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Abstract
OBJECTIVES—Our objectives were to identify factors associated with the duration of the first
antibiotic course initiated in the first 3 postnatal days and to assess associations between the duration
of the initial antibiotic course and subsequent necrotizing enterocolitis or death in extremely low
birth weight infants with sterile initial postnatal culture results.

METHODS—We conducted a retrospective cohort analysis of extremely low birth weight infants
admitted to tertiary centers in 1998–2001. We defined initial empirical antibiotic treatment duration
as continuous days of antibiotic therapy started in the first 3 postnatal days with sterile culture results.
We used descriptive statistics to characterize center practice, bivariate analyses to identify factors
associated with prolonged empirical antibiotic therapy (≥5 days), and multivariate analyses to
evaluate associations between therapy duration, prolonged empirical therapy, and subsequent
necrotizing enterocolitis or death.

RESULTS—Of 5693 extremely low birth weight infants admitted to 19 centers, 4039 (71%)
survived >5 days, received initial empirical antibiotic treatment, and had sterile initial culture results
through the first 3 postnatal days. The median therapy duration was 5 days (range: 1–36 days); 2147
infants (53%) received prolonged empirical therapy (center range: 27%–85%). Infants who received
prolonged therapy were less mature, had lower Apgar scores, and were more likely to be black. In
multivariate analyses adjusted for these factors and center, prolonged therapy was associated with
increased odds of necrotizing enterocolitis or death and of death. Each empirical treatment day was
associated with increased odds of death, necrotizing enterocolitis, and the composite measure of
necrotizing enterocolitis or death.
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CONCLUSION—Prolonged initial empirical antibiotic therapy may be associated with increased
risk of necrotizing entero-colitis or death and should be used with caution.

Keywords
antibiotic use; bloodstream infection; extremely low birth weight infants; necrotizing enterocolitis;
death

Antibiotics are the most commonly prescribed medications in intensive care nurseries.1,2
Virtually all extremely low birth weight (ELBW) infants (birth weight of <1000 g) admitted
to intensive care nurseries receive empirical antibiotic treatment in the first postnatal days,
although cultures from normally sterile sites usually do not yield any bacterial agents and the
incidence of culture-proven bacterial sepsis is low in this population.2,3 A previous study
suggested that selection of cefotaxime instead of gentamycin for the first 3 postnatal days was
associated with higher mortality risk, even for the most preterm infants.2 In addition to selecting
which antibiotics to use for initial therapy in the first postnatal days, clinicians caring for ELBW
infants must choose the duration of the initial empirical antibiotic course. One concern
regarding prolonged empirical therapy and treatment with broadly acting therapeutic agents
such as cefotaxime is that prolonged therapy perturbs the colonization of the neonatal intestinal
flora.4 It is not known whether variations in the duration of the initial antibiotic course in ELBW
infants, in the absence of positive blood or cerebrospinal fluid culture results, are associated
with the risk of subsequent death or necrotizing enterocolitis (NEC). Our hypotheses were that
multiple factors, including gestational age and center, would be associated with variations in
the duration of the initial empirical antibiotic therapy provided for ELBW infants with sterile
initial postnatal culture results and that prolonged duration of the initial empirical antibiotic
course would be associated with the risk of death or NEC among ELBW infants with sterile
initial postnatal culture results.

METHODS
Cohort

Data were collected prospectively for ELBW neonates (weighing 401–1000 g at birth) who
were born between September 1, 1998, and December 31, 2001, and were cared for at one of
the Eunice Kennedy Shriver National Institute of Child Health and Human Development
(NICHD) Neonatal Research Network sites. The network maintains a registry of infants with
birth weights of 401 to 1500 g who are admitted to NICUs at participating centers within 14
days after birth. Trained research personnel collect maternal sociodemographic, pregnancy,
and delivery data soon after birth and infant data from birth until 120 postnatal days, discharge,
or death, using common definitions described previously.5 The institutional review board at
each center approved participation in the registry.

