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Abstract

Methicillin-resistant Staphylococcus aureus (MRSA) infections cause significant morbidity and
mortality in neonatal intensive care units (NICUs). We characterized the clinical and molecular
epidemiology of MRSA strains colonizing NICU patients. Nasal MRSA isolates (n=250, from 96
NICU patients) recovered through active surveillance from 2009-2014 were characterized with
Staphylococcal cassette chromosome mec (SCCmec) typing and detection of mupA (marker of
high-level mupirocin resistance) and gacA/B (marker associated with chlorhexidine resistance).
Factors associated with community-associated (CA-) or healthcare-associated (HA-) MRSA were
evaluated. The overall prevalence of MRSA nasal colonization was 3.9%. Of 96 neonates in our
retrospective cohort, 60 (63%) were colonized with CA-MRSA strains and 35 (36%) were
colonized with HA-MRSA strains. Patients colonized with HA-MRSA were more likely to
develop MRSA infections than patients colonized with CA-MRSA (13/35 [37%] vs. 8/60 [13%],
p=0.007), although the interval from colonization to infection was shorter in CA-MRSA-colonized
infants (0 days [range —1 to 4] versus HA-MRSA-colonized infants, 7 days [-1 to 43], p=0.005).
Maternal peripartum antibiotics were associated with CA-MRSA colonization (adjusted odds ratio
[aOR] 8.7; 95% confidence interval [CI] 1.7, 45.0); intubation and surgical procedures were
associated with HA-MRSA colonization (aOR 7.8; 95% ClI 1.3, 47.6 and aOR 6.0; 95% CI 1.4,
24.4, respectively). Mupirocin- and chlorhexidine-resistant MRSA was isolated from 4 and 8
patients, respectively; carriage of a mupirocin-resistant strain precluded decolonization. CA-
MRSA strains are prominent in the NICU and associated with distinct risk factors. Given
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community reservoirs for MRSA acquisition and transmission, novel infection prevention
strategies are needed.

INTRODUCTION
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From its emergence in 1961 [1, 2] until the late 1990s [3], methicillin-resistant
Staphylococcus aureus (MRSA) was largely a nosocomial pathogen, affecting patients
undergoing surgery or dialysis, receiving prolonged courses of antibiotics, residing in long-
term care facilities, or requiring indwelling catheters or percutaneous medical devices [4].
During the late 1990s, new MRSA strains emerged in the community, affecting otherwise
healthy adults and children. These community-associated (CA) MRSA strains are distinct,
both clinically and genetically, from traditional healthcare-associated (HA) MRSA strains
[5]. The enhanced virulence properties of CA-MRSA strains frequently result in
hospitalization, thus introducing these clones into healthcare settings. The predominant
strain types in many United States (U.S.) healthcare settings, including neonatal intensive
care units (NICUs), have shifted from HA-MRSA to CA-MRSA [6-9], presenting new
challenges for clinicians and infection prevention specialists. Additionally, our knowledge of
factors associated with CA-MRSA acquisition and transmission in healthcare settings is
limited.

Critically ill neonates are exposed to myriad factors which render them vulnerable to MRSA
colonization and infection, subjecting them to increased morbidity and mortality as well as
prolonged hospitalizations [7, 10-12]. Neonatal MRSA colonization is a demonstrated risk
factor for invasive MRSA infection, and patients colonized with MRSA serve as reservoirs
for transmission to other patients [9, 13, 14]. This underscores the importance of effective
MRSA infection prevention measures in the NICU. To this end, many centers conduct active
surveillance to detect MRSA colonization; some centers employ decolonization protocols
which may include intranasal mupirocin and occasionally chlorhexidine baths for colonized
patients [9, 15]. However, the efficacy of these decolonization measures in preventing
MRSA infections is unclear, and many neonates may become recolonized over time [15].
Additionally, widespread use of these topical antimicrobials confers a risk of emerging
resistance [16-18], although the prevalence of mupirocin- and chlorhexidine-resistant strains
in NICU settings is largely unknown.

