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Abstract

OBJECTIVE—To determine whether the molecular epidemiological characteristics of 

methicillin-resistant Staphylococcus aureus (MRSA) had changed in a level III neonatal intensive 

care unit (NICU).

DESIGN—Retrospective review of medical records.

SETTING—Level III NICU of a university-affiliated children’s hospital in New York, New 

York.

PATIENTS—Case patients were neonates hospitalized in the NICU who were colonized or 

infected with MRSA.

METHODS—Rates of colonization and infection with MRSA during the period from 2000 

through 2008 were assessed. Staphylococcal chromosomal cassette (SCC) mecA analysis and 

genotyping for S. aureus encoding protein A (spa) were performed on representative MRSA 

isolates from each clonal pulsed-field gel electrophoresis pattern.

RESULTS—Endemic MRSA infection and colonization occurred throughout the study period, 

which was punctuated by 4 epidemiologic investigations during outbreak periods. During the 

study period, 93 neonates were infected and 167 were colonized with MRSA. Surveillance 

cultures were performed for 1,336 neonates during outbreak investigations, and 115 (8.6%) 

neonates had MRSA-positive culture results. During 2001–2004, healthcare-associated MRSA 

clones, carrying SCC mec type II, predominated. From 2005 on, most MRSA clones were 
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community-associated MRSA with SCC mec type IV, and in 2007, USA300 emerged as the 

principal clone.

CONCLUSIONS—Molecular analysis demonstrated a shift from healthcare-associated MRSA 

(2001–2004) to community-associated MRSA (2005–2008).

Rates of healthcare-associated infection among newborns hospitalized in the neonatal 

intensive care unit (NICU) are in the range 15%–20%.1,2 Staphylococcus aureus causes 

approximately 7.8% of episodes of late-onset sepsis in very low birth weight neonates (birth 

weight less than 1,500 g).3 However, despite the increasing prevalence of serious infections 

due to methicillin-resistant S. aureus (MRSA) in neonates,4 there are few data regarding 

endemic rates of MRSA in the NICU. Most published reports have focused on MRSA 

outbreak investigations in this setting,5–7 although we have recently described endemic and 

epidemic rates of methicillin-susceptible S. aureus and MRSA in our NICU.8

Community-associated MRSA (CA-MRSA) genotypes and phenotypes are now emerging as 

important causes of infection in people without traditional risk factors for MRSA 

infections.9,10 Recent reports of vaginal carriage of CA-MRSA in pregnant women11,12 and 

patient-to-patient transmission of CA-MRSA resulting in postpartum infections13 led us to 

hypothesize that community-associated clones, rather than healthcare-associated clones, 

would increasingly cause MRSA infections in the NICU. Thus, we evaluated the molecular 

epidemiological characteristics of the MRSA strains isolated from neonates colonized or 

infected with MRSA during the period from 2000 through 2008.

METHODS

Study Design and Study Site

A retrospective review was performed of medical records of patients discharged during the 

period from 2000 through 2008 to determine the epidemiological characteristics of infection 

and colonization with MRSA among newborns hospitalized in the level III NICU of a 

university-affiliated children’s hospital in New York, New York. In November 2003, 

construction was completed on a new NICU that expanded the number of beds from 45 to 

62 and provided more space per newborn. Approximately 25%–30% of newborns were 

transferred from other institutions; approximately 40% of newborns were full term, many 

requiring surgical procedures for congenital anomalies; and by the end of the study period, 

approximately 1,100 newborns were discharged annually. The complexity of the patients’ 

conditions also increased during the study period, as documented by the increase in case mix 

index. The percentage of newborns who were transferred from other institutions decreased 

slightly from 30% to 25%, likely as a result of the development of a more efficient maternal 

transport system. The proportion of full-term newborns remained stable during the study 

period. The study was approved by the institutional review board of Columbia University, 

which granted a waiver of documentation of informed consent.

