
Methicillin-Resistant and Susceptible Staphylococcus
aureus Bacteremia and Meningitis in Preterm Infants

WHAT’S KNOWN ON THIS SUBJECT: There is a perception among
clinicians that methicillin-resistant Staphylococcus aureus
(MRSA) bacteremia and/or meningitis result in a greater burden
of disease than invasive infections attributed to methicillin-
susceptible Staphylococcus aureus (MSSA) among very low birth
weight (VLBW) infants.

WHAT THIS STUDY ADDS: VLBW infants with MRSA and MSSA
bacteremia and/or meningitis have equivalent morbidity and
mortality. These findings suggest that allocation of resources for
prevention and treatment of both MRSA and MSSA infections
among VLBW infants should be comparable.

abstract
BACKGROUND: Data are limited on the impact of methicillin-resistant
Staphylococcus aureus (MRSA) on morbidity and mortality among
very low birth weight (VLBW) infants with S aureus (SA) bacteremia
and/or meningitis (B/M).

METHODS: Neonatal data for VLBW infants (birth weight 401–1500 g)
born January 1, 2006, to December 31, 2008, who received care at
centers of the Eunice Kennedy Shriver National Institute of Child
Health and Human Development Neonatal Research Network were
collected prospectively. Early-onset (#72 hours after birth) and late-
onset (.72 hours) infections were defined by blood or cerebrospinal
fluid cultures and antibiotic treatment of $5 days (or death ,5 days
with intent to treat). Outcomes were compared for infants with MRSA
versus methicillin-susceptible S aureus (MSSA) B/M.

RESULTS: Of 8444 infants who survived .3 days, 316 (3.7%) had SA B/
M. Eighty-eight had MRSA (1% of all infants, 28% of infants with SA);
228 had MSSA (2.7% of all infants, 72% of infants with SA). No infant
had both MRSA and MSSA B/M. Ninety-nine percent of MRSA infections
were late-onset. The percent of infants with MRSA varied by center (P
, .001) with 9 of 20 centers reporting no cases. Need for mechanical
ventilation, diagnosis of respiratory distress syndrome, necrotizing
enterocolitis, and other morbidities did not differ between infants
with MRSA and MSSA. Mortality was high with both MRSA (23 of 88,
26%) and MSSA (55 of 228, 24%).

CONCLUSIONS: Few VLBW infants had SA B/M. The 1% with MRSA had
morbidity and mortality rates similar to infants with MSSA. Practices
should provide equal focus on prevention and management of both MRSA
and MSSA infections among VLBW infants. Pediatrics 2012;129:e914–
e922
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ABBREVIATIONS
B/M—bacteremia and/or meningitis
BPD—bronchopulmonary dysplasia
BW—birth weight
CI—confidence interval
CSF—cerebrospinal fluid
GA—gestational age
IVH—intraventricular hemorrhage
MRSA—methicillin-resistant Staphylococcus aureus
MSSA—methicillin-susceptible Staphylococcus aureus
NEC—necrotizing enterocolitis
NICHD—Eunice Kennedy Shriver National Institute of Child Health
and Human Development
NRN—Neonatal Research Network
PMA—postmenstrual age
PVL—periventricular leukomalacia
RDS—respiratory distress syndrome
ROP—retinopathy of prematurity
RR—relative risk
SA—Staphylococcus aureus
SGA—small for gestational age
VLBW—very low birth weight
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Contact with environmental sources
and endogenous colonization with
Staphylococcus aureus (SA) may result
in life-threatening infections. Among
preterm neonates, invasive staphylo-
coccal infections result in substantial
morbidity and mortality.1,2 Very low
birth weight (VLBW) infants have an
increased risk of infection due to expo-
sure to nosocomial pathogens during
extended hospitalizations. Most pub-
lications highlighting the epidemiology
of infections with methicillin-resistant S
aureus (MRSA) andmethicillin-sensitive
S aureus (MSSA) among VLBW neonates
have described clusters of infections
attributed to nosocomial outbreaks.3–6

There is a perception among clinicians
and policy makers that a greater se-
verity of illness results from MRSA
compared with MSSA infections. As a
result, infection control policies at many
centers mandate screening and isola-
tion for individuals colonized or infected
withMRSA but not for those colonized or
infected with MSSA.7 We hypothesized
that among VLBW infants hospitalized at
academic centers of the Eunice Kennedy
Shriver National Institute of Child Health
and Human Development (NICHD) Neo-
natal Research Network (NRN) morbid-
ity and mortality among those with
bacteremia and/or meningitis (B/M)
would be similar for those infected
with MRSA and MSSA.