To inform infection prevention strategies, the objectives of our study were to measure the
prevalence of MRSA colonization in our NICU based on active surveillance; determine the
clinical and molecular epidemiology of MRSA strains recovered from NICU patients,
specifically to identify factors associated with CA-MRSA versus HA-MRSA colonization;
and measure the prevalence of mupirocin and chlorhexidine resistance in NICU MRSA
isolates.
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PATIENTS AND METHODS

Study Population

This retrospective cohort study was conducted from July 2009 to April 2014 in the St. Louis
Children's Hospital (SLCH) Level IV NICU (70 beds: 36 in private rooms and 34 in 2 open
bays). The study was approved by the Washington University School of Medicine
Institutional Review Board with waiver of consent for the infants and mothers.

An MRSA active surveillance program was implemented in the SLCH NICU in 2004,
whereby MRSA surveillance cultures are obtained from the nares of each patient upon
admission and weekly thereafter throughout their NICU stay. Infants with positive MRSA
cultures are considered colonized and are placed in contact isolation (requiring healthcare
workers to wear gowns and gloves when handling the infants) for the remainder of their
hospitalization. A standard decolonization protocol was introduced in 2006 for MRSA
colonized NICU patients consisting of intranasal 2% mupirocin ointment twice daily for 7
days plus, for infants greater than 30 weeks gestation, a 1-time bath from the neck down
with 2% chlorhexidine gluconate cloths.

Infants included in this study were NICU patients who were colonized with MRSA, as
detected through active surveillance, and whose isolates were stored by the SLCH Clinical
Microbiology Laboratory. We excluded MRSA-colonized neonates whose isolates were not
stored or those who were discharged home from a hospital prior to SLCH NICU admission
(and thus had exposures outside the hospital environment). The following infant-related data
were collected: gender, race (self-reported), gestational age, birth weight, location of birth
(patients born at our medical center [inborn] vs. born at an outside institution [outborn]),
mode of delivery, presence of multiple gestations, underlying illnesses, surgical procedures,
nutrition via nasogastric or orogastric tube, endotracheal intubation, number of ventilator
days, presence of a central line, systemic antibiotic exposure, maternal skin-to-skin contact,
exposure to maternal or donor breast milk, results of all MRSA surveillance cultures, and
incidence of MRSA infections. Mothers’ charts were available for 60 infants and were
reviewed for maternal antibiotic exposure prior to delivery.

Surveillance Cultures

MRSA surveillance swabs were collected from the anterior nares of each neonate by the
NICU nursing staff upon admission and then weekly and submitted to the SLCH Clinical
Microbiology Laboratory; swabs were inoculated onto MRSA chromogenic agar (BBL
CHROMagar MRSA, Becton Dickinson [BD], Franklin Lakes, NJ from July 2009 to August
2011; chromID MRSA, bioMerieux, Durham, NC from August 2011 to April 2014). MRSA
isolates were frozen and stored at —80°C prior to further analyses. Persistent colonization
was defined as 3 or more consecutive positive surveillance MRSA cultures.

Antibiotic susceptibility testing

Disk diffusion testing on Mueller-Hinton agar (BBL, BD) was performed on all isolates to
detect resistance to cefoxitin (as an indicator of methicillin resistance), erythromycin,
clindamycin (and D-test determination), trimethoprim-sulfamethoxazole, rifampin,
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tetracycline, ciprofloxacin, linezolid, ceftaroline, and mupirocin according to Clinical and
Laboratory Standards Institute guidelines [19]. Subsequently, multiplex polymerase chain
reaction (PCR) was performed to detect the mupA and gacA/B genes, which confer high-
level mupirocin and chlorhexidine resistance, respectively [20]. MRSA isolates possessing
the gacA/B genes were subsequently characterized by repetitive-sequence polymerase chain
reactions (repPCR) as described previously [21-23].