Molecular Studies

Isolates underwent pulsed-field gel electrophoresis (PFGE) analysis with the restriction 

enzyme SmaI, using a contour-clamped homogeneous electric field system (CHEF Mapper 
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XA System; Bio-Rad) as described elsewhere.14 The PFGE patterns were digitized and 

analyzed using the BioNumerics software (Applied Maths), and strain relatedness was 

interpreted in accordance with established criteria.15 PFGE clonal types were designated 

with letter codes according to nomenclature established by the Clinical Microbiology 

Laboratory’s Molecular Epidemiology Unit. PFGE patterns were compared with those of 

major circulating MRSA clonal types (eg, USA300) by using representative clinical and 

laboratory strains run in parallel.

Isolates representative of each PFGE pattern were characterized by additional genotypic 

methods. DNA sequencing of the variable number of tandem repeat regions in the gene of S. 

aureus encoding protein A (spa)16 was performed. Sequences were entered into a spa search 

engine to determine the spa type of each test strain. The presence of Panton-Valentine 

leukocidin (PVL)17 was determined with the use of real-time polymerase chain reaction 

(PCR) technology.18 Multiplex PCR analysis to distinguish the 5 major staphylococcal 

chromosomal cassette (SCC) mec types, including some prevalent subtypes, was performed 

using 2 complementary methods.19,20

Case Definitions for MRSA Infection and Colonization

The hospital’s computerized information system was used to generate a list of neonates 

hospitalized in the NICU with MRSA-positive culture results from January 1, 2000, through 

December 31, 2008. Positive results of surveillance cultures were considered to represent 

colonization. MRSA-positive results of culture samples obtained for clinical purposes by the 

NICU staff were designated as either infection or colonization on the basis of review of the 

electronic medical record. Cases were considered to involve infection if the record contained 

documentation of MRSA-positive culture results for samples from sterile body sites, 

treatment of patients who had MRSA-positive skin and soft-tissue culture results with 

parenteral or topical antibiotics, or treatment of patients who had MRSA-positive 

conjunctival culture results with antibiotic ophthalmic drops together with documentation of 

clinical findings consistent with conjunctivitis, as described elsewhere.21 MRSA isolated 

from respiratory specimens was considered to indicate an infection if there was 

documentation of tracheitis or pneumonia in the medical record, treatment with parenteral 

antibiotics, and no concomitant infection at another body site (n = 2). Patients who had 

MRSA-positive culture results but were not treated with antibiotics were considered to have 

MRSA colonization.

Microbiologic Processing

Procedures used for specimen collection and for isolation of MRSA from clinical and 

surveillance cultures were performed as described elsewhere.7,22 The following assays were 

used for species identification and determination of the antimicrobial susceptibility profiles 

of staphylococcal strains: the Staphaurex latex agglutination test (Remel), the MicroScan 

Walk-Away SI microtiter system (Siemens Healthcare Diagnostics), CHROMagar MRSA-

selective differential chromogenic medium (Becton Dickinson Diagnostics), and the MRSA-

Screen latex agglutination test (Denka Seiken) for penicillin-binding protein 2′. Isolates 

were characterized as susceptible, intermediate, or resistant to oxacillin as defined in 
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accordance with established criteria.23 The D-test to detect clindamycin resistance was 

introduced in April 2004.

Infection Control Strategies

Neonates born in our facility are not routinely screened for MRSA. However, neonates 

transferred from other facilities to our NICU do undergo surveillance culture sampling to 

detect MRSA colonization, as described elsewhere,7 and remain under contact precautions 

until the results are known. During the period from 2000 through 2006, surveillance culture 

samples were obtained only from the anterior nares. During an outbreak investigation in 

2007, there was ongoing transmission and acquisition of MRSA by neonates who previously 

had negative results on surveillance cultures of samples of the anterior nares. Therefore, to 

optimize recovery of MRSA, surveillance culturing was expanded to include samples 

obtained from the periumbilical area, axilla, and groin, as well as the anterior nares.

