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Abbreviations
BW: Birth weight

ELBW: Extremely low birth weight

EOS: Early-onset sepsis

LOS: Late-onset sepsis

NEC: Necrotizing enterocolitis

NICU: Neonatal Intensive Care Unit

NPV: Negative predictive value

NRN: NICHD Neonatal Network

VLBW: Very low birth weight

VON: Vermont Oxford Network

WBC: White blood count

Introduction
 Overuse of antibiotics has been described in veterinary, adult and 
pediatric medicine. NICU’s are not exempt from this problem. There 
have been both long and short-term associations found with antibiotic 
exposure in infancy, likely influenced by the alteration in the neonatal 
microbiome [2]. Long-term associations include an increase in child-
hood obesity [3], early wheezing [4], asthma [5], inflammatory bowel 
disease [6], renal injury and ototoxicity [7]. Short-term associations 
include an increased risk of necrotizing enterocolitis [8], bronchopul-
monary dysplasia [9], death [10] and LOS, both in preterm [11] and 
term [12] infants.

 Attempts to decrease antibiotic exposure in neonates are com-
plicated by guidelines that recommend treating selected infants de-
spite negative blood cultures if labs are abnormal [13]. Furthermore 
the conundrum of “culture-negative” or “presumed” sepsis continues 
to complicate the issue of which babies should be treated with a full 
course of antibiotics, which is arbitrarily defined, even though blood 
cultures remain negative. Hundreds of studies have attempted to  
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Abstract
Background

 A key component of “choosing wisely in neonates” is the discon-
tinuation of unnecessary antibiotic therapy [1]. Early and prolonged 
exposure to antibiotics in the Newborn Intensive Care Unit (NICU) 
has been associated with significant mortality and morbidities, par-
ticularly an increase in Late-Onset Sepsis (LOS). We implemented 
an early-onset rule-out protocol that allowed for discontinuation of 
antibiotics after 24 hours.

Methods

 Beginning in April 2012, if two blood counts, 12 hours apart were 
normal and blood cultures were negative at age 24 hours, antibiotics 
were discontinued. For the next three years, all infants started on 
antibiotics on the day of birth were monitored for rates of Early-Onset 
Sepsis (EOS), LOS and Necrotizing Entero-Colitis (NEC).

Results

 Of 1243 newborns, 741 (59.6%) had their antibiotics discontin-
ued after 24 hours, resulting in 2223 fewer doses of antibiotics. LOS 
was 6.1%, significantly lower than NICHD Neonatal Network (NRN) 
LOS (24.6%), Vermont Oxford Network (VON) (13.6%) (2009-2015) 
and a literature survey rate (18%) (all P < 0.001).

Conclusions

 When it is necessary to rule out sepsis at birth, it is feasible 
and safe to discontinue antibiotics within 24 hours in select infants. 
These results comply with JCAH antibiotic stewardship because of 
reduced antibiotic therapy, less LOS and reduced costs.
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clarify the utility of various laboratory tests to predict which newborns 
are infected. All of these tests have shown poor specificity and positive 
predictive value. The goal of our study was to assess the potential of 
laboratory tests to predict the non-infected infant.

 In 2012 we reported on a retrospective review of two decades of 
data examining the  Negative Predictive Value (NPV) and sensitivi-
ty of two White Blood Counts (WBC) and differentials obtained ~12 
hours apart along with a blood culture result at 24 hours of age in 
predicting sepsis outcome among newborns evaluated for sepsis and 
begun on antibiotics [14]. All infants with either culture-proven infec-
tion or “presumed, clinical sepsis” had either a positive blood culture 
or abnormal blood count. The NPV and sensitivity were 100%. During 
those two decades approximately 50% of babies had two normal WBC 
and differentials (WBC between 6000 and 30,000 and a band:neutro-
phil ratio < 20%) [14] along with a negative blood culture at 24 hours 
of age, suggesting that discontinuation of antibiotics after 24 hours of 
coverage may be a feasible alternative in selected infants.