Staphylococcal Cassette Chromosome mec (SCCmec) Typing

All MRSA isolates underwent SCCmec genotyping by multiplex PCR testing to detect and
differentiate types | through V, as described elsewhere [24]. Strains possessing SCCmec
types I, I1, or 11 were classified as HA-MRSA, and strains with SCCmectypes IV or V were
classified as CA-MRSA.

Statistical Analyses

RESULTS

Data were analyzed using SPSS 22 for Windows (IBM SPSS, Chicago, IL). Factors
associated with HA- or CA-MRSA colonization were analyzed by the Mann-Whitney U test
(for continuous data) and Pearson's chi-square test (for categorical data). All tests for
significance were 2-tailed, and p-values <0.05 were considered significant. Multivariable
analysis by backward stepwise logistic regression included variables with p<0.1 in univariate
analysis.

Patient characteristics

Between July 2009 and April 2014, there were 3,700 admissions to the SLCH NICU; 143 of
these infants (3.9%) were found to be colonized with MRSA. From the 143 NICU patients
colonized with MRSA over the study period, 265 MRSA isolates from 106 NICU patients
had been stored by the SLCH Clinical Microbiology Laboratory and were available for
antibiotic susceptibility testing and molecular analysis (Figure 1). Ten patients (15 isolates)
were excluded from the study cohort because they had been discharged home from a
hospital prior to SLCH NICU admission. Thirteen of the remaining 96 patients (37 isolates)
were transferred from an outside hospital to the SLCH NICU more than 48 hours after birth;
as complete epidemiologic data were not available from the transferring institution, these
infants were included only in the microbial analysis. Of note, these 13 infants were
colonized with MRSA at the time of transfer to our NICU. A thorough evaluation of the
electronic medical record was conducted for the remaining 83 patients (213 isolates) in
addition to microbial testing (Figure 1).

Within our cohort of 96 neonates, median gestational age was 30 weeks (range 23-41), 55/96
(57%) were male, 53/96 (55%) were very low or extremely low birth weight (<1500 g), and
53/96 (55%) were inborn. The median NICU length of stay was 57 days (range 5-455).
Excluding neonates colonized at admission (14/96, 15%), the median time from admission
to colonization was 18 days (range 4-133). Patients had a median of 9 colonization cultures
obtained (range 1-67) during their NICU stay; the median number of positive MRSA
cultures per patient was 2 (range 1-23) (Table 1). Fifteen patients in our study cohort were
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part of a multiple gestation pregnancy; of these 15 groups of multiples, in 2 sets of twins,
both twins were colonized with MRSA.. For the remaining MRSA-colonized multiples, their
siblings were neither colonized nor infected with MRSA.

Intranasal mupirocin administration was documented in 73/83 (88%) colonized neonates;
52/83 (63%) received both intranasal mupirocin and a chlorhexidine bath. Persistent
colonization was seen in 30/90 (33%) patients. Patients who received decolonization
measures were less likely to be persistently colonized compared to those who did not,
though this did not reach statistical significance (28% [20/71] vs. 56% [5/9], p=0.10).