When an MRSA infection was discovered in a neonate in the NICU, surveillance cultures of 

other neonates were performed in a stepwise fashion. First, culture samples were obtained 

from neonates in close proximity to the index patient who shared caregivers (ie, the same 2–

3-bed “pod”). If any of these neonates were colonized with MRSA, then surveillance 

cultures were performed for neonates in an expanded area around the index patient (ie, the 

10–20-bed “wing”). If additional MRSA-colonized neonates were identified, a unitwide 

surveillance effort was undertaken. Such an event was considered to be an outbreak, which 

was defined as 3 or more cases of temporally related infection or colonization found to be 

caused by the same clone. Neonates infected or colonized with MRSA remained under 

contact precautions for the duration of hospitalization. Measures to decolonize neonates 

included applying a 1-cm ribbon of mupirocin ointment to the anterior nares 3 times per day 

for 7 days and bathing neonates who weighed more than 1,500 g with an antiseptic soap, 

most recently chlorhexidine, 3 times during the mupirocin treatment period.

If ongoing transmission of a dominant clone persisted despite these interventions, targeted 

surveillance cultures of samples from the nares of staff who cared for new incident cases 

were performed,7 and the hands of staff were examined for skin lesions. Colonized staff 

were furloughed, treated with mupirocin applied to the nares and chlorhexidine showers, and 

permitted to return to work when 2 negative results of cultures of samples of the anterior 

nares were documented. In addition to healthcare worker surveillance efforts, the following 

infection control strategies were implemented: intensified environmental cleaning twice 

daily of high-touch and horizontal surfaces in colonized and infected neonates’ bed space, 

use of dedicated equipment, cohorting of MRSA-infected and colonized neonates, and 

monitoring of hand hygiene compliance. To document the success of these interventions, 

surveillance cultures were performed for all neonates weekly until no new MRSA-colonized 

neonates were identified during 3 consecutive unitwide surveillance efforts.
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RESULTS

Molecular Epidemiology

Overall, 149 (74%) of 201 MRSA-colonized or infected patients had an isolate available for 

molecular analysis (Table 1). During the period from 2001 through 2004, the healthcare-

associated MRSA USA100 strain with SCC mec type II (PFGE-designated clone G) 

predominated, and clone G remained endemic in the NICU throughout the study period. In 

2005, the predominant clone changed to CA-MRSA, SCC mec type IV (PFGE-designated 

clone A), which persisted in the NICU and caused endemic infections. In 2007, a new 

dominant CA-MRSA clone, USA300 with SCC mec type IV (PFGE-designated clone U) 

and PVL, appeared (Figure 1). Six additional sporadic MRSA clonal types, with various 

SCC mec elements and spa types, were detected in 14 patients, including the PVL-positive 

MW2/USA400 strain.

Despite the different mec types, the 3 dominant clones had similar antimicrobial 

susceptibility patterns. All were susceptible to rifampin, clindamycin, tetracycline, and 

trimethoprim-sulbactam and resistant to erythromycin and levofloxacin. The USA300 clone 

was also resistant to gentamicin.

Infection and Colonization Rates

Endemic MRSA infection and colonization occurred throughout the study period (Figure 2), 

which was punctuated by 4 epidemiologic investigations during what were considered to be 

outbreak periods. These occurred during the first quarter of 2001, from the third quarter of 

2002 through the third quarter of 2003, from the first quarter through the third quarter of 

2005, and during the fourth quarter of 2007.

During 2000–2008, MRSA infections were diagnosed in 93 neonates (Figure 3). The most 

common sites of infection included the conjunctiva (41 [44%] patients), the bloodstream (33 

[35%] patients), and skin and soft tissue (15 [16%] patients). The overall incidence of 

infection varied widely from year to year; the number of infections per 1,000 discharges 

ranged from 18 in 2002 to 2 in 2008. However, as a result of periodic outbreaks, there was 

no consistent trend of a change in incidence during the study period.

During the study period, surveillance cultures were performed for 1,336 neonates, of whom 

115 (8.6%) had 1 or more MRSA-positive surveillance culture results. The proportion of 

colonized neonates detected during outbreak investigations ranged from 5.9% (6 of 102 

infants tested in 2001) to 11.6% (22 of 189 infants tested in 2003); the proportion of positive 

surveillance culture results was highest during the 2002–2003 and 2007 outbreaks, in 

parallel with the highest rates of infection (approximately 15–20 colonized neonates per 

1,000 discharges).

