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Abstract
Purpose of review—Clinicians’ adherence to AAP and CDC Guidelines to prevent Group B
Streptococcal (GBS) early onset sepsis (EOS) have reduced GBS EOS. While evidence-based
testing and empirical antibiotic initiation is likely saving lives, clinicians have less compelling
data to guide duration of empirically initiated antibiotics when cultures remain sterile and clinical
signs resolve quickly. Our purpose is to review current opinions and evidence influencing
clinicians’ choices for duration of empirically initiated antibiotics in newborns with sterile
cultures.

Recent findings—Retrospective cohort studies indicate potential for harm with longer duration
of empirical antibiotics for EOS when cultures are sterile. Cohort studies indicate timing of widely
used tests used to estimate EOS risk affects their predictive value, and tests acquired 24 – 48 hours
postnatally may provide reassurance for safe discontinuation.

Summary—Every day clinicians caring for thousands of neonates in the US stop antibiotics
which were started empirically to treat EOS on the first postnatal day. Evidence is lacking to
support a universal approach to decisions on duration of empirical antibiotics when cultures
remain sterile. Reviewing predictive value relative to timing of laboratory testing can help
clinicians develop locally appropriate antimicrobial duration decision-making guidelines.
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Introduction
Early onset sepsis (EOS) is characterized by bacteremia, pneumonia, and meningitis, and
positive blood or CSF cultures obtained in the first three postnatal days. EOS affects an
estimated 0.7% of newborns annually in the US, an estimated 3300 cases per.[1**,2**] An
estimated 390 deaths per year are attributable to EOS.[1**,2**,3] Because of its dire
consequences, the subtleties of clinical presentation, and Center for Disease Control (CDC)
and American Academy of Pediatrics (AAP) Committee on Fetus and Newborn (COFN)
guidelines for empirical antimicrobial treatment based on antenatal risk factors for Group B
Streptococcus (GBS) EOS, the most common EOS pathogen, clinicians empirically treat
approximately 30% of mothers antenatally and approximately 10% of U.S. newborns with
antibiotics in the first postnatal days.[1**,4] These widespread antibiotic exposures have
reduced GBS EOS by 80% since the first GBS prevention guidelines published in 1996.
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[1**,2**,5*] Epidemiologic evidence of higher mortality and morbidity among premature
neonates with sterile cultures and long empirical antibiotic courses has recently emerged,
and concerns over rising antimicrobial resistance among common pathogens, including E.
coli, with two thirds of isolates from EOS E. coli samples ampicillin resistant, have grown.
[1**,2**,6–8*] In this brief review, we discuss the impact of guidelines on clinicians’
approach to EOS, and discuss use of laboratory tests that influence decisions to stop
empirical antibiotics for EOS when cultures remain sterile.

Who gets to continue empirical antibiotics for EOS beyond 48 postnatal
hours?

Neonates with positive cultures should be continued on antimicrobials, and the duration
should be based on the accumulated evidence of susceptibility for the specific organism.[5*]

Neonates with clinical signs consistent with infection that persist beyond the first postnatal
day should also receive longer courses, as the more severe the signs, (need for mechanical
ventilation and pressors) the more likely a culture will ultimately be positive.[4]
Continuation even in the absence of positive cultures for continuously sick neonates is in
part due to the potential false negative sterile blood or spinal fluid culture. Most centers use
rapid bacterial growth cultures such as BACTEC systems, with high likelihood of
identifying bacteria in 1 mL samples 1 mL,[9] but some flexibility must be given for
situations when low organisms concentrations may still cause significant problems, but may
not be detectable in low volume samples.[10] Antibiotic exposure prior to obtaining cultures
may reduce likelihood of identifying an organism with culture methods, although reports are
reassuring that even with intrapartum antibiotics used per the CDC GBS prophylaxis
guidelines, pathogens can grow in blood cultures from infected infants.[9]

Who should have antibiotics stopped at 48 hours and can the CBC help?
Neonates initiated on empirical antibiotics for EOS who have sterile cultures, with no signs
of infection, and normal screening laboratory exams should have antimicrobials stopped. In
a single center study of over 3000 patients admitted to the NICU who had a blood culture
obtained in the first postnatal hour, and a complete blood count (CBC) obtained in the first
postnatal hour and again at 8 – 12 hours, none of the 1539 neonates (49%) who had 2
normal immature to total neutrophil (I:T) ratios and a negative blood culture at 24 hours
subsequently developed sepsis.[11] Therefore, if no early test was abnormal, the culture is
sterile, the neonate is well, antibiotics should be stopped.

