þ-4.1 (5.6
e17.2)

9.5þ-5.1 (4.6
e20.2)

9.6þ-3.8 (4.6e18.1) 0.56

Peak WBC (c1000/mL)
count, mean þ
�SD

14.2þ-5.3 (6.5
e38.7)

14.8þ-4.7 (7.4
e28)

13.0þ-3.7 (6.8
e19.8)

14.2þ-2.0 (11.8
e17.2)

14.5þ-7.0 (6.9
e27.4)

13.8þ-7.0 (6.5e38.7) 0.89

Nadir WBC (c1000/mL)
count, mean þ
�SD

8.7þ-3.8 (1.2
e22.1)

9.4þ-4.4 (2.2
e22.1)

7.5þ-3.7 (1.2e13) 10.3þ-3.7 (5.6
e15.2)

8.0þ-4.0 (4.6
e17.6)

8.1þ-3.0 (3e13.5) 0.377

Leukocytosis (peak)a 14 (17.9%) 5 (17.2%) 2 (18.2%) 2 (25%) 3 (33.3%) 2 (9.5%) 0.557
Leukopenia (nadir)b 6 (7.7%) 2 (6.9%) 2 (18.2%) 0 (0%) 0 (0%) 2 (9.5%) 0.606
Hb (g/dL) at onset,

mean þ �SD
12.1þ-1.9 (7.5
e19.4)

12.3þ-2.3 (9.1
e19.4)

11.9þ-1.7 (9
e14.3)

12.1þ-1.3 (10.3
e13.7)

11.4þ-2.1 (7.5
e13.8)

12.1þ-1.5 (9.9e15.3) 0.816

Nadir Hb level (g/dL),
mean þ �SD

10.6þ-1.7 (7.5
e17.2)

11.0þ-1.8 (8.4
e17.2)

10.8þ-1.5 (9
e13.7)

10.1þ-0.7 (9.4
e11.2)

10.3þ-1.8 (7.5
e12.9)

10.3þ-1.8 (8e14.4) 0.516

Hb < 10 g/dL (nadir) 30 (38.5%) 7 (24.1%) 3 (27.3%) 4 (50%) 4 (44.4%) 12 (57.1%) 0.145
Platelet (c1000/mL) at

onset, mean þ
�SD

218.5þ-132.4 (28
e603)

254.2þ-139.4 (37
e603)

202.2þ-132.5 (61
e431)

194.9þ-104.6 (58
e365)

242þ-122.1 (67
e472)

176.8þ-131.9 (28e492) 0.301

Nadir platelet count
(c1000/mL),
mean þ �SD

174.3þ-124.5 (11
e603)

207.2þ-138.2 (30
e603)

153.1þ-134.5 (12
e369)

174.4þ-96.8 (11
e310)

181.8þ-123.1 (25
e371)

136.6þ-105.8 (14e325) 0.373

Platelet<150,000/mL
(nadir)

38 (48.7%) 11 (37.9%) 7 (63.6%) 3 (37.5%) 5 (55.6%) 12 (57.1%) 0.49

CRP (mg/L) at onset,
mean þ �SD

22.8þ-24.8 (0.23
e138.4)

19.3þ-29.1 (0.23
e138.4)

30.3þ-26.8 (2.4
e69.8)

26.2þ-20.8 (0.4
e54.8)

17.8þ-13.4 (1.03
e33.97)

25.2þ-23.0 (0.28e68.23) 0.485

Highest C-reactive
protein (mg/dL),
mean þ �SD

34.1þ-30.5 (0.5
e158.35)

25.3þ-28.4 (0.5
e138.4)

51.2þ-41.3 (13.56
e158.35)

40.8þ-37.2 (1.46
e98.2)

35.8þ-17.3 (1.35
e56.87)

34.0þ-26.8 (1.55e104.84) 0.18

CRP>40 mg/L (peak) 25 (32.1%) 5 (17.2%) 6 (54.5%) 3 (37.5%) 4 (44.4%) 7 (33.3%) 0.158
a Leukocytosis was defined as WBC count S15,000/mL in patients older than 1-month-old and S30,000/mL in patients younger than 1-month-old.
b Leukopenia was defined as WBC count <4500/mL.
c Pearson’s chi-squared test was used to analyze categorical variables and One-Way ANOVA was used to compare means of numerical variables with post hoc test.