Molecular Epidemiology

CA-MRSA strains were recovered from 60/96 (63%) patients (SCCmec type 1V: 59 patients,
128/250 isolates [51%]; SCCmectype V: 1 patient, 1/250 isolates [0.4%]) (Figure 2). HA-
MRSA strains (SCCmec type I1) were recovered from 35/96 patients (36%; 120/250 isolates
[48%]). One patient's isolate was not typable by SCCmec PCR. Approximately half of the
patients (51/96) had multiple positive MRSA surveillance cultures and a third (31/96) had 2
or more MRSA isolates in our collection. When multiple MRSA isolates were recovered
from the same patient, all isolates were of the same SCCmectype. Significant factors
associated with CA-MRSA colonization (compared to neonates colonized with HA-MRSA)
included being inborn (63% [38/60] vs. 40% [14/35], p=0.03) and maternal peripartum
antibiotic exposure (70% [28/40] vs. 42% [8/19], p=0.04) (Table 1). Factors associated with
HA-MRSA colonization (compared to neonates colonized with CA-MRSA) included
Caucasian race (74% [26/35] vs. 50% [30/60], p=0.02), MRSA colonization at the time of
admission (29% [10/35] vs. 7% [4/60], p=0.004), endotracheal intubation (84% [21/25] vs.
56% [32/57], p=0.02), and previous exposure to IV clindamycin (28% [7/25] vs. 5% [3/57],
p=0.004). Time from NICU admission to MRSA colonization did not differ significantly
between neonates colonized with CA- and HA-MRSA (Table 1).

In multivariable analysis, neonates whose mothers received peripartum antibiotics were
more likely to be colonized with CA-MRSA (adjusted odds ratio [aOR] 8.7; 95% confidence
interval [CI] 1.7, 45.0) than HA-MRSA.. Neonates undergoing intubation or surgical
procedures were more likely to be colonized with HA-MRSA (aOR 7.8; 95% CI 1.3, 47.6
and aOR 6.0; 95% ClI 1.4, 24.4, respectively) than CA-MRSA.

MRSA Infection

MRSA infections were documented in 22 (23%) of the 96 colonized patients in our cohort:
tracheitis/pneumonia (n=15), bacteremia (n=2), tracheitis/pneumonia and bacteremia (n=2),
and urinary tract infection, peritonitis, and conjunctivitis (n=1 each). Five of the 14 (36%)
infants who were colonized at the time of transfer to our NICU subsequently developed an
MRSA infection, while 17 of the 82 (21%) infants not colonized at the time of NICU
admission developed an MRSA infection (p=0.3). Patients colonized with HA-MRSA were
more likely to develop an MRSA infection than patients colonized with CA-MRSA (13/35
[37%] vs. 8/60 [13%], p=0.007). The time from detection of MRSA nasal colonization to
development of MRSA infection in the NICU ranged from -1 to 43 days (median 4 days).
Of note, 10 of the 22 (45%) patients’ MRSA infections developed within 1 day of their first
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positive MRSA nasal culture. Patients colonized with CA-MRSA had a shorter time to
MRSA infection (median 0 days, range —1 to 4) compared to patients colonized with HA-
MRSA (median 7 days, range -1 to 43; p=0.005).

Mupirocin and Chlorhexidine Resistance

Four of 96 patients (4%; 11 of 250 isolates, 4%) were colonized with mupirocin-resistant
(mupA positive) MRSA isolates. All 4 patients were colonized with mupirocin-resistant
strains in their first positive surveillance culture, and none had overlapping NICU
hospitalizations (Figure 3a). MRSA was eradicated from only 1 of 4 patients (25%) with a
mupirocin-resistant strain, compared to 83% (76/92) of patients colonized with mupirocin-
susceptible strains (p=0.005). HA-MRSA isolates were more likely to be mupirocin resistant
than CA-MRSA strains (8% [9/120] vs. 2% [2/129], p=0.02) (Table 2).

Eight of 96 patients (8%; 8 of 250 isolates, 3%) were colonized with chlorhexidine-resistant
(gacA/B positive) MRSA strains (Figure 3b). Among the 8 chlorhexidine-resistant MRSA
isolates, 3 distinct strain types were identified by repPCR (reducing the likelihood of clonal
expansion of a single strain). Of interest, twins in adjacent rooms were colonized with
identical, chlorhexidine-resistant, strains by repPCR (recovered within 6 days). MRSA
eradication did not differ between patients colonized with chlorhexidine-resistant and
chlorhexidine-susceptible MRSA strains. CA-MRSA isolates were more likely to be
chlorhexidine resistant than HA-MRSA isolates (5% [7/129] vs. 1% [1/120], p=0.04) (Table
2). No patients carried both mupirocin- and chlorhexidine-resistant MRSA strains.