The registry includes data on early-onset sepsis (EOS) (defined as in previous network reports
of EOS,3 on the basis of positive blood culture results obtained within the first 3 postnatal days
and treated for ≥5 days), late-onset sepsis (LOS) (culture-positive infections after 3 postnatal
days), and infecting organisms. During the study period, infection surveillance was expanded
to include detailed data on maternal intrapartum antibiotic use, results of all blood and
cerebrospinal fluid cultures, and all antibiotic use for newborns regardless of culture status.
Data on intrapartum maternal fever were not collected. Blood cultures were processed by the
clinical microbiology laboratory at each center, with either Bactec (Becton Dickinson, Sparks,
MD) or BacT/Alert (Organon Teknika, Durham, NC) systems. Decisions regarding the number
of blood culture samples collected and whether to obtain samples through catheters or
peripherally were at the discretion of the bedside clinician. The usual practice among
participating centers was to inoculate blood culture bottles with ≥0.5 mL of blood. The decision
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to collect other culture samples, including cerebrospinal fluid, was at the clinician’s discretion.
Neonates included in the current analysis weighed 401 to 1000 g at birth, survived beyond
postnatal day 5, were inborn or admitted within the first 24 hours after birth, had no major birth
defects or congenital anomalies, received initial empirical treatment with ≥1 antibacterial agent
in the first 3 postnatal days, and did not have EOS.

Definitions
We defined initial empirical antibiotic treatment as the first antibiotic treatment initiated within
the first 3 postnatal days. If administration of 2 antibiotics was started on postnatal day 1 and
administration of 1 antibiotic was started on postnatal day 3, then we included only antibiotics
for which administration was started on postnatal day 1. We defined prolonged initial empirical
antibiotic treatment as ≥5 days of initial empirical antibiotic treatment with sterile culture
results. The duration of initial empirical antibiotic treatment was defined as the number of days
until administration of all initially administered antibiotics was discontinued. Dates but not
times of therapy initiation and discontinuation were available; therefore, days of initial
antibiotic use might have been overestimated by as much as 1 day in some cases. For example,
if administration of antibiotics for a patient born Monday at 8:00 AM was started at 9:00 AM

Monday and stopped at 9:00 AM Wednesday, this was counted as 3 days of antibiotic
administration. For infants with positive blood or cerebrospinal fluid culture results after the
first 3 postnatal days, the duration of initial empirical antibiotic treatment was calculated by
using the date of the first positive culture result as the end date (because this likely represented
nursery-associated infection and not intrapartum infection); therefore, the duration of initial
empirical antibiotic therapy stopped with the first positive culture result even if antibiotic
administration was continued after that time. NEC was classified according to the modified
Bell criteria, and stage ≥2 NEC was included in the outcome definitions.6

Analysis
To identify factors associated with the duration of initial empirical antibiotic treatment, the
median duration and frequency of prolonged initial empirical antibiotic treatment were
examined for all infants and for infants at individual centers. Maternal and neonatal baseline
characteristics collected within the first 3 postnatal days were compared for infants who did
and did not receive prolonged initial empirical antibiotic treatment. Statistical significance for
comparisons was determined with χ2 tests for categorical variables and with Wilcoxon tests
for continuous variables. Nonparametric tests were used to determine significance for
comparisons involving continuous variables because some of the continuous variables were
not normally distributed.