In cases where risk is perceived as higher and initial clinical signs are more numerous
(tachypnea, low sugar, low temperature, but resolved in 24 hours) but resolved, and initial
laboratory exams outside the normal range, clinicians may turn to the negative predictive
values of additional testing to validate resolution of clinical signs by the first 24 postnatal
hours. In the algorithm first proposed by COFN, antibiotics are to be continued if “lab data
are abnormal”, with no designation of when the laboratory tests should be obtained or how
long they should be continued.[12] The timing of obtaining a laboratory test, particularly a
CBC, as well as ancillary tests such as C-reactive protein (CRP), can provide reassurance,
when cultures are negative, and neonates have no clinical signs of sepsis, antibiotics can be
safely stopped.

In a cohort of 1665 asymptomatic neonates with blood cultures and CBCs obtained at 4
postnatal hours and maternal risk factors for EOS 17 (10%) were diagnosed with presumed
sepsis, but none had positive cultures.[13] Of the initially 1665 asymptomatic neonates, 454
(27%) had abnormal CBCs at 4 postnatal hours, including 7 of the 17 eventually diagnosed
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with presumed sepsis. Nearly all (91%) with diagnosis of sepsis had more than 1 sign/
symptom, and 77% had at least 3. This study reinforces the challenge in interpreting only
CBCs as a basis for initiation of empirical therapy, or as a basis for decisions for subsequent
management at the end of 48 hours of empirical treatment if clinical signs resolve and
cultures remain sterile.

In another cohort study, utility of CBC and differential was assessed in 856 term and near
term neonates exposed to clinical chorioamnionitis and started on empirical antibiotics. 96%
of the 856 remained asymptomatic and had sterile cultures. All were treated with empirical
antibiotics for 48 hours. Asymptomatic neonates with an abnormal immature to total
neutrophil (I:T) value on either the second (12 postnatal hours) or third (24 postnatal hours)
CBC were examined within 10 days of discharge by 1 of the investigators, and the parents
were contacted by telephone within 3 weeks. Those with normal I:T ratios were followed by
phone contact or in person within 3 weeks of discharge. Among asymptomatic neonates
with 3 CBC’s (first postnatal hour, 12 hours, 24 hours) 99% had at least one abnormal value
on total neutrophils, I:T ratio, or total immature neutrophil count. If only CBCs from 12 and
24 postnatal hours were analyzed, 79% of asymptomatic neonates had at least one abnormal
value. Four neonates had positive blood cultures, and although CBCs had abnormalities,
only half of the I:T values in these 4 neonates were abnormal. Of the asymptomatic
neonates, 92% were followed in person or by telephone. Of those followed by telephone (n
= 373), 8 (2.1%) were readmitted in the month following discharge, all with normal I:T’s on
serial CBCs, and none had culture-proven infection.[14]

The authors of the study of neonates empirically treated after chorioamnionitis concluded
that extended antibiotic therapy should be reserved for neonates with clinical signs of
infection (e.g., respiratory distress, feeding disorders, apnea, temperature instability) and/or
those who have a positive blood culture within 48 hours.[14] We concur with this
assessment, and strongly consider other tests (such as C-Reactive Protein) before extending
empirical antibiotic duration beyond 48 hours if CBCs had persistent abnormal values at 24
and/or 48 hours leading to clinical uncertainty despite absence of clinical signs of infection
or positive cultures.

We propose that abnormal CBC’s, with low ANC, high I:T ratios, obtained in an optimal
time period (at or beyond the first 4 postnatal hours [15]) reinforce need to be on antibiotics
at that time. However, we believe that, with the low likelihood of positive cultures in the
absence of clinical signs even in this group with an abnormal CBC, that repeat testing at 24
and possibly 48 hours to monitor values that if normal, would be consistent with an absence
of infection, and would support stopping antibiotics at 48 hours.