SD, standard deviation; WBC, white blood cell; Hb, hemoglobin; CRP, serum C-reactive protein.
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Table 4 Comparison of antibiotic susceptibility of 78 Staphylococcus epidermidis isolates stratified by sequence types (STs).

Antibiotics Total
(n Z 78)
No. (%)

ST59#
(n Z 29)
No. (%)

ST35
(n Z 11)
No. (%)

ST89
(n Z 8)
No. (%)

ST2
(n Z 9)
No. (%)

Others
(n Z 21)
No. (%)

p-valueb

Clindamycin 46 (59.0) 23 (79.3) 4 (36.4) 4 (50) 3 (33.3) 12 (57.1) 0.034
Erythromycin 22 (28.2) 6 (20.7) 1 (9.1) 1 (12.5) 2 (22.2) 12 (57.1) 0.018
Oxacillin 3 (3.8) 0 0 1 (12.5) 0 2 (9.5) 0.181
Penicillin 1 (1.3) 0 0 0 0 1 (4.8) 0.628
SXT 58 (74.4) 13 (44.8) 11 (100) 8 (100) 8 (88.9) 18 (85.7) <0.001
Rifampin 75 (96.2) 28 (96.6) 11 (100) 8 (100) 9 (100) 19a(90.5) 0.800
Linezolid 78 (100) 29 (100) 11 (100) 8 (100) 9 (100) 21 (100) e

Vancomycin 78 (100) 29 (100) 11 (100) 8 (100) 9 (100) 21 (100) e

Teicoplanin 78 (100) 29 (100) 11 (100) 8 (100) 9 (100) 21 (100) e

a Both isolates resistant to rifampin belonged to ST23/pulsotype2000.
b Pearson’s chi-squared test was used to analyze categorical variables and One-Way ANOVA was used to compare means of numerical

variables with post hoc test.
ST, sequence type; SXT, trimethoprim/sulfamethoxazole.
#This group included one isolate of ST1124, which is a single locus variant of ST59.

Table 5 Summary of the results of molecular typing for Staphylococcus epidermidis from five selected reports worldwide.

References, study period City, country No.
isolates

Sites isolation Remarks

Guo et al., 2002e201431 Wenzhou, China 223 Sterile, infecting 28 STs were identified and
most of the clinical isolates
belonged to CC2

Xu et al., 201832 Tianjin, China 60 Hands, colonizing ST59 (31.7%) and ST35
(6.7%) were the two most
common clones detected

Bispo et al., 200933 Brazil 30 Ocular, infecting 12 different STs were
detected with a
predominance of ST59
(30%), ST5 and ST6 (13.3%
each). 93.3% of the isolates
belonged to CC2 and
grouped mainly within
subcluster CC2-II (92.9%).

Mendes et al., 201011 United States 71 Any, infecting 27 STs were detected, and
ST5 (21.1%) and ST2 (16.9%)
predominated. 87.3% of STs
belonged to CC2.

Shelburne et al., 2011e201734 United States
and Spain

161 Bloodstream, infecting 49 sequence types (STs)
were identified. All strains
causing complicated
infections were derived
from five STs, namely ST2,
ST5, ST7, ST16, and ST32.

ST, sequence type; CC, clonal complex.

Y.-H. Huang, Y.-R. Yeh, R.-I. Lien et al.
were noted due to the frequent usage of invasive catheters
and longer time of hospitalization.41e43 In this study, nearly
half of the patients born with a very low birth weight
(<1500g), and more than one-third of the patients were
born with a <30-week gestation. Also, more than one-third
of the patients had underlying diseases. However, no sta-
tistically significant differences were noted among the 5
genogroups in terms of demographics and most underlying
1222
conditions except underlying immune disease which was
significantly associated with patients with ST2 infection
(P Z 0.021). Age of onset ranged from 4 to 150 days with a
mean of 32.88 days. Central venous catheters were used at
the onset of bacteremia in all the 78 episodes and of the
removed catheters sent for culture, more than one-third
revealed a positive result for S. epidermidis, suggesting
peripherally inserted central catheter-related bacteremia
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likely. A scenario, in which a very-low-birth-weight pre-
mature infant with a peripherally-inserted central venous
catheter for nutritional support developed LOS due to S.
epidermidis weeks later, was frequently seen in modern
NICUs.