Logistic regression models were used to evaluate associations between the duration of initial
empirical antibiotic treatment and the use of prolonged initial empirical antibiotic treatment
and the 3 outcomes of primary interest, that is, NEC or death, NEC alone, and death alone. In
addition to including either duration of initial empirical antibiotic treatment or use of prolonged
antibiotic therapy, models included demographic, maternal, perinatal, and neonatal variables
shown previously to be associated with NEC and death.7–9 These variables included network
center, gestational age, small-for-gestational age status, race, gender, rupture of membranes
for >24 hours, prenatal steroid treatment, prenatal antibiotic treatment, maternal hypertension,
maternal hemorrhage, multiple births, Apgar score at 5 minutes of <5, and outborn versus
inborn. All variables were entered as categorical variables except for gestational age and
duration of initial empirical antibiotic treatment, which were entered as continuous variables.
A quadratic term for duration of initial empirical antibiotic treatment was initially included in
each model with this variable, to assess whether the relationship between duration and outcome
was linear. The term was statistically significant for the outcome of death alone; therefore, it
was retained in this model but dropped from the models for the other 2 outcomes.
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Therapy use may indicate sicker infants who are most at risk for the outcomes studied. In an
attempt to minimize this concern, associations between duration of initial empirical antibiotic
treatment and outcomes were assessed among the sickest infants, in a subgroup analysis. For
this analysis, the sickest infants were defined as infants for whom mechanical ventilation was
started on postnatal day 1 and continued through at least the first 7 days or until death (if before
day 7). Each outcome model was reanalyzed with this indicator of severity of illness and the
interaction between this indicator and the initial antibiotic variable added. For all infants and
for those in the 7-day ventilation subgroup, the number needed to harm was calculated for each
outcome by using the adjusted odds ratio (OR) associated with prolonged initial empirical
antibiotic treatment in the logistic regression model fit to the outcome of interest. To assess
the impact of defining prolonged antibiotic treatment beyond the somewhat-arbitrary cutoff
point of 5 days, the risk-adjusted overall and ventilation subgroup analyses were repeated by
using cutoff points of ≥4 days (when virtually all negative blood culture results would be
expected to represent true-negative results and most clinicians would have completed the
minimal course to rule out sepsis),10 ≥7 days, and ≥10 days to define prolonged initial empirical
antibiotic treatment.

Secondary analyses were conducted to assess associations between prolonged initial empirical
antibiotic treatment and LOS. A logistic regression model that included the same covariates
as for the primary analysis and prolonged initial therapy defined as ≥5 days was fit to the
combined outcome of LOS or death, and analysis was repeated by using a cutoff point of 4
days to define prolonged therapy. Both models were repeated with exclusion of LOS caused
by coagulase-negative Staphylococcus from the outcome. Other supplementary analyses
examined the impact of early enteral feedings on associations between the duration of initial
empirical antibiotic treatment and prolonged initial antibiotic treatment and each primary
outcome, as well as the secondary outcome of LOS or death. The logistic regression models
for each outcome were reanalyzed to include an indicator for early enteral feedings (started in
the first 4 days of life versus started on day 5 or later), as well as an interaction between this
indicator and the initial empirical antibiotic treatment variable in the model. All data were
analyzed by using SAS 9.1 (SAS Institute, Cary, NC), at RTI International (Research Triangle
Park, NC).

RESULTS
Study Group

A total of 5693 infants with birth weights of 401 to 1000 g were born between September 1,
1998, and December 31, 2001, cared for at 19 neonatal network centers, and included in the
database. Of those, 1654 infants were excluded from analysis, including 1161 infants who died
<5 days after birth, 174 outborn infants who were admitted >24 hours after birth, 125 infants
who had major birth defects, 80 infants who had EOS, and 114 infants who did not receive any
initial empirical antibiotic treatment in the first 3 postnatal days. Therefore, 4039 infants who
had no major birth defects, survived ≥5 days, did not have EOS, and received empirical
antibiotic treatment in the first 3 postnatal days were included.

Of the 4039 infants, 3881 (96%) were treated with a combination of 2 antibiotics. Ampicillin
and gentamicin were the most commonly prescribed combination (used for 83% of those 4039
infants). Three centers accounted for virtually all cephalosporin use (Table 1). Overall, the
median duration of initial empirical antibiotic treatment for individual infants was 5 days (Table
2). The median duration of initial empirical antibiotic treatment varied significantly among
centers, from 3 to 9.5 days (P < .001). More than one half of the infants (2147 infants; 53% of
4039 infants) in the study cohort received initial empirical antibiotic treatment for ≥5 days (Fig
1). The range among centers for the proportion of infants who received ≥5 days of empirical
antibiotic treatment in the absence of positive culture results was 27% to 85%.
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Identification of Risk Factors for Prolonged Initial Empirical Antibiotic Treatment
Infants who received initial empirical antibiotic treatment for ≥5 days in the absence of positive
culture results were more likely to be of younger gestational age, to be of lower birth weight,
to be black, to have lower Apgar scores, and to have been born >24 hours after rupture of
membranes. Their mothers were more likely to have received intrapartum antibiotic treatment.
Other variables that were tested are listed in Table 3.