Antibiotic Susceptibility

The majority of isolates were susceptible to trimethoprim-sulfamethoxazole, rifampin,
tetracycline, linezolid, and ceftaroline (Table 2). Only 33% (82/250) of isolates overall were
clindamycin susceptible. HA-MRSA isolates were less likely to be susceptible than CA-
MRSA isolates to clindamycin (1% [1/120] vs. 62% [80/129], p<0.001), erythromycin (0%
[0/120] vs. 9% [11/129], p=0.001), and ciprofloxacin (12% [14/120] vs. 69% [89/129],
p<0.001). Mupirocin-resistant strains were less likely to be susceptible to ciprofloxacin (9%
[1/11] vs. 43% [103/239], p=0.025), and chlorhexidine-resistant strains were less likely to be
susceptible to rifampin (88% [7/8] vs. 99.6% [241/242], p<0.001).

DISCUSSION

MRSA colonization represents a growing problem for critically ill neonates, posing risk for
subsequent invasive MRSA infection, resulting in significant morbidity and mortality.
Notwithstanding an active surveillance and isolation program and standardized
decolonization protocol, nearly 4% of the infants in our NICU were colonized with MRSA
over the study period, consistent with previous NICU studies in the U.S. [9, 25]. Within our
study cohort, the predominant colonizing strains were CA-MRSA, and infants colonized
with these CA-MRSA strains developed infections more quickly than infants colonized with
traditional HA-MRSA strains. These findings are concerning given the insular and protected
nature of the NICU environment; that is, these patients have not had prior exposure to the
community. Healthcare workers and environmental surfaces have traditionally been
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considered reservoirs for MRSA transmission among hospitalized neonates. However, as
MRSA is now disseminated throughout the community, we must also consider the role of
family members [26] and other visitors as vectors for MRSA acquisition among NICU
patients, and perhaps incorporate them into our infection prevention strategies, while at the
same time preserving the culture of the unit.

Endogenous MRSA colonization poses a 20-fold increased risk for subsequent invasive
MRSA infection in neonates [8, 9]. This risk, as well as the potential for colonized neonates
to serve as reservoirs for transmission to other vulnerable patients within the NICU, has
prompted a focus on infection prevention measures to decrease MRSA colonization rates [9,
13, 14]. While cohorting, isolation, and contact precautions are effective in reducing MRSA
prevalence rates [25], many U.S. centers, upon identifying an MRSA colonized patient,
employ topical antimicrobials in an effort to eradicate MRSA carriage and thereby prevent
MRSA transmission and infection [27, 28]. Among adult patients, the practice of universal
chlorhexidine bathing has yielded success in reducing the incidence of MRSA infection in
ICUs compared to surveillance and isolation alone [29]. However, this practice may not be a
feasible intervention in NICUs given the potential for toxicity in this patient population [30].
At present, there is a paucity of data from randomized trials to inform decolonization
practices among critically ill neonates. With the application of mupirocin for decolonization,
several centers have reported a reduction, albeit not complete elimination, in the incidence of
S. aureus infections in neonates [14, 31]. In the present study, we were encouraged that
patients receiving topical antimicrobials were less likely to be persistently colonized with
MRSA compared to those not receiving decolonization (28% vs. 56%, respectively); while
this finding did not reach statistical significance (p=0.10), it is clinically significant and
supports the practice of decolonization in this setting. However, ongoing surveillance is
essential as patients may reacquire MRSA colonization, likely due to ongoing exposure to
transmission reservoirs [15], such as colonized family members or contaminated
environmental surfaces in the healthcare setting.