METHODS

Population and Clinical Outcomes

We studied VLBW infants (401–1500 g
birth weight [BW]) born between Jan-
uary 1, 2006, and December 31, 2008,
who were cared for at 1 of the 20 study
centers participating in the NICHD NRN
and included in a registry of VLBW in-
fants maintained by the NRN. We limited
this analysis to infants who survived
.3 days, a cohort surviving long
enough to develop late-onset culture-
proven B/M. Infections were defined
by the isolation of a bacterial or fungal

organism from blood or cerebrospinal
fluid (CSF) cultures obtained#72 hours
(early-onset) or.72 hours (late-onset)
after birth and antimicrobial treatment
of$5 days or death,5 dayswith intent
to treat.1,8,9 All VLBW infants born 2006–
2007 who were admitted to NRN centers
before 14 days of age (inborn and out-
born) were eligible for the registry. Eli-
gibility was limited in January 2008 to
inborn infants with BW 401–1000 g or
gestational age (GA) 22 through 28
completed weeks or infants enrolled in
another NRN study to focus on the most
vulnerable preterm infants.

Trained research personnel prospec-
tively collectedmaternal and infant data
from birth until hospital discharge,
death, or 120 days. Neonatal informa-
tion included BW, GA, gender, race,
ethnicity, mode of delivery, final status
(dischargedordied),andcauseofdeath,
if applicable. Neonatal morbidities in-
cluded respiratory distress syndrome
(RDS), patent ductus arteriosus, nec-
rotizing enterocolitis (NEC), intraventri-
cular hemorrhage (IVH), periventricular
leukomalacia (PVL), retinopathy of pre-
maturity (ROP), and bronchopulmonary
dysplasia (BPD). Each of the participat-
ing NRN study centers was queried re-
gardingsurveillancescreeningforMRSA
and infectioncontrolpracticesrelatedto
SA at their nurseries during the study
period.

Growth charts10 were used to classify
infants as small for GA (SGA) at birth,
defined by a BW ,10th percentile for
gender and GA. Neonates were con-
sidered to have RDS if they required
oxygen or positive pressure support
for .6 hours within the first 24 hours
after birth. Infants were given a di-
agnosis of NEC based on the modified
Bell’s criteria (Stage IIA or greater).11,12

IVH grade was defined based on the
most severe findings on a cranial sono-
gram obtained within 28 days of birth by
using the criteria of Papile13; grades 3
and 4 were considered severe. PVL was

determined by cranial sonogram ob-
tained within the first 28 days after
birth or an imaging study performed
after 28 days and closest to 36 weeks’
postmenstrual age (PMA). ROP was
defined for infants hospitalized at 28
days of age who underwent an oph-
thalmologic examination. BPD was de-
fined as the need for supplemental
oxygen at 36 weeks’ PMA and was not
defined for infants who died before 36
weeks’ PMA.

Participation in the VLBW registry was
approved by the institutional review
boards at each of the participating
centers. Informed consent was obtained
from participants at 3 centers; a waiver
of consent was granted by the insti-
tutional review boards at the other
centers.

Statistical Analysis

Infection rates were expressed as the
proportion of infants infected during
their birth hospitalization and as the
number of infants infected per 1000
hospital days. Statistical significance
for unadjusted comparisons was deter-
mined by Fisher’s exact or x2 tests for
categorical variables and the Kruskal-
Wallis test for continuous variables.
Kaplan-Meier survival curves were used
to estimate median length of hospital
stay (time from birth to discharge with
deaths treated as censored observa-
tions) with statistical significance be-
tween groups determined by the log-rank
test.