Analysis of Duration of Initial Empirical Antibiotic Treatment and Prolonged Initial Empirical
Antibiotic Treatment for Association With NEC or Death

A total of 440 (11%) of the 4039 study infants were diagnosed as having NEC, 203 (46% of
infants with NEC) with Bell stage 2a, 2b, or 3a NEC (medical NEC) and 237 (54% of infants
with NEC) with Bell stage 3b NEC (surgical NEC). In addition, 658 study infants (16% of
4039 infants) died after postnatal day 5; 919 (23%) of the 4039 infants developed the composite
outcome of NEC or death. A larger proportion of infants with this composite outcome had
received prolonged initial antibiotic treatment, compared with infants without this outcome
(61% vs 51%; P < .001) (Table 4). Results were similar for infants with NEC alone or death
alone.

In risk-adjusted multivariate analyses, longer durations of initial empirical antibiotic treatment
were more likely to be associated with NEC or death and NEC alone, compared with shorter
durations of initial empirical antibiotic treatment (Table 5). We observed a ~4% increase in
the odds of an infant in this study cohort having NEC or dying with each additional day of
initial empirical antibiotic treatment. The increase with each additional day was almost doubled
for NEC alone, with a ~7% increase in the odds for each additional day of initial empirical
antibiotic treatment. Duration of initial empirical antibiotic use was strongly associated with
increased mortality rates, with a ~16% increase in the adjusted odds for each additional day of
initial empirical antibiotic treatment; however, the statistically significant quadratic term
suggests that this effect was attenuated as duration increased beyond 22 days. Odds of NEC
or death and odds of death were increased with prolonged initial empirical antibiotic treatment
of ≥5 days, and a trend toward increased odds was demonstrated for NEC. The number needed
to harm, that is, the number of infants who would need to be treated with prolonged initial
empirical antibiotic treatment before 1 infant developed NEC or died who would not have
otherwise, was 22 infants. For death alone, the number needed to harm was 21 infants; for
NEC, the value was 54 infants. Center also was associated with the odds of NEC or death, as
well as the odds of NEC alone and death alone, as noted in previous analyses.7,8 When
prolonged initial empirical antibiotic treatment was defined as ≥4 days of initial empirical
antibiotic treatment, the results were similar to, if not more striking than, the ≥5-day treatment
results for NEC or death (OR: 1.50 [95% confidence interval (CI): 1.22–1.83]), NEC alone
(OR: 1.34 [95% CI: 1.04–1.73]), and death alone (OR: 1.86 [95% CI: 1.45–2.39]). Results
were similar but the association was reduced when cutoff points of ≥7 or ≥10 days were used.

Additional multivariate analyses were performed for the infants who were intubated for 7 of
the first 7 postnatal days, in an attempt to account for severity of illness. Among infants who
were intubated and receiving mechanical ventilation for the first 7 postnatal days, the
associations with prolonged initial empirical antibiotic treatment remained strong, with
multivariate logistic regression analyses demonstrating higher odds of NEC, death, and the
composite outcome of NEC or death for infants who received prolonged initial empirical
antibiotic treatment (Table 6). The number needed to harm (the number of infants from this
higher-risk cohort who would need to be treated with prolonged initial empirical antibiotic
treatment before 1 infant developed NEC or died who would not have otherwise) was 14
infants. For death alone, the number needed to harm was 16 infants; for NEC, the value was
25 infants. The associations remained strong (NEC or death: OR: 1.73 [95% CI: 1.32–2.27];
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NEC alone: OR: 1.70 [95% CI: 1.15–2.51]; death alone: OR: 1.85 [95% CI: 1.36–2.50]) when
prolonged initial empirical antibiotic treatment was defined as ≥4 days.