 We prospectively examined the impact of discontinuing antibiot-
ics at 24 hours using these criteria. We further wished to determine if 
early (after 24 hour coverage) discontinuation of antibiotics in infants 
ruled out for sepsis at birth was feasible for infants admitted to our 
NICU. We also assessed the impact on LOS in a NICU setting that 
minimizes or avoids multiple factors that have been associated with an 
increased risk of LOS (including early steroids, prolonged antibiotics, 
antacids, etc) as compared to published literature.

Methods
 The NICU at the University of Massachusetts Medical Center is 
the only level 3 NICU serving central Massachusetts. We have be-
tween 600 to 700 admissions per year, of whom 100 to 120 are VLBW. 
Approximately 35 to 40 infants admitted yearly are < 28 weeks gesta-
tional age. All services are provided in our NICU with the exception 
of Extracorporeal Membrane Oxygenation (ECMO) and complex 
congenital heart surgery. We are a teaching institution with Neonatal 
fellows and residents. The average daily census is between 45 and 55 
infants.

 Prior to April, 2012, infants admitted to our NICU were begun 
on antibiotics (Ampicillin q 12 hours and Gentamicin q 24-48 hours 
depending on gestational age) if they met specific criteria, including: 
(i) Less than 35 weeks gestational age (unless delivered for maternal 
indications without labor or rupture of membranes, for example, a ce-
sarean section for worsening preeclampsia). (ii) Two or more major 
risk factors including prolonged rupture of membranes ≥ 18 hours, 
premature labor and/or maternal fever (if thought to be associated 
with chorioamnionitis). (iii) Symptoms including respiratory distress, 
hypoglycemia, hypotension and/or clinical instability. Antibiotics are 
discontinued at 48 to 72 hours if: (i) WBC at birth and at ~12 hours 
of age are normal (total and differential) and blood culture is negative. 
(ii) Initial WBC (one or both) are abnormal but normalize on subse-
quent screens and (iii) WBC are persistently abnormal (leukocytosis 
and/or abnormal differential) but CRP is normal at ~72 hours of age 
(< 10 mg/L). If the initial WBC exhibited leukopenia (in absence of 
maternal preeclampsia/hypertension) and an abnormal differential, 
the antibiotics were usually continued for a 7 day course for presumed 
sepsis. Infants were not continued on antibiotics past 48 to 72 hours 
for symptoms alone if the above criteria were met for discontinuation 
of antibiotics.

 In April of 2012, we commenced a pilot quality improvement proj-
ect prospectively evaluating all infants admitted and ruled-out for sep-
sis. A blood culture and two complete blood counts were drawn with-
in 12 hours. We revised our early-onset protocol to include the option 
to discontinue antibiotics after 24 hours of coverage if the culture was 
negative and blood counts normal. We prospectively followed all ba-
bies admitted to our NICU to assess whether this approach continued 
to prove to be applicable and safe, as well as monitor for outcomes 
during the NICU stay. Particular attention was paid to LOS as, in ad-
dition to the above protocol, overall antibiotic use in our unit is de-
creased to that described in the neonatal literature. If associated with 
less alteration in the newborn microbiome, this may contribute to a 
decrease risk of late infections.

 All infants were followed prospectively through March, 2015. For 
safety purposes outcomes were analyzed every 6 months. Data col-
lected included number of infants with antibiotics discontinued after 
24 hours of coverage, and those who required a longer duration of 
antibiotics. We recorded the number of infants with EOS, “presumed” 
or “culture-negative” sepsis, LOS, mortality and incidence of NEC. We 
compared our infection outcomes to those of the NICHD NNR pub-
lished in 2015 [15], VON rates from 2009-2015 [16] and to LOS rates 
obtained from a survey of recent neonatal literature (Appendix).

 Data Analysis: For our cohort, as well as the NICHD data, we 
calculated proportions and their associated 95% Confidence Interval 
(95% CI). These proportions were further stratified over gestational 
age and birth weight. P values were obtained by simple Z tests for dif-
ferences between proportions.

 The study was approved by the University of Massachusetts Medi-
cal School Institutional Review Board.