Does CRP at 24 and 48 hours aid duration of empirical antibiotic for EOS
decision-making?

Benitz et al reported on CRP levels in 1002 neonates with suspected EOS. Twenty (2%)
neonates had culture proven EOS, while 74 (7.4%) had probable sepsis with clinical signs
but sterile cultures. CRPs drawn 24 hours apart on the 2nd and 3rd postnatal days had
negative predictive values of 99.7% for proven and proven or probable EOS. Three normal
CRP levels were obtained in 694 of the 1002 neonates evaluated for EOS. 499 of 694 (72%)
neonates had antibiotics discontinued within 3 days, 13 required reevaluation for suspected
infection within 14 days of the initial evaluation. Five of these were infected, none with
GBS or E. coli. The authors felt that two CRP levels <1 mg/dL obtained 24 hours apart, 8 to
48 hours after presentation, indicate that bacterial infection is unlikely, but the sensitivity of
a normal CRP at the initial evaluation is not sufficient to justify withholding antibiotic
therapy.16
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Ehl et al studied 176 neonates with birthweight > 1500 g, suspected to have EOS. None of
the 84 neonates with low CRP (< 10 mg/L) at 24 and 48 hours and antibiotics stopped at 48
hours based on CRP results (Group 1) had a sepsis workup with positive cultures within 4
weeks of stopping initial antibiotics. Four Group 1 neonates had later sepsis workups, all
with sterile cultures. Three had low CRPs, and one had facial lacerations and CRPs > 10 mg/
L, and was treated for 4 days. Eighty-two neonates with CRP > 10 mg/L were randomized to
have daily CRPs and antibiotics stopped when CRP was < 10 mg/L (Group 2a), or 5 days of
additional antibiotics (Group 2b). Group 2a averaged 3.7 additional days of antimicrobials,
and group 2b averaged 5.5 days. A Group 2b patient who initially received 6 days of
antibiotic treatment for blood culture-positive infection with GBS, was readmitted 14 days
after discharge with positive cerebrospinal fluid culture for GBS. These results provide a
single center’s reassurance regarding utilization of persistent low CRPs to guide stopping
antibiotics at 48 hours in neonates with sterile cultures. The results do not provide
reassurance that 6 days is adequate duration for Group B strep EOS, although we agree with
the authors, that even longer treatment periods than the 6 days used in this infant do not rule
out the possibility of second infectious episodes in all neonates.[17] We agree that there is
reasonable evidence to support use of serial CRP measures at 24 and 48 hours to provide
guidance on continuation of empirical antibiotics if clinical signs were present in the first 24
postnatal hours and resolved, or CBC parameters were abnormal but the clinical exam was
normal throughout.

Why does duration matter?
Concerns about duration of antimicrobials arise from recent cohort studies showing
associations with mortality, necrotizing enterocolitis (NEC), and subsequent infection. In a
report from the Eunice Kennedy Shriver NICHD Neonatal Research Network, multivariable
analysis showed associations between longer initial empirical antibiotic courses and
mortality and morbidities among 4039 extremely low birthweight neonates who survived >5
days, received initial empirical antibiotic treatment, and had sterile cultures through the first
3 postnatal days. The median therapy duration was 5 days (range: 1–36 days), and
approximately one half of neonates received prolonged (≥ 5 days) empirical therapy (center
range: 27%-85%).[6]

A study of 365 neonates (≤32 weeks gestational age and ≤1500 g birth weight) who survived
the first postnatal week without sepsis and NEC also found that duration of initial empirical
antibiotics was an independent risk factor for the composite outcome: late onset sepsis
(LOS), NEC, or death. In the multivariable analysis, odds of the composite outcome were
increased among neonates with ≥ 5 days exposure to empirical antibiotics (odds ratio = 2.55;
95% confidence interval 1.12 – 6.30).[8*]