Supplemental Analyses of LOS and Impact of Early Enteral Feedings
In addition to the primary analyses assessing associations between initial empirical antibiotic
therapy and NEC or death, we assessed associations with LOS or death. With the same
multivariate model, a significant association was found between initial antibiotic course of ≥4
days and the combined outcome of LOS or death (OR: 1.21 [95% CI: 1.03–1.42]), although
statistical significance was not obtained for initial therapy lasting ≥5 days (OR: 1.09 [95% CI:
0.95–1.26]). Both ≥4 and ≥5 days of initial empirical antibiotic treatment were associated with
increased risk of the combined outcome of LOS caused by organisms other than coagulase-
negative Staphylococcus or death (≥4 days: OR: 1.32 [95% CI: 1.11–1.58]; ≥5 days: OR: 1.24
[95% CI: 1.06–1.44]).

We found no evidence that the associations of duration of initial empirical antibiotic treatment
or prolonged initial empirical antibiotic treatment with the primary outcome of NEC or death
were different among infants who began enteral feedings in the first 4 postnatal days versus
after 4 days (nonsignificant interactions; P = .17 and P = .22, respectively); however, the
associations of NEC alone with duration of initial empirical antibiotic treatment and with
prolonged initial empirical antibiotic treatment (defined as ≥5 days) were stronger for the
infants who began enteral feedings on postnatal day 5 or later than for those who started enteral
feedings in the first 4 postnatal days (prolonged initial empirical antibiotic treatment versus
not: feedings started on postnatal day 5 or later: OR: 1.50 [95% CI: 1.14–1.97]; feedings started
before postnatal day 5: OR: 0.99 [95% CI: 0.93–1.06]).

DISCUSSION
The use of empirical antibiotic therapy for premature infants in the first postnatal days is based
on the immaturity of these infants’ immune systems, the high mortality rate among infants who
have invasive bacterial infections, and the higher prevalence of EOS among preterm infants,
compared with term infants.3,11 Our data suggest that prolonged initial empirical antibiotic
therapy for infants with sterile culture results may be associated with subsequent death or NEC.

Cordero and Ayers12 investigated initial empirical antibiotic practices for 790 ELBW infants,
including 695 with sterile initial culture results, from a consortium of 30 academic hospitals
in 24 states. Those investigators did not statistically assess center variation in initial empirical
antimicrobial practices but did report that, in one half of the 30 hospitals, ≥50% of the infants
with suspected EOS were given antibiotics for >3 days after documented sterile blood culture
results. Our results are consistent with theirs, because no advantage of longer empirical
antibiotic courses was apparent. Their study also included a measure of severity of illness, the
Clinical Risk Index for Babies.13 Clinical Risk Index for Babies scores were not different for
infants with sterile culture results who received <3 days of antibiotic treatment and infants who
received >7 days of antibiotic treatment. This result suggests that the decision to use longer
versus shorter courses of empirical antibiotic treatment among infants with sterile culture
results is more an institutional decision than one based on severity of illness.12

The choice of antibiotic duration is likely to affect colonization of the neonatal intestine.4,14

This colonization, at least in animal models, seems to contribute to physiologic development
of the intestine, immunologic development, and absorbance of nutrients.15,16 Alterations and
variations in any or all of these areas could increase the risk of NEC.17,18 In addition, exclusion
of commensal flora could allow for colonization with fungal species, and intestinal colonization
by fungi has been associated with greater risk of neonatal candidiasis.19,20 The association in
our data between prolonged initial antibiotic course and higher risk of NEC among infants who
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started enteral feedings on day ≥5 of life warrants further investigation, with more-complete
information on the type and volume of feedings than was available in this retrospective cohort
analysis.