Baseline risk factors for MRSA and for
MSSAwere examined among all infants
by using Poisson regression. Separate
modelswerefit to eachbinary outcome.
Risk factors for MRSA were also ex-
amined in the subgroup of infants with
SA B/M. Because of the small number of
MRSA andMSSA cases at some centers,
study center could not be included as
afixedeffect andwas instead treatedas
a random effect in these models. Pois-
son regression models with robust
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variance estimators14 and fixed effects
only were used to examine the risk of
morbidities and mortality for infants
with MRSA compared with infants with
MSSA. Models examining outcomes for
infants with SA were based on data
from all infants and included an in-
fection group indicator (MRSA B/M,
MSSA B/M, non-SA B/M, no B/M),
which allowed for estimation of rela-
tive risks (RRs) comparing infants with
MRSA and MSSA. Morbidity RRs were
adjusted for GA, male gender, race/
ethnicity, and study center. Adjusted
RRs, 95% confidence intervals (CIs),
and F, Score, or Wald x2 tests were re-
ported based on parameter and vari-
ance estimates from each model.

RESULTS

Study Population

Between January 1, 2006, and December
31, 2008, 9407 infants with BWs 401 to
1500 gwere born and/oradmitted to 1 of
20 NRN study centers. Of these, 730 (8%)
died within 12 hours of birth and 228
(2%) died between 12 hours and 3 days
after birth; no B/M due to SA was
reported in these infants. Afterexcluding
the958 infantswhodied inthefirst3days
and 5 infants with incomplete infection
information, 8444 infants were included
in the analysis (Fig 1). Median length of
hospitalization was 68 days overall
(25th–75th percentiles: 46–97). During
the hospital stay, 2195 (26%) infants had
B/M due to any pathogen. The majority,
2052 (24% of all infants), had late-onset
infections alone, 103 (1.2%) had early-
onset infections alone, and 40 (0.5%)
had both early- and late-onset infec-
tions. Most infants with B/M were of
lower GA and were hospitalized longer
than those without infections (median
101 days versus 60 days, P, .001).

Rate of SA B/M

B/M due to SA was diagnosed in 316
(3.7%) infants (Fig 1). Of these, 173
infants had 1 or more episodes of B/M

due to SA (97% had 1 episode) and no
episodes of B/M due to other patho-
gens, and 143 had B/M attributed to
both SA and non-SA pathogens (multi-
ple episodes and/or at least 1 poly-
microbial episode involving SA and
non-SA pathogens; Table 1). One cen-
ter that participated in the NRN for only
3 months of the study period reported
no infants with SA. Rates of SA ranged
from 0.8% to 8.9% across the other
centers, P , .001 (Fig 2). Of those
infected with SA B/M, 311 (98%) had
late-onset SA B/M only, 4 (1%) had
early-onset SA B/M only, and 1 infant
had both early- and late-onset SA B/M.
SA was isolated from blood of 5 infants
with early-onset infections, from blood
alone for 301 of the late-onset infec-
tions, from blood and CSF for 8, and
from CSF alone for 3 late-onset SA
infections.

Rates of MRSA and MSSA B/M

Eighty-eight infants had MRSA B/M,
representing 1% of all infants or a
rate of 0.15 infants infected per 1000
hospital days (Table 1) and 28%of those
with SA (Fig 1); 228 infants had MSSA B/
M, 2.7% of all infants or a rate of 0.38
infected per 1000 hospital days. No in-
fant had both MRSA and MSSA infec-
tions. No infants with MRSA were
reported from 8 centers with SA infec-
tions. The remaining 11 centers with SA
infections reported MRSA among 0.1%
to 3.8% of all infants at their center (P,
.001) or 3.8% to 69% of the infants with
SA (Fig 2).

Risk of MRSA and MSSA B/M

The risk of B/M due to either MRSA or
MSSA increased with decreasing BW
and GA, P , .001 (Tables 1 and 2).