Results
 Over the 3 year study period, a total of 1243 newborns were ad-
mitted to our NICU and evaluated/treated to rule-out EOS (Table 1). 
This represents 63% of all admissions to our NICU. Antibiotics were 
discontinued after 3 doses (24 hours of coverage) in 741 (59.6%) and 
continued for a minimum of 48-72 hours of coverage in 502 (40.4%). 
The latter group received on average 5.9 doses of antibiotics. Antibi-
otics were not discontinued after 24 hours because of 1 or 2 abnormal 
WBC/differential counts.

 There were 11 cases of documented early-onset sepsis (0.7%) (E 
coli (3), Group B Strep (3), Strep Viridans (2), other (3)) and 23 cas-
es (1.8%) of “culture-negative” or “presumed” sepsis. The latter group  

24 hours 48+ hours % 24 hours

≤ 750 g 10/53 43/53 18.9%
[10.6 to 31.4]

751-1000 g 23/68 45/68 33.8%
[23.7 to 45.7]

1001-1250 g 35/86 51/86 40.1%
[30.9 to 51.3]

1251-1500 g 62/102 40/102 60.8%
[51.1 to 69.7]

> 1500 g 611/934 323/934 65.4%
[62.3 to 68.4]

Table 1: Number of  Worcester Memorial Hospital babies whose antibiotics were 
discontinued at 24 and 48 hours, according to their birth weight. Labels represent 
the percentage of  babies whose antibiotics were discontinued at 24 hours, with its 
associated 95% confidence interval.
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received one week of antibiotics due to persistently abnormal WBC/
differential counts along with an abnormal CRP (> 10 mg/L) at ~72 
hours of age. The majority of the remaining 468 newborns had their 
antibiotics discontinued at 48-72 hours with a few infants receiving 
72-96 hours of therapy.

 The likelihood of antibiotics being discontinued after 3 doses in-
creased with increasing birth weight (Table 1). Infants > 1500 grams 
BW had a 3.7 times greater likelihood of early discontinuation of 
antibiotics compared to infants ≤ 750 grams. Approximately 27% of 
ELBW infants (< 1000 grams BW) and 52% of VLBW (1000-1500 
grams BW) met criteria for antibiotic discontinuation after 3 doses.

 There was no significant difference between the 24 hour coverage 
group and the 48+ hour group in the incidence of LOS or NEC (≥ 2A). 
There were also no significant differences between groups in number 
of ELBW or VLBW infants on > 5 total days of antibiotics during the 
hospital stay (Table 2).

 The early discontinuation group received 2223 fewer doses of an-
tibiotics over the 3 year study period. The incidence of LOS in the 
literature review (primarily 2010 through 2016) of 52 studies compro-
mising 501,578 infants (mean 18%; range 11.5-82%, median 27.6%) 
(Appendix), the 2013 NICHD study (mean 24.4%) (Figures 1 & 2) and 
the VON rate (mean 13.6%) were all significantly greater than the in-
cidence in our NICU (mean 6.1%). This was true across all gestational 
ages and birth weights.

 Multiple measurements of antibiotic stewardship also measured 
significantly different in our NICU as compared to the literature  
(Table 3). This included random day assays of the number of patients 
on antibiotics, ≥5 initial days on antibiotics for both ELBW & VLBW 
infants and total days on antibiotics during the hospitalization for in-
fants < 1500 grams.

Discussion

 Our current prospective quality improvement protocol suggests 
that discontinuation of antibiotics after 24 hours of coverage in new-
borns having sepsis ruled out in the first 24 hours of age is possible in 
the majority of these infants. In the 3 year period of our study, this re-
sulted in a savings of over 2200 doses of antibiotics. This has potential 
benefits of decreasing IV needs, reducing medication errors, lessening 
painful procedures and decreasing the impact of antibiotics on the in-
testinal microbiome [2].