Our data suggest that use of ≥5 days of empirical antibiotic therapy initiated in the first 3
postnatal days despite sterile culture results may not be benign, although we are not proposing
that all ELBW infants with sterile culture results have antibiotic coverage limited to <5
postnatal days, because blood culture volumes of 1 to 2 mL needed for optimal sensitivity may
not be consistently available.21 In the near future, the decision to treat ELBW infants with
sterile culture results and without signs of sepsis beyond the first 2 to 3 postnatal days may be
more informed with use of automated blood culture systems that provide positive results in the
first 48 hours after initiation of culture,22 and with development of adjunctive diagnostic tests
such as those reviewed by Mishra et al.23 In that review, the authors described the relative
value of multiple tests and combinations of tests, including leukocyte indices and levels of C-
reactive protein, procalcitonin, cell surface markers CD11b and CD64, granulocyte colony-
stimulating factor, numerous cytokines, including interleukin 6, interleukin 8, and members of
the interleukin 1 family, and various leukocyte adhesion factors. Sensitivity, specificity, and
positive and negative predictive values are promising for many of these tests alone and most
compellingly in combinations, but most are not readily available in clinical settings. Mishra et
al23 also described the potential use of microbial molecular genetics methods and the use of
probes for the common bacterial genome marker 16S rRNA. Although culture methods might
have improved in sensitivity (not all viral, fungal, or bacterial organisms grow in clinical
laboratory conditions), additional microbial molecular methods may be useful.24 Such current
methods were described by Palacios et al25 in a recent report on adapting high-throughput DNA
pyrosequencing to pathogen discovery for 3 patients who developed lethal febrile illnesses
after receiving visceral organ transplants from the same donor. In that report, the authors
discussed the innovations in specimen preparation and bioinformatics that permitted them to
identify the novel arenavirus infection in those 3 patients. With evidence supporting risk
associated with duration of initial empirical antibiotic treatment, enhancing clinicians’ ability
to distinguish ELBW infants who would benefit from prolonged antibiotic treatment in the
absence of positive culture results justifies the ongoing investigation and the development of
adjunctive diagnostic tests. When these new techniques of analyzing the complex combinations
of host and pathogen molecular markers become available to clinicians, we are likely to see a
significant change in antimicrobial practice.

Several study design decisions were made during this analysis, including the use of 5 days of
antibiotic exposure as a categorical definition of prolonged duration of antibiotic treatment.
This arbitrary decision was somewhat validated by the finding that it was the median duration
for the study cohort. Given the possibility that duration of initial therapy was overestimated
by 1 day, because we had no information on the time of day of antibiotic dosing, we wanted
to ensure that our definition of prolonged antimicrobial therapy went beyond the usual shorter
rule-out duration of 2 to 3 days of antibiotic treatment. Testing associations of NEC or death
with prolonged antibiotic treatment defined as 7 or 10 days of exposure yielded similar results.
Earlier investigators examined the use of cephalosporins in the first empirical antibiotic course
and associations with mortality rates.2 We had hoped to assess the independent effect of
exposure to cephalosporins in the initial antibiotic regimen on the primary outcome but were
limited because the use of cephalosporins was virtually exclusive to 3 centers (Table 1), with
1 in particular using it for 95% of infants. The strong correlation between cephalosporin use
and center in our cohort prohibited examination of the effects of cephalosporin use independent
of center effects.

This investigation focused on associations between antibiotic practice differences and NEC or
death. We did not analyze all early postnatal practices that could influence the risk of NEC or
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death. Although data on the timing of first enteral feedings were available, we lacked detailed
information such as type (human milk versus formula) and amount of enteral nutrition received
on any particular day.26,27 Risk association with longer antibiotic courses in our retrospective
analyses may indicate that a sicker group of infants received longer antibiotic courses.
Multivariate logistic regression analyses were used in attempts to correct for some of those
differences by assessing the significance of factors, such as gestational age, that contribute to
the overall risk of a specific outcome, but they were unable to correct fully for all possible
study group differences. Additional subgroup analyses of a proxy for the sickest infants, that
is, those who required continuous mechanical ventilation throughout the first 7 postnatal days,
showed results similar to those for analysis of the whole cohort; however, even this approach
is imperfect. Not all ventilated infants have the same severity of illness, and some infants who
are weaned off ventilator support early may be more likely to have minor hypoxic events that
predispose them to gut ischemia and thus NEC. This might have created significant “risk
misclassification.”