FIGURE 1
VLBW cohort characteristics and rates of SA.
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Among all infants who survived .3
days, infants born at ,25 weeks’ GA
had over 5 times the risk of having ei-
ther type of B/M compared with infants
born at $29 weeks (adjusted RR for
MRSA: 5.60, 95% CI: 2.80–11.18; ad-
justed RR for MSSA: 6.24, 95% CI: 3.94–
9.91). Infants born between 25 and 28
weeks had over 3 times the risk for
either infection. After accounting for
center variation in MRSA rates, differ-
ences in risk of MRSA B/M were not
found for infants with the other base-
line characteristics examined. Among
8246 infants with available information,

no association was detected between
the type of maternal antibiotic given
within 72 hours before delivery, in-
cluding ampicillin, erythromycin, and
penicillin, and risk of infant MRSA B/M.
Statistically significant reductions in
risk of MSSA B/M were observed in in-
fants whose mothers had chorioamnio-
nitis recorded in the medical record and
in those infantswhosemothers received
antibiotics before their delivery. Poten-
tial risk factors for MRSA were also ex-
amined in the subset of 316 infants with
SA B/M. Differences in the risk of MRSA
compared with MSSA were not found by

GA in this subset and were not detected
by infant gender, race/ethnicity, con-
genital birth defect status, maternal
steroid or antibiotic use (adjusted RR:
1.28, 95% CI: 0.76–2.16, P = .3), or ma-
ternal chorioamnionitis.

Characteristics of Infants With
MRSA and MSSA

Themedian BWs and GAs of infants with
MRSA and MSSA B/M were similar
(Table 3). A higher proportion of infants
with MRSA were non-Hispanic black
compared with infants with MSSA (56%
vs 37%, P = .02). Infant race/ethnicity
differed at the study centers, with large
numbers of African American infants at
the 2 centers with highest MRSA B/M
rates. At the 3 centers with the largest
number of cases, MRSA rates were
similar among African American and
white infants. After controlling for study
center, differences in race/ethnicity
were no longer found, P = .9, indi-
cating that center and race/ethnicity
were confounded in the cohort. Statis-
tically significant differences were not
found between the infants with MRSA
and MSSA on the other characteristics
examined (Table 3).

One infantwithMRSAhadearly-onset B/
M; the remaining 87 infants (99%) had
late-onset B/M.MRSAwas isolated from
blood and CSF of 4 infants (5%), from
blood alone in 82 infants (93%), and
fromCSFalone in 2 infants (2%; Table 3).
Of the 87 infants with late-onset B/M, 76
(87%) had 1 episode of MRSA B/M only,
whereas 11 (13%) had 2 episodes; none
had more than 2. Most infants with
MSSA had late-onset B/M: 224 (98%)
had late-onset only, 3 (1%) had early-
onset only, and 1 infant (,1%) had
both early- and late-onset MSSA B/M.
MRSA caused the first B/M episode
for 70 of the 88 infants (80%), andMSSA
caused the first B/M for 193 of 228
infants (85%). Age at first SA B/M was
similar in the 2 groups, P = .7 (median
age, 25th–75th percentile, MRSA: 23 days,
11–46 days; MSSA: 21 days, 13–35 days).

TABLE 1 Rates of SA B/M Among VLBW Infants Who Survived .3 Days, Overall and by BW: NICHD
NRN 2006–2008

Infants With
SA B/M Onlya

Infants With
Both SA and
Non-SA B/Ma

Infants With
MRSA B/Ma

Infants With
MSSA B/Ma

Total Infants
or HDsa,b

Overall
N infants with B/M (%) 173 (2.0) 143 (1.7) 88 (1.0) 228 (2.7) 8444
Infants infected/1000 HDsc 0.29 0.24 0.15 0.38 596 442

BW 401–750 g
N infants with B/M (%) 76 (4.1) 63 (3.4) 39 (2.1) 100 (5.4) 1854
Infants infected/1000 HDs 0.44 0.37 0.23 0.58 172 038