A potential downside to the widespread use of topical antimicrobials is the emergence of
resistance. In this study of MRSA isolates recovered from critically ill neonates, it was
reassuring that the overall prevalence of resistance to the topical agents evaluated was low.
Consistent with prior investigations of healthy children with skin and soft tissue infections
[20], in the present study, carriage of a mupirocin-resistant MRSA strain precluded
decolonization efforts, and thus, mupirocin resistance should be considered in patients
persistently colonized with MRSA. McNeil et al. examined S. aureus isolates recovered
from compromised pediatric patients (specifically those with malignancy and congenital
heart disease) at Texas Children's Hospital, revealing a notable rise in the prevalence of
chlorhexidine resistance, as high as 45%, coincident with the increased use of chlorhexidine
bathing in these populations [32, 33]. Thus, when considering implementation of a
decolonization program, the potential benefit of decreasing the incidence of infection must
be weighed against the risk of emergence of resistant strains.

The strengths of this study include detailed clinical analysis and molecular characterization
of the isolates for both strain typing and resistance to topical anti-infective agents. There are
several limitations to this study. The MRSA isolates available for analysis represented a
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convenience sample of isolates stored in our clinical microbiology laboratory. Moreover,
these isolates were collected from patients in a Level IV NICU at a large referral center in
the U.S., and may not be generalizable to other institutions or settings. Active surveillance
cultures were collected exclusively from the anterior nares, which is less sensitive for
detecting MRSA colonization compared to swabbing multiple anatomic sites [34]. Given the
nature of retrospective medical record review, we may have underestimated the proportion of
infants treated with topical antimicrobials for the purposes of decolonization. Additionally,
outside records were not available for all of the outborn patients, and thus these patients
could not be included in the epidemiologic analyses. Finally, the small number of isolates
carrying the mupA or gacA/B genes limited our ability to identify factors associated with
mupirocin and chlorhexidine resistance.

Due to the risk MRSA poses to critically ill neonates, determining viable solutions to
preventing infections is essential. To date, infection prevention practices have focused
largely on identifying MRSA-colonized neonates and instituting isolation and targeted
decolonization for these patients. To more effectively protect these fragile infants, we must
expand our scope to fully understand MRSA reservoirs for acquisition, as well as the
transmission dynamics of this pathogen, within the NICU. Logistical factors and social
barriers have prohibited us from understanding the colonization dynamics of healthcare
workers, as detecting colonization in these individuals raises a conundrum surrounding their
involvement in patient care. Screening family members and other visitors entering the NICU
environment for MRSA colonization raises similar questions. Finally, the role of the NICU
environment in harboring and transmitting harmful microorganisms is relatively unexplored.
Thus, future studies are needed to understand the interplay among NICU patients, healthcare
workers, environmental sources, and community reservoirs. As we are nearing the limit of
traditional infection prevention measures to prevent MRSA transmission and infection, this
knowledge will inform future strategies, accounting for factors both internal and external to
the hospital setting to prevent MRSA acquisition among neonates.
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July 2009 - April 2014

143 NICU patients
with MRSA colonization
detected by active surveillance
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= Surveillance culture isolates not stored for 37 patients. I

106 patients (265 isolates)

whose MRSA nasal isolates

were stored by the Clinical
Microbiology Laboratory

10 patients (15 isolates) excluded from study cohort
because they were discharged from hospital before
admission to the NICU (thus had outside exposures).

96 patients (250 Isolates)
included in study

Full Chart Review

83 patients
(213 isolates)

Microbiology Review

13 patients
(37 isolates)

Figure 1.

Flow chart of participant selection. Patients transferred into the SLCH NICU from an
outside hospital more than 48 hours after birth and colonized with methicillin-resistant S.
aureus upon admission to the SLCH NICU were not included in the full chart review, but the
microbiology data for their isolates was included in the analysis.
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MRSA Strain Type by Year
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Figure 2.