Of the 167 NICU patients colonized with MRSA, 31 had been transferred from other 

NICUs, 12 were pod neighbors of an infected or colonized index case patient, 101 were 

identified during outbreak investigations, and 23 were identified by means of a culture 

performed for clinical purposes. Fiftynine (35.3%) of these 167 colonized neonates 

developed an MRSA infection during their NICU hospitalization; 23 of these 59 infected 
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neonates were documented to be colonized prior to infection, and 36 were found to be 

colonized during surveillance testing performed after their infections were diagnosed. For 34 

of the 93 infected neonates, colonization was never documented during the hospitalization.

Healthcare Worker Surveillance

Three healthcare worker (HCW) surveillance efforts were conducted: in 2001, in 2005, and 

in 2007 (Figure 2). During these efforts, 0.4%–2.3% of HCWs were found to be colonized 

with the relevant outbreak clones, and overall, 8 (1.2%) of 695 HCWs were colonized with 

nonoutbreak clones. In all, 14 (2%) of 695 HCWs were colonized with MRSA.

DISCUSSION

This is one of the most extensive recent reports describing the molecular epidemiology of 

MRSA strains isolated from infected and colonized neonates in a single NICU. During the 

study period, we noted a change in the predominant clones from healthcare-associated 

MRSA to CA-MRSA. Previous reports have described infections in the NICU population 

due to CA-MRSA, including USA300 strains.5,24,25 Healy et al24 demonstrated that 4 of 8 

neonates with MRSA bacteremia were infected with USA300 during a 12-month study 

period (C. Healy, written communication, 2009). David et al25 described the first 

documented transmission of CA-MRSA in a NICU located in the United Kingdom. 

However, these previous reports did not assess colonization or the potential source(s) of CA-

MRSA clones.

Numerous potential reservoirs for MRSA have been described for neonates hospitalized in 

both the newborn nursery and the NICU. We previously described transmission of USA300 

MRSA among postpartum women who presented with skin and soft-tissue infections, 

including mastitis and surgical wound infections.13 Notably, this outbreak occurred in 2002, 

prior to detection of USA300 in our NICU. We also investigated the rates of vaginal 

colonization among pregnant women in 2005 and found that 0.4% were colonized with CA-

MRSA,11 but we did not assess vertical transmission in this study. In addition, cases of 

transmission of CA-MRSA through contaminated breast milk26 and from a father to his 

hospitalized newborn27 have been described. Skin infections with CA-MRSA (USA300) 

among otherwise healthy, full-term newborns occurring within 30 days of delivery have 

been reported in hospitals in Illinois,28 California,28 and Texas,29 as well as transmission of 

USA300 MRSA between a newborn nursery and the respective postpartum unit.30 Similarly, 

an outbreak of skin and soft-tissue infections (ie, pustulosis, cellulitis, and omphalitis) with 

USA400 occurred among neonates discharged from a newborn nursery in Brooklyn, New 

York.31 These reports confirm that multiple sources of MRSA can exist for the newborn 

population and that transmission of MRSA can occur quickly, because outbreaks have 

originated in newborn nurseries, where neonates typically have short hospital stays.

To prevent transmission of MRSA in our NICU, we have adopted a targeted surveillance 

strategy rather than universal surveillance. Our methods include strategies for eradication of 

MRSA in colonized neonates. A recent consensus document advocated that the following 

measures be performed during an outbreak investigation in the NICU: monitoring of hand 

hygiene compliance, surveillance cultures, molecular analysis of MRSA strains, and 
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decolonization protocols “if deemed necessary by the affected institution.”32 However, data 

supporting the efficacy and cost-effectiveness of specific infection control strategies for 

MRSA in the NICU population are limited, because reports have described multiple 

strategies implemented simultaneously during outbreaks.7,33 Thus, further studies of specific 

eradication strategies are warranted.