BW 751–1000 g
N infants with B/M (%) 50 (2.2) 53 (2.3) 33 (1.4) 70 (3.1) 2295
Infants infected/1000 HDs 0.26 0.27 0.17 0.36 193 136

BW 1001–1250 g
N infants with B/M (%) 36 (1.7) 19 (0.9) 8 (0.4) 47 (2.2) 2122
Infants infected/1000 HDs 0.27 0.14 0.06 0.35 133 724

BW 1251–1500 g
N infants with B/M (%) 11 (0.5) 8 (0.4) 8 (0.4) 11 (0.5) 2173
Infants infected/1000 HDs 0.11 0.08 0.08 0.11 97 544

a Numbers of infants infected and total HDs are listed to facilitate calculation of additional rates.
b HD, hospital day.
c Rates of SA are listed per 1000 HDs.

FIGURE 2
Rates of MRSA and SA 2006–2008 by the NRN Center. Center 1 participated in the NRN for only 3 months
during the study period.
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Morbidity Among Infants With
MRSA and MSSA

Statistically significant differences were
not found between infants with MRSA
compared with MSSA with regard to
ventilatoruse, feedingoutcomes,oranyof
the in-hospital morbidities examined, in-
cludingRDS,patentductusarteriosus, IVH,
PVL, NEC, BPD, or ROP (data not shown).

Mortality, Survival, and Length of
Hospitalization

Among the 88 infantswithMRSAB/M, 64
(73%)weredischarged fromthehospital,
1 (1%) was hospitalized at 1 year of age,
and 23 died (26%). Final status was
similar for the 228 infantswithMSSA, of

whom 172 (75%) were discharged from
the hospital, 1 (0.4%) was hospitalized
at 1 year of age, and 55 (24%) died. No
statistically significantdifferences in in-
hospital mortality were found for in-
fants with MRSA compared with MSSA
B/M when stratified by BW (Table 4). In-
hospital mortality was higher for VLBW
infants with SA B/M (78 of 316, 25%)
than for VLBW infants with no B/M (555
of 6249, 9%; P , .001) but similar to
mortality among infants with non-SA
B/M (404 of 1879, 22%; P = .21). Coded
cause of death for infants with SA in-
cluded infection for 16 of 23 (70%) in-
fants with MRSA and for 42 of 55 (76%)
of those with MSSA. The proportions of

infants who died within 1, 3, and 7 days
of the first culture with growth of SA
was similar for infants with MRSA and
MSSA (1 day: 5 of 88 [6%] vs 13 of 228
[6%], P = 1.0; 3 days: 7 of 88 [8%] vs 22 of
228 [10%], P = .8; 7 days: 10 of 88 [11%]
vs 31 of 228 [14%], P = .7). Infection was
the coded cause of death in 6 of 7 (86%)
infants who died within 3 days of a
culture with MRSA and in 20 of 22 (91%)
of infants with MSSA. Length of hospi-
talization was similar for infants with
MRSA and MSSA B/M (median, 25th–
75th percentile, MRSA: 100 days, 79–
152; MSSA: 108 days, 84–139, P = .63).

MRSA Surveillance Screening at
NRN

Of the 16 NRN centers for which infor-
mation was available, 12 (75%) con-
ductedsurveillancescreening forMRSA
during the study period. All 16 centers
reported infants with SA B/M, but the
proportion of infants with SA B/M was
generally higher at the 12 centers that
conducted MRSA surveillance screen-
ing than at the 4 that did not (4.1% vs
2.8%, P = .01). However, the percent of
MRSA among infants with SA B/M var-
ied widely across centers, regardless
of screening practices. Among the 12
NRN centers that conducted MRSA sur-
veillance screening, 3 had no cases of
MRSA B/M, and the proportion of in-
fants infected with SA who had MRSA
ranged from 3.8% to 69% at the other 9
centers. Among the 4 NRN centers that
did not report MRSA surveillance, 2 had
no cases of MRSA B/M, and the percent
of MRSA among infants with SA B/M
was ∼20% to 30% at the other 2 cen-
ters. Reports from all 16 NRN centers
indicated that infants identified as in-
fected withMRSAwere placed on contact
precautions; only 2 centers indicated
that MSSA infected infants were isolated.
Fourteen of 16 centers placed infants
found to be colonized but not infected
with MRSA in contact precautions, but
only 1 center isolated those colonized
with MSSA.