Proportion of patients colonized in the anterior nares with HA-MRSA (SCCmectype Il) and

CA-MRSA (SCCmectypes IV and V) strains by year in the NICU.
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Figure 3.
a. Overview of surveillance cultures of patients colonized with MRSA strains exhibiting

mupirocin resistance (possessing the mupA gene). 3b. Overview of surveillance cultures of
patients colonized with MRSA strains exhibiting chlorhexidine resistance (possessing the
gacA/B genes). Of the 8 chlorhexidine-resistant isolates, 3 distinct strain types were
identified, designated as A, B, and C in the figure. Patient IDs NICU 21 and NICU 22 are
twins.
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Comparison of characteristics of NICU patients with HA-MRSA vs. CA-MRSA nasal colonization cultures,

univariate analysis

Patient Characteristics (N=96 unless otherwise specified) Total N=96 (%) HA-MRSAZN=35 CA-MRSA®N=60 p-value
Gender
Male 55 (57) 19 (54) 35 (58) 0.70
Female 41 (43) 16 (46) 25 (42)
Race
Caucasian 57 (59) 26 (74) 30 (50) 0.02
African-American and Otherb 39 (41) 9(26) 30(50)
Gestational age, weeks, median (range) 29.9 (23.4-41.1) 29.0 (23.4-41.1) 30.0 (23.7-39.7) 0.44
Birth weight
Extremely low, <1000g 34 (35) 16 (46) 18 (30) 0.24
Very low, <1500g 19 (20) 4(11) 15 (25)
Low, <2500g 23 (24) 7 (20) 16 (27)
Normal, >2500g 20 (21) 8(23) 11 (18)
Location of birth
Inborn® 53 (55) 14 (40) 38 (63) 0.03
Outborn 43 (45) 21 (60) 22 (37)
Mode of delivery
Cesarean 61 (64) 25(71) 36 (60) 0.26
Vaginal 35(37) 10 (29) 24 (40)
Multiple gestation 15 (16) 7 (20) 8 (13) 0.39
Length of NICU stay, median (range), daysd 57(5-455) 82 (12-204) 56 (5-455) 0.53
MRSA-colonized upon NICU admission 14 (15) 10 (29) 4(7) 0.004
Number of surveillance cultures, median (range) 9 (1-67) 10 (2-32) 8.5 (1-67) 0.39
Number of positive surveillance cultures, median (range)® 2 (1-23) 2(1-23) 15(1-18) 0.22
Persistent colonizationf 30(39) 12 (36) 17.(30) 0.56
MRSA infection? 22 (23) 13 (37) 8(13) 0.007
Underlying iIInessd'h 73 (88) 23(92) 50 (88) 0.57
Intubation? 54 (65) 21 (84) 32 (56) 0.02
Length of intubation (if intubated, N=54)d
>7 days 28 (52) 13 (62) 14 (44) 0.20
<7 days 26 (48) 8(38) 18 (56)
Received nutrition through gastric tubed 76(%2) 23(%2) 52(91) 0.91
Surgical proce dured 38 (46) 15 (60) 23 (40) 0.10
Central Iined 60 (72) 19 (76) 40 (70) 0.59
79 (95) 25 (100) 53 (93) 0.17

Received systemic antibioticsd
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i isti = i ifi = 0, -
Patient Characteristics (N=96 unless otherwise specified) Total N=96 (%) HA-MRSA®N=35 CA-MRSA®N=60 P value
Length of systemic antibiotic exposure before first 6 (0-33) 7 (1-33) 6 (0-28) 0.58
positive culture (if given antibiotics, N=79), median (range), daysd
Received clindamycin before first positive cultured 10@2) 7(28) 309 0.004
Received vancomycin before first positive cultured 24.(29) 8(32) 16 (28) 0.72
Maternal peripartum antibiotics (N:GO)dl 37(62) 8 (42) 28(70) 0.04
Skin-to-skin contact with mother (N:75)d 44.(59) 18 (75) 26 (52) 0.06
Received mother's milkd 75(%0) 24(96) 50(88) 0.25
Received donor milk (N=74)7 15(20) 7(29) 8(16) 0.20
Time to MRSA colonization, median (range), days 16 (0-133) 11 (0-133) 17 (0-72) 0.15