We initiated surveillance cultures of samples from NICU staff when ongoing transmission 

of MRSA was documented despite implementation of the infection control strategies 

described above. Transmission seemed to be halted when colonized HCWs were detected 

and furloughed (Figure 2), although we cannot delineate the precise effect of any given 

intervention, because many interventions were implemented simultaneously. Others have 

similarly reported that HCWs can serve as a potential reservoir for both outbreak and 

nonoutbreak clones.6,7,34 However, limited guidance exists in the literature describing when 

to initiate HCW screening during outbreak investigations. Grant et al35 have suggested 

“clinical triggers” to initiate healthcare worker surveillance in the NICU, which could 

include the detection of at least 5 neonates colonized with MRSA during routine screening 

or at least 2 neonates infected with MRSA within 7 days, plus molecular typing evidence of 

clonal transmission. Both the Healthcare Infection Control Practices Advisory Committee 

and a consensus document coauthored by the Society for Healthcare Epidemiology of 

America and the Infectious Diseases Society of America endorsed obtaining surveillance 

cultures from HCWs if there was “epidemiologic support” to do so.36,37 Thus, additional 

studies to provide more guidance regarding the implementation of HCW surveillance for 

MRSA are needed.

We demonstrated that 35.3% of colonized neonates developed an MRSA infection during 

their hospitalization. Huang et al38 demonstrated a 28% attack rate in a Taiwanese NICU, 

and similar attack rates have been described in adults.39 In addition, Schultz et al40 

compared the length of stay and hospital costs for MRSA-colonized neonates with those of 

MRSA-uncolonized neonates; no difference in the mean hospital costs per day were found, 

but MRSA-colonized neonates had a significantly greater length of stay, which was 

attributed to the inability to transfer these neonates to lower acuity facilities, which lacked 

the staff, bed space, and educational resources to accommodate MRSA-colonized neonates. 

To our knowledge, no treatment trials have been performed to assess the efficacy of 

eradication of MRSA colonization in the NICU. However, the high attack rate after 

colonization and the potential to discontinue transmission precautions after documentation 

of successful eradication support this strategy.

This study has limitations. This was an observational study performed in a single NICU in a 

university-affiliated children’s hospital, and thus the results may not be generalizable. We 

do not perform routine surveillance cultures for MRSA during nonoutbreak periods; 

therefore, both the colonization rates and the attack rates after colonization may be 

inaccurate. The success of eradication strategies for MRSA colonization in individual 

neonates was not assessed. Finally, we do not have longitudinal data on the rate of 

recolonization among HCWs.
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In conclusion, MRSA caused both endemic and epidemic infections in our NICU. Rigorous, 

targeted infection control strategies led to successful control of outbreaks as documented by 

eradication of dominant clones. However, MRSA infection and colonization continued to 

occur, as a result of the introduction of new clones of MRSA into the NICU. Further 

investigations are warranted to assess the most successful strategies to prevent transmission 

of MRSA and to detect the relative contribution of different reservoirs of MRSA.
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FIGURE 1. 
Pulsed-field gel electrophoresis patterns of each dominant clonal methicillin-resistant 

Staphylococcus aureus type isolated during the study period. Lane 1, molecular size ladder; 

lane 2, infected neonate 1; lane 3, colonized neonate 2; lane 4, colonized HCW 1; lane 5, 

infected neonate 3; lane 6, colonized neonate 4; lane 7, colonized HCW 2; lane 8, infected 

neonate 5; lane 9, colonized neonate 6; lane 10, colonized HCW 3; lane 11, infected neonate 

7; lane 12, colonized neonate 8; lane 13, molecular size ladder.
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FIGURE 2. 
Bar graph of number of neonatal intensive care unit patients infected or colonized with 

methicillin-resistant Staphylococcus aureus (MRSA) during each quarter of the study 

period. Three healthcare worker surveillance efforts are indicated by arrows. The periods 

when predominant MRSA clones were detected are shown. CA-MRSA, community-

associated MRSA; HA-MRSA, healthcare-associated MRSA.
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FIGURE 3. 
Bar graph of number of neonates infected with methicillin-resistant Staphylococcus aureus 

(MRSA) (skin and soft-tissue [SST] infection, bloodstream infection [BSI], or 

conjunctivitis) in the neonatal intensive care unit from 2000 through 2008.
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