TABLE 2 Risk of MRSA and MSSA B/M Among 8444 VLBW Infants Who Survived .3 Days: NICHD
NRN 2006–2008

Characteristicsa Total No. Infants With
MRSA, No. (%)

Adjusted RR
for MRSA
(95% CI)b

Infants With
MSSA, No. (%)

Adjusted RR
for MSSA
(95% CI)b

Maternal antibiotic use
during delivery admission
Yes 4916 56 (1.1) 0.94 (0.58–1.53) 118 (2.4) 0.65 (0.49–0.87)d

No 3395 32 (0.9) Referencec 106 (3.1) Reference
Maternal steroid use
before delivery
Yes 6806 74 (1.1) 1.38 (0.72–2.64) 187 (2.7) 1.37 (0.95–1.99)
No 1566 12 (0.8) Reference 41 (2.6) Reference

Chorioamnionitis
noted in mother’s
medical record
Yes 1028 7 (0.7) 0.50 (0.23–1.11) 11 (1.1) 0.31 (0.17–0.57)e

No 7313 81 (1.1) Reference 216 (3.0) Reference
Infant gender
Boy 4219 45 (1.1) 1.05 (0.69–1.61) 127 (3.0) 1.21 (0.93–1.57)
Girl 4225 43 (1.0) Reference 101 (2.4) Reference

GA (wk)
,25 1027 23 (2.2) 5.60 (2.80–11.18)e 52 (5.1) 6.24 (3.94–9.91)e

25–28 4162 52 (1.3) 3.20 (1.73–5.93) 145 (3.5) 4.17 (2.80–6.20)
29+ 3253 13 (0.4) Reference 31 (1.0) Reference

Race/ethnicity
Non-Hispanic black 3070 49 (1.6) 1.08 (0.65–1.78) 85 (2.8) 1.17 (0.85–1.63)
Hispanic 1518 9 (0.6) 1·01 (0.45–2.27) 48 (3.2) 1.16 (0.79–1.70)
Other 434 2 (0.5) 0.84 (0.19–3.68) 10 (2.3) 1.03 (0.52–2.02)
Non-Hispanic white 3391 28 (0.8) Reference 85 (2.5) Reference

Congenital birth defect
Yes 395 5 (1.3) 1.59 (0.64–3.95) 11 (2.8) 1.52 (0.83–2.80)
No 8049 83 (1.0) Reference 217 (2.7) Reference

a Information was missing for maternal antibiotic use: 133 infants; maternal steroid use: 72; chorioamnionitis: 103; GA: 2;
race/ethnicity: 31.
b RRs, CIs, and P values by the F test from Poisson regression models that included the variables shown and used data from
the full cohort. One model was fit to the binary outcome MRSA, yes/no (for RRs associated with MRSA), and another to the
binary outcomeMSSA, yes/no (for RRs associatedwithMSSA). Variation between study centers was accounted for by treating
center as a random effect.
c All instances of reference refer to the comparison group.
d P # .01.
e P # .001.
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DISCUSSION

Staphylococcal organisms are an un-
common yet significant cause of infec-
tion among VLBW infants, accounting
for notable mortality and morbidity.

Although fewer than 4% of the 8444
VLBWneonates in this cohort developed

culture proven SA B/M, one-quarter of

those with MRSA and MSSA B/M died.