Internal Expert Panels
Because of the potential harm from unnecessary long courses, the potential for catastrophic
relapse with inadequate treatment, and the potential for emergence of antibiotic resistance in
episodes of overuse, programs for antimicrobial stewardship are emerging.[18*] In nurseries
and NICUs, physicians’ practices vary widely, which provides a rationale for audit and
feedback interventions to understand practice variation and possibly limit variation and track
whether less variation leads to improved outcomes.[19,20] Such programs have successfully
limited vancomycin use in NICUs, but impact of antibiotic stewardship activities on
duration of empirical antibiotics with sterile cultures have not been reported.[21]
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Next steps
Experts concur that antibiotics should be given promptly if there is a possibility of EOS, and
stopped 36–48 hours in an asymptomatic baby if laboratory results are consistently normal,
there is no subsequent clinical evidence of infection, and cultures are all sterile.[12] The
asymptomatic neonate with clinical laboratory results that vary from low levels found in
most normal, asymptomatic, culture negative neonates cause clinicians legitimate concern.
There is no absolute clear consensus on well-informed approaches, mostly due to lack of the
large scale studies needed. [12, 22, 23] We believe that if concerns over abnormal CBC
results persist in a well appearing child with sterile culture, that the CRP, repeated 24 and 48
hours after initiation of empirical antibiotics can be helpful to clinicians in the U.S. making
these decision for thousands of neonates each year.

A large scale cohort study that includes post-discharge monitoring of neonates started on
empirical antibiotics for EOS, with sterile cultures, abnormal CBCs during the first 24
postnatal hours, and were asymptomatic within the first postnatal hours, or never had signs
of infection and had antibiotics stopped would be extremely helpful to clinicians. Such a
study would provide information on prevalence of subsequent infection and likelihood of
relapse or infection emergence relative to laboratory values. The current studies are not
adequate to dictate specific tests at specific times in all situations where empirical antibiotics
have been started, but clinicians have to decide what to do today with available resources.
While we await more comprehensive data and better diagnostic tests we offer suggestions
for duration of empirical antibiotics once they are started for risk factors such as
chorioamnionitis, as suggested by CDC and COFN, [5,12] and premature neonates born to a
woman with risk factors, as recommended by COFN [12,23*]

Conclusion
We acknowledge the limitations in the evidence to guide decisions regarding duration of
empirical antibiotics for EOS for every situation. We also acknowledge that clinicians have
to make these decisions daily, and we offer suggestions for approaches to term and near
term neonates who were started on empirical antibiotics to treat EOS, and whose cultures are
sterile at 48 postnatal hours.

Term/late preterm neonate on empirical antibiotics for EOS plus sterile cultures at 48
postnatal hours and:

1. Clinical signs of infection that persisted over 24 hours: 7 days

2. Clinical signs initially absent, but became apparent after first postnatal hour and
persisted more than 24 hours: 7 days

3. Labs drawn for risk factors, clinical signs absent, initial (4 postnatal hours)
laboratory CBC normal: 48 hours

4. Labs drawn for risk factors, clinical signs transient (resolved by 8 hours), initial
CBC abnormal: obtain CRP at 24 and 48 hours. If CRPs are low, clinical exam
stays normal, stop antibiotics at 48 hours.
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Abbreviations

AAP American Academy of Pediatrics

CBC Complete Blood Count

CDC Centers for Disease Control and Prevention

CSF Cerebrospinal fluid

COFN Committee on Fetus and Newborn

dL deciliter

EOS Early onset sepsis

GBS Group B Streptococcus

I:T ratio Immature:Total neutrophil ratio

L Liter

mg milligrams

mL Milliliter

NEC necrotizing enterocolitis

NICU Neonatal intensive care unit
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Key Points

1. CDC and AAP Guidelines have significantly reduced GBS EOS; but large
numbers of mothers and uninfected neonates receive antibiotics.

2. Evidence for risk from prolonged antibiotics when cultures are sterile, and
ongoing concerns of antibiotic resistance stimulate development of strategies to
safely minimize antibiotic exposure in neonates.

3. Use of currently available diagnostic tests, particularly CRP, at 24 and 48 hours
after initiation of empirical antibiotics for EOS can help in decisions regarding
duration.
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