As expected, clinical symptoms at the onset of S. epi-
dermidis bacteremia are non-specific and included fever,
tachycardia, bradycardia, desaturation, and abdominal
distention etc. As for laboratory data, leukocytosis was
noted in less than one-fifth of the episodes at the onset,
while 7.7% patients showed leukopenia and thrombocyto-
penia (platelet count <150,000/mL) was noted in nearly
half of the episodes. The mean C-reactive protein level at
onset was 22.8 mg/L (normal, <5 mg/L), ranging from 0.23
to 138.4 mg/L, and a value of >40 mg/L was noted in nearly
one-third of the episodes. These findings again suggest that
LOS caused by S. epidermidis is clinically significant and
cannot be ignored. No statistically significant differences
were found among the 5 genogroups in terms of clinical
symptoms/signs and laboratory data.

Recently, the increase of antibiotic resistance among S.
epidermidis is an emerging issue worldwide.35 The patho-
genic mechanism of S. epidermidis is mostly because of its
ability to colonize on indwelling medical devices and form
an adherent multi-layered biofilm within 24 h of invasion,4

which is a big problem in treating S. epidermidis infection
because bacterial biofilm provides significant resistance to
antibiotics.4 In the current study, though oxacillin resistant
rate was quite high (>95%), all the isolates were suscepti-
ble to linezolid, teicoplanin and vancomycin and only three
isolates were resistant to rifampin. It is intriguing that the
isolates of ST59/1124 were significantly associated with a
higher susceptibility to clindamycin while lower suscepti-
bility to trimethoprim/sulfamethoxazole than other sub-
genogroups. However, the three multidrug-resistant, glob-
ally-spread lineages of S. epidermidis revealed by Lee
et al.15 are resistant to rifampicin through acquisition of
specific rpoB mutations and these rpoB mutations not only
confer rifampicin resistance, but also reduce susceptibility
to the last-line glycopeptide antibiotics, vancomycin and
teicoplanin. This previously unrecognized international
spread of a near pandrug-resistant opportunistic pathogen
deserved further surveillance and observation for clinical
impact.

There are several limitations in this study. First, this
study was conducted in a single medical center and the
epidemiologic features shown here may not represent the
whole perspective in Taiwan. However, our hospital is the
largest hospital in Taiwan and the case number in this study
was not small, so it still can partly reflect the current status
of S. epidermidis in NICU in Taiwan. Second, though the
isolates were systemically collected, medical records of the
patients were retrospectively reviewed, so some clinical
features recorded and laboratory data examined in the
patients were not consistent and the comparison may be
misleading. However, the items we chose for comparison
were consistent. Third, we included the infants with only
one blood culture positive for S. epidermidis, which are
considered to be not true infection, in this study. However,
all the infants had clinical symptoms/signs, had a
peripherally-inserted central catheter at the onset of LOS
and received at least 5-day course of antimicrobial therapy.
1223
In addition, all the S. epidermidis isolates from a single
episode were genetically indistinguishable in 16 of 19 epi-
sodes with multiple isolates from a single episode and 3 of
4 S. epidermidis isolates from a single episode were
genetically indistinguishable in an additional case, sug-
gesting that the true infection rate is high.

Conclusions

More than 90% of S. epidermidis bloodstream isolates from
infants in neonatal units in northern Taiwan were resistant
to oxacillin. Though diverse, more than 90% of the isolates
(episodes) belonged to clonal complex 2, and four major
strains of S. epidermidis, namely ST59, ST35, ST2 and ST89,
accounted for more than 70% of the isolates. No statistically
significant difference was found among the NICU-
hospitalized infants infected with these 4 genotypes and
other genotypes in terms of demographics, clinical symp-
toms/signs and laboratory data. In addition to oxacillin,
resistance to clindamycin, and trimethoprim/sulfamethox-
azole were identified in a substantial proportion of the
isolates and was significantly associated with genotypes. No
reduced susceptibility to glycopeptides or linezolid was
noted among these isolates. Further surveillance is needed.
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