 Exposure to antibiotics in the newborn period has been associated 
with profound effects on intestinal bacteria. Turcu [17] demonstrat-
ed the early exposure to antibiotics was associated with a decrease in 
stool diversity scores. A recent study in ELBW evaluated 6 week biodi-
versity scores and found they were inversely correlated to duration of 
antibiotic exposure [18]. Johnson [19] found that complete recovery 
of initial bacterial composition was rarely achieved after initial alter-
ation due to antibiotic treatment.

 Multiple recent studies supported an association between pro-
longed initial antibiotic exposure in neonates and late-onset sepsis. 
[10,12,20]. This broad exposure to antibiotics occurs both in the 
immediate newborn period as well as during hospitalization in the 
NICU. In a survey of over 5500 ELBW infants, Cotton found that 53% 
received ≥ 5 days of initial antibiotics despite negative cultures [10]. 
Kuppala found similar results in 36% of VLBW infants [19]. Approx-
imately 93% of a cohort of 124 babies with NEC and 248 controls re-
ceived over 5 days of antibiotics during their hospital stay [8]. Finally 
a survey of 29 NICU’s on two random days found that 43.3% of infants 
were on antibiotics with 18.8% on 3 or more drugs at the time of the 
survey [21]. All of these studies found that the majority of drug use 
was empiric rather than therapeutic.

 Multiple factors have been associated with an increase in the risk 
of LOS in neonates, including: (i) the use of broad spectrum antibiot-
ics [22], (ii) early corticosteroid exposure [23], (iii) use of H2 recep-
tor antagonists [24], and (iv) the presence of indwelling intravascular 
catheters [25]. Our unit minimizes the empiric use of Cephalosporins 
and Vancomycin, does not use corticosteroids before 4 weeks of age 
for blood pressure support or for lung disease, rarely uses H2 recep-
tor antagonists and removes umbilical catheters usually in less than 5 
days, likely contributing to the low rate of LOS we report.

 Our incidence of LOS in the highest risk infants (500-1500 grams, 
23-32 weeks) is 2.1 to 13.3 times less than comparable newborns in 
the NRN [15] and approximately 4.9 times less than in the literature 
survey (Appendix) which included NICU’s in countries with well-de-
veloped medical systems (U.S., Canada, United Kingdom, Australia, 
etc) and a minimum of 100 subjects enrolled. Both multicenter and 
single center studies were included.

 What complicates the initial attempt to determine which babies 
to evaluate for sepsis, whom to treat and how long to treat is a lack 
of evidence-based guidelines. Recommendations are available from 
both the Red Book [26] and the Committee on Fetus and Newborn 
(COFN) [13] but there are some areas of conflicts and lack of clarity  

24 hours 48+ hours Total

LOS ≤ 1500 g 7/130
5.4% [2.6 to 10.7]

12/182
6.6% [3.8 to 11.2]

19/312
6.1% [3.9 to 9.3]

LOS ≤ 32 weeks 7/103
6.8% [3.3 to 13.4]

12/191
6.3% [3.6 to 10.7]

19/294
6.5% [4.2 to 9.9]

NEC (≥ 2A)VLBW 13/130
10.0% [4.8 to 13.4]

17/182
9.3% [5.9 to 14.5]

30/312
9.6% [6.8 to 13.4]

≤ 1000 g
>5 days antibiotics (total)

16/33
48.5% [3.3 to 6.5]

47/88
53.4% [43.1 to 63.5]

63/121
52% [43.2 to 60.1]

1001-1500 g
> 5 days antibiotics (total)

12/97
12.4% [7.2 to 20.4]

17/91
18.7% [11.6 to 27.1]

29/188
15.4% [10.8 to 21.0]

Table 2: Incidence of  Late-Onset Sepsis (LOS) and Necrotizing Enterocolitis (NEC) at Worcester Memorial Hospital according to duration of  antibiotic therapy, and > 5 days 
total antibiotic exposure.
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on the approach to the “culture-negative” conundrum. The Red Book 
offers no recommendations on the approach to these infants while 
COFN has issued varying guidelines, initially recommending treat-
ing all babies with a prolonged course of antibiotics if the mother had 
chorioamnionitis, the infant was well, had negative blood cultures  

but an abnormal screening lab such as a WBC or CRP [27]. This was 
modified to not treating term infants with the above scenario but no 
change in the recommendation for preterm infants [28]. As our data 
show, 58% of infants < 1500 grams will have an abnormal WBC thus 
resulting in a large number of newborns receiving prolonged antibi-
otics despite negative cultures if these recommendations are followed.