CONCLUSIONS
The duration of initial empirical antibiotic treatment in the first postnatal days for ELBW
infants whose cultures from sterile sites failed to yield evidence of infection varied widely
among the centers studied. The data from this study demonstrated increased individual risk of
NEC or death with prolonged initial empirical antibiotic treatment in this study population.
Further prospective study is needed to determine causation and to determine whether limiting
the duration of initial antibiotic treatment with sterile culture results might reduce the risk of
NEC and death for ELBW infants.

What’s Known on This Subject

Antibiotics are among the most commonly prescribed medications in intensive care
nurseries, especially in the first postnatal days, when most culture results are negative.
Antimicrobial agents perturb colonization of the intestinal flora and may influence health
outcomes.

What This Study Adds

This study provides evidence of an association between longer duration of initial empirical
antibiotic courses started in the first postnatal days and death and NEC for ELBW infants
whose initial blood and cerebrospinal fluid culture results are sterile.

Abbreviations
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National Institute of Child Health and Human Development; EOS, early-onset sepsis; LOS,
late-onset sepsis; NEC, necrotizing enterocolitis; OR, odds ratio.
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FIGURE 1.
Numbers of study infants according to duration of initial empirical antibiotic treatment.
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TABLE 2
Duration of Initial Empirical Antibiotic Treatment and Frequency of Prolonged Initial Empirical Antibiotic Treatment
According to Network Center (N = 4039)

Center Duration of Initial Empirical
Antibiotic Treatment,

Median (Range), d

Prolonged Initial Empirical
Antibiotic Course (≥5 d),

%a

1 6 (2–21) 55

2 4 (2–11) 49

3 8 (1–33) 73

4 5 (1–33) 56

5 7 (1–36) 73

6 7 (3–29) 68

7 4 (2–17) 38

8 6 (1–26) 55

9 4 (2–26) 47

10 6 (1–15) 55

11 3 (2–26) 29

12 4 (2–19) 49

13 4 (2–22) 43

14 4.5 (2–23) 50

15 5 (2–32) 54

16 9.5 (2–17) 85

17 4 (2–33) 27

18 4.5 (2–15) 50

19 7 (3–21) 72

Total 5 (1–36) 53 (N = 2147)

a
Proportion of infants included in the study cohort (P <.001 for center differences).
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TABLE 3
Characteristics Associated With Prolonged Initial Empirical Antibiotic Treatment

Prolonged Initial Empirical
Antibiotic Treatment

p

No
(N = 1892)

Yes
(N = 2147)

Maternal demographic features

  Married, n (%) 873 (47) 914 (43) .02

  Gravida, mean ± SD 2.62 ± 1.88 2.87 ± 2.05 <.001

  Multiple gestation, n (%) 459 (24) 435 (20) .002

  Hypertension, n (%) 539 (29) 422 (20) <.001

  Prenatal steroid treatment, n (%) 1538 (82) 1685 (79) .02

  >1 course of prenatal steroid
treatment,n(%)

144 (8) 131 (6) .07

  Intrapartum antibiotic
treatment, n (%)

1213 (64) 1515 (71) <.001

  Rupture of membranes for >24 h, n (%) 336 (18) 569 (27) <.001

  Cesarean section, n (%) 1207 (64) 1184 (55) <.001

Neonatal demographic features

  Birth weight, mean ± SD, g 790 ± 139 752 ± 144 <.001

  Gestational age, mean ± SD, wk 26.3 ± 2.01 25.6 ± 1.89 <.001

  Female, n (%) 1036 (55) 1049 (49) <.001

  Race, n (%)

    Black 783 (42) 1031 (48) <.001

    White 771 (41) 762 (35)