Despite the rare occurrence of menin-

gitis without bacteremia in this clinical
cohort, the 3 cases identified remind
clinicians that isolated central nervous
system manifestations of MRSA and
MSSA do exist. Consistent with other
reports, extreme prematurity and low
BW were the greatest risk factors for
both MRSA and MSSA B/M.1,8 The pro-
longed length of stay associated with
extreme preterm birth likely increased
the opportunity for acquisition of a
late-onset infection. Comparing the
characteristics of infants with MRSA
and MSSA B/M both with and without
assessing risk yielded similar results
in both analyses. Including only VLBW
infants with blood or CSF culture
proven infection likely under repre-
sents the true burden of disease
from SA, as infections resulting from
skin and soft tissue abscesses, sur-
gical wounds, pneumonia, and meta-
static dissemination that were not
accompanied by isolation of SA from
blood or CSF were not included in our
analyses.

The use of intrapartum antibiotic pro-
phylaxishasbeenassessedinrelationship
to the rising rates of antimicrobial re-
sistance.15,16 These evaluations have
not demonstrated a direct relationship
between the use of intrapartum pro-
phylaxis and the emergence of resis-
tant organisms.17–21 As MRSA has gained
notoriety, the impact of resistant gram-
positive infections in the neonate has
been assessed.22,23 In our cohort of VLBW
neonates who survived.3 days, we did
not detect an increased risk of MRSA
among infants whose mothers received
intrapartum antibiotics compared with
those whose mothers did not. As ex-
pected, maternal chorioamnionitis
was not found to be a risk factor for
the predominantly late-onset SA B/M
infections.

The proportion of infants diagnosed
withSAB/Mvariedacross theNRNstudy
centers, with no MRSA cases at some
centers and with more than half of the

TABLE 3 Maternal and Neonatal Characteristics of VLBW Infants Who Survived .3 Days: Infants
With MRSA Compared With Infants With MSSA B/M, NICHD NRN 2006–2008

Characteristica MRSA N = 88 MSSA N = 228 P b

Mother’s age, y
Median (25th–75th percentile) 25 (22–32) 26 (21–32) 0.7

Antenatal antibiotic use during delivery admission, n (%) 56 (64) 118 (53) 0.1
Antenatal steroid use before delivery, n (%) 74 (86) 187 (82) 0.5
Chorioamnionitis noted in mother’s medical record, n (%) 7 (8) 11 (5) 0.3
Placental pathology performed, n (%) 72 (83) 163 (74) 0.1
Histologic chorioamnionitis,c n (%) 22 (31) 47 (29) 0.8
Cesarean section delivery, n (%) 65 (74) 159 (70) 0.5
Multiple births, n (%) 24 (27) 52 (23) 0.5
BW, g
Median (25th–75th percentile) 780 (636–935) 783 (646–1009) 0.6
Category, n (%)
401–750 39 (44) 100 (44)
751–1000 33 (38) 70 (31)
1001–1250 8 (9) 47 (21)
1251–1500 8 (9) 11 (5)

GA, wk
Median (25th–75th percentile) 26 (24–28) 26 (25–28) 0.7
Category, n (%)
,25 23 (26) 52 (23)
25–28 52 (59) 145 (64)
29+ 13 (15) 31 (14)

SGA, n (%) 14 (16) 38 (17) 1.0
Boy, n (%) 45 (51) 127 (56) 0.5
Race/ethnicity, n (%) 0.02d

Non-Hispanic black 49 (56) 85 (37)
Non-Hispanic white 28 (32) 85 (37)
Hispanic 9 (10) 48 (21)
Other 2 (2) 10 (4)

Major birth defect, n (%) 5 (6) 11 (5) 0.8
Total episodes of B/M,e n (%)
1 52 (59) 156 (68) 0.1
2 26 (30) 54 (24)
3 or more 10 (11) 18 (8)

Any non-SA B/M,f n (%) 45 (51) 98 (43) 0.3
Timing of SA B/M, n (%) 0.8
Early onset 1 (1) 3 (1)
Late onset 87 (99) 224 (98)
Both early and late 0 (0) 1 (,1)

SA infection site, n (%) 0.1
Blood 82 (93) 223 (98)
CSF 2 (2) 1 (,1)
Both blood and CSF 4 (5) 4 (2)