 Rather than relying on laboratory tests with poor positive predic-
tive value and specificity, we chose to try and assess the sensitivity and 
negative predictive value of serial WBC and a baseline culture to try 
and predict non-infected babies allowing for earlier discontinuation 
of antibiotics in a select population. Of the 1243 babies ruled out for 
sepsis in our NICU, 97.7% were free of sepsis and received either a 
24 hour coverage period or ~48-72 hour coverage. We have now had 
over a quarter of a century of 100% sensitivity/NPV in our unit using 
the previously described guidelines for serial WBC’s and blood cul-
tures [14]. The ability to discontinue antibiotics in almost 60% of our 
infants after 3 doses combined with a minimizing of the diagnosis of 
“culture-negative” sepsis has allowed for decreased overall antibiotic 
exposure in our NICU. If extrapolated to the U.S., if approximately 
500,000 newborns receive antibiotics at birth, close to 1 million doses 
of antibiotics would not need to be administered if these guidelines 
were applicable. Indeed a report from the Pediatrix group indicated a 
cost savings in excess of $20 million by reducing antibiotic adminis-
tration to three days for “rule-out” sepsis. Extrapolating on a national 
basis the savings would be substantial [29].

 No differences were found in the incidence of LOS between our 
two groups. This is likely due to both groups being exposed to what 
are considered short courses of antibiotics (3 vs. 5.9 doses). In order to 
find if this minimal decrease in dosing has a clinical effect, it is likely 
that many thousands of infants would need to be studied.

 The limitations in this study include the uncertainty of extrap-
olating data from a single NICU to other units. Also, many NICU’s 
continue antibiotics for > 48-72 hours based on symptoms and/or risk 
factors. It would require a change in practice management to adopt a 
24 hour rule out when many infants with negative laboratory evalua-
tions are continued on antibiotics.

Conclusion
i. Newborns with 2 normal WBC and a negative blood culture in 

our NICU have been shown over > 25 years to be free from infec-
tion (14). Discontinuation of antibiotics after 24 hours of coverage 
appears to be feasible with many likely advantages (decreased po-
tential for drug errors, decrease in IV placements, decrease costs, 
potential for earlier discharge, less time separated from parents).

ii. No difference was demonstrated between the early discontinuation 
and the standard sepsis rule-out groups, though fewer ELBW and 
VLBW infants were exposed to > 5 total days of antibiotics in the 
early group.

iii. Earlier studies finding an association between prolonged antibiotic 
exposure (doses and days) and LOS would appear to be supported 
by our data.

iv. Antimicrobial Stewardship (AMS), is a set of coordinated strate-
gies to improve the use of antimicrobial medications with the goal 
to enhance patient health outcomes, reduce antibiotic resistance  
 
 
 

Literature WMH p value

NICU patients on antibiotics random days 43.3% (24) 6.7% < 0.001

ELBW ≥ 5 initial days antibiotics 53% (10) 4.9% < 0.001

VLBW ≥ 5 initial days antibiotics 36% (19) 3.2% < 0.001

ELBW/VLBW > 5 days total antibiotics 
(repeat sepsis rule-outs, NEC, LOS) 93% (8) 29.6% < 0.001

Sepsis evaluations/antibiotics ≥ 35 weeks 8% (28) 3.9% 0.130

Table 3: Various indices of  antibiotic stewardship at Worcester Memorial Hospital 
and overall number of  sepsis evaluations preformed in infants > 35 weeks gestational 
age.

Figure 1: Proportion of  babies with Late Onset Sepsis (LOS) according to gestation-
al age, comparing the National Institute of  Child Health and Human Development 
(