    Hispanic 270 (14) 299 (14)

    Other 62 (3) 53 (2)

  Small for gestational age, n (%) 366 (19) 308 (14) <.001

  5-min Apgar score of<5, n (%) 205 (11) 391 (18) <.001

Variables tested but not associated with prolonged initial empirical antibiotic treatment with P <.1 included maternal age of<25 years, prenatal care (defined
as≥1 visit before delivery), maternal diabetes mellitus, maternal hemorrhage, completed ≥1 course of prenatal steroid treatment, and maternal use of
tocolytics.
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TABLE 4
Duration of Initial Empirical Antibiotic Treatment and Proportion of Infants Who Received Prolonged Initial Empirical
Antibiotic Treatment According to the Outcome of NEC and/or Death

Outcome P

No Yes

NEC or death, N 3099 918

  Duration of initial treatment,
median (range), d

5 (1–36) 6 (1–33) <.001

  Prolonged initial treatment, n (%) 1577 (51) 563 (61) <.001

NEC,N 3594 440

  Duration of initial treatment,
median (range), d

5 (1–36) 6 (2–33) <.001

  Prolonged initial treatment, n (%) 1892 (53) 255 (58) .04

Death, N 3359 657

  Duration of initial treatment,
median (range), d

5 (1–36) 6 (1–22) <.001

  Prolonged initial treatment, n (%) 1716 (51) 412 (64) <.001

Data on duration of antibiotic use were missing for 5 infants, data on the death outcome were missing for 18 infants, and data on the composite NEC or
death outcome were missing for 17 infants.
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TABLE 5
Multivariate Logistic Regression Analysis of Antibiotic Duration and NEC or Death

Outcome Duration of Initial Empirical
Antibiotic Treatment

(Odds per Day)

Prolonged Initial Empirical
Antibiotic Treatment

OR (95% CI) P OR (95% CI) P

NEC or death (total, N =
3883; with
outcome, n = 884)

1.04 (1.02–1.06) <.01 1.30 (1.10–1.54) <.01

NEC (total, N = 3899; with
outcome,
n = 427)

1.07 (1.04–1.10) <.001 1.21 (0.98–1.51) .08

Death (total, N = 3882; with
outcome,
n = 631)

1.16 (1.08–1.24) <.001 1.46 (1.19–1.78) <.001

ORs were adjusted for study center, gestational age, small-for-gestational age status, gender, black race, 5-minute Apgar score of <5, rupture of membranes
for >24 hours, outborn, prenatal steroid treatment, intrapartum antibiotic treatment, maternal hypertension, maternal hemorrhage, and multiple birth. The
total numbers of infants shown represent the numbers of infants with nonmissing outcome and covariate data who were included in each model.
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TABLE 6
Multivariate Logistic Regression Analysis of Antibiotic Duration and NEC or Death Among Infants Intubated for the
First 7 Postnatal Days

Outcome Duration of Initial Empirical
Antibiotic Treatment

(Odds per Day)

Prolonged Initial Empirical
Antibiotic Treatment

OR (95% CI) P OR (95% CI) P

NEC or death (total, N =
2128; with
outcome, n = 635)

1.04 (1.01–1.07) .01 1.41 (1.14–1.75) <.01

NEC (total, N = 2141; with
outcome,
n = 238)

1.09 (1.05–1.13) <.001 1.50 (1.11–2.02) <.01

Death (total, N = 2127; with
outcome,
n = 509)

1.13 (1.05–1.22) <.01 1.42 (1.13–1.80) <.01

Infants who were intubated continuously until death but who died before day 7 (n = 52) were included in this subgroup. ORs were adjusted for study
center, gestational age, small-for-gestational age status, gender, black race, 5-minute Apgar score of <5, rupture of membranes for > 24 hours, outborn,
prenatal steroid treatment, intrapartum antibiotic treatment, maternal hypertension, maternal hemorrhage, and multiple birth. The total numbers of infants
shown represent the numbers of infants in this subset with nonmissing outcome and covariate data.
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