Median values or the number and percent of infants with MRSA and of infants with MSSA who had each characteristic are
shown.
a Information was missing for antenatal antibiotics: from the mothers of 4 infants; antenatal steroids: 2; chorioamnionitis: 1;
placental pathology performed: 8; histologic chorioamnionitis: 3.
b P value for a test between infants with MRSA versus infants with MSSA by the Kruskal-Wallis test (median mother’s age, BW,
GA), Fisher’s exact test, the row mean score x2 test (number of episodes), or the general association x2 test.
c Percents are among infants with placental pathology performed.
d P = .9 by the Cochran-Mantel-Haenszel x2 test after controlling for study center.
e Episodes were defined by positive cultures taken 5 or more days apart. Positive cultures taken within 4 days were
considered indicative of the same episode. The 316 infants with SA had a total of 463 episodes of B/M.
f B/M due to a pathogen other than SA on 1 or more episodes separate from B/M due to SA and/or a polymicrobial infection
involving SA and a non-SA pathogen. Polymicrobial infections were reported for 73 infants (76 episodes).
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SA B/M resistant at others. There was
no evidence of temporal clustering
or outbreaks of MRSA infections. Sur-
veillance screening for MRSA was
conducted at a majority of centers;
information regarding legal mandates
and screening practices was not avai-
lable. Isolation practices after identi-
fication of infants infected or colonized
with MRSA or MSSA varied. Our finding
that the proportion of infants with SA
B/M was generally higher at the cen-
ters that conductedMRSA surveillance
screening compared with those that
did not may suggest that surveillance
screening is less efficacious in pre-
venting SA B/M. Furthermore, this
supports the important contribution
of MSSA to SA B/M. Notably, only 2
of the 16 centers with available in-
formation reported placing infants
infected with MSSA on contact pre-
cautions, and only 1 center isolated in-
fants colonized with MSSA, consistent
with the perception that MSSA infec-
tions are responsible for a lower burden

of disease than MRSA infections. Fu-
ture investigations should examine
surveillance and isolation practices
in relation to baseline rates of MRSA
and MSSA infections at individual cen-
ters to understand and optimize best
practices.

Although MRSA is perceived as a path-
ogen of greater consequence, our
findings suggest that MSSA is a patho-
gen of similar significance with a com-
parable severity of illness in this cohort
of VLBW infants. These results support
reconsideration of isolation policies
and practices among VLBW infants that
have traditionally focused only onMRSA
and broadening their scope to include
MSSA.

Our ability to draw conclusions about
early-onset SA B/M was limited by the
small number of infants who fit this
classification. Centers did not collect
vaginal or rectal surveillance swabs
from mothers at the time of birth.
Colonization status of infants before
the development of infection was also

not collected. Information regarding
antimicrobial susceptibility and mo-
lecular characteristics of the SA iso-
lates and antimicrobial management
of the infants was not available and
therefore could not be included in our
analyses. Consistent with other reports
of late-onset sepsis, coagulase-negative
Staphylococcus (CoNS) was the most
frequent non-SA pathogen isolated.
Klebsiella spp, Enterobacter spp, and
Serratia spp were the most frequent
gram-negative isolates, and Candida
albicans was the most frequently
isolated fungal organism. We were
unable to correct rates of infections
for catheter-days because we did not
have access to information regarding
vascular catheter-associated practices
and utilization from each of the sites.
The presence of CSF shunts and the
characteristics of CSF collected were
similarly unavailable.

CONCLUSIONS

There is a perception that MRSA infec-
tions result in greater morbidity and
mortality than infections with MSSA.
However, we found no significant dif-
ferences in the risk for morbidity or
mortality during the birth hospitaliza-
tion of VLBW infants with MRSA com-
pared with those with MSSA B/M.
Overall mortality was high for VLBW
infants with MRSA and MSSA B/M
(∼25%), including death within 7
days after isolation of SA (11% and
14% for MRSA and MSSA, respec-
tively). Continued surveillance to
monitor the rates of MRSA and MSSA
B/M provides an appreciation of the
clinical significance of staphylococcal
sepsis in extremely premature neo-
nates.
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