Excluding patients colonized at admission, N=82 18 (4-133) 18 (7-133) 18 (4-72) 0.66
Received any decolonization measuresd 73(88) 23(92) 50(88) 0.57
Received both intranasal mupirocin and chlorhexidine bathd 52 (63) 18(72) 34(60) 0.29
Colonized with chlorhexidine-resistant strain 8(8) 1(3) 7(12) 0.14
Colonized with mupirocin-resistant strain 4 (4) 2(6) 2(3) 0.58

Abbreviations: NICU, neonatal intensive care unit; HA-MRSA, healthcare-associated methicillin-resistant Staphylococcus aureus; CA-MRSA,
community-associated MRSA.

aStaphoncoccaI cassette chromosome mec (SCCmec) type Il (HA-MRSA) or IV/V (CA-MRSA) of first recovered MRSA isolate, N=95 (SCCmec
type not able to be determined for 1 isolate).

Other race: 1 biracial (Caucasian/African-American), 1 Asian, and 1 American Indian.
C, .
Born at our medical center.

N=83 (13 patients transferred into the SLCH NICU from an outside hospital >48 hours after birth and colonized upon admission to the SLCH
NICU were included in microbial analyses only as epidemiologic and clinical data were not available).

6401 total positive cultures; 250 isolates (62%) available in laboratory and included in analysis.
f . . . . . .
Colonized with MRSA at 3 consecutive nasal surveillance cultures; 3 patients with <3 cultures excluded, N=90.

gPatients with at least 1 positive MRSA culture that was not a surveillance colonization culture: 15 tracheal aspirate, 2 blood, 2 both tracheal
aspirate and blood, 1 urine, 1 peritoneal fluid, 1 eye drainage.

Underlying illness includes congenital heart disease, bronchopulmonary dysplasia, omphalocele, gastroschisis, retinopathy of prematurity, or other
significant underlying disorder.

Antibiotics administered to mothers (N=37) included: penicillin (13), ampicillin (12), cefazolin (10), azithromycin (4), amoxicillin (3),
amoxicillin-clavulanate (1), ceftriaxone (1), cephalexin (1), erythromycin (1), gentamicin (1), and levofloxacin (1).
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Table 2

Antimicrobial susceptibility profiles of MRSA colonizing isolates recovered from neonates, N=250

% Susceptible

Isolate Characteristics cLi? ERY SXT RIF TET CIP MUP CHG
Overall 33 5 99 99 99 42 96 97
Mupirocin

Resistant (N=11) 18 0 100 100 100 ¢ N/A 100

Susceptible (N=239) 34 5 99 99 99 43 N/A 97
Chlorhexidine

Resistant (N=8) 38 0 100 88d 100 63 100 N/A

Susceptible (N=242) 33 5 99 99 99 41 95 N/A

SCCmec typeb

HA-MRSA (N=120) 10’ Oa’ 100 99 100 120’ 93¢ 99

CA-MRSA (N=129) 62 9 99 99 99 69 98 95

c

Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus, CLI, clindamycin; ERY, erythromycin; SXT, trimethoprim-sulfamethoxazole;
RIF, rifampin; TET, tetracycline; CIP, ciprofloxacin; MUP, mupirocin; CHG, chlorhexidine; SCCmec, staphylococcal cassette chromosome mec;
HA-MRSA, healthcare-associated MRSA; CA-MRSA, community-associated MRSA.

Note: All isolates were susceptible to linezolid and ceftaroline.

aCIindamycin-susceptible isolates that were D-test positive (n=43) were considered clindamycin resistant.

bHA-MRSA include SCCmectype 1lI; CA-MRSA includes SCCmectypes IV and V; 1 isolate was not typable by SCCmec testing (N=249).
Cp<0.05.

dps0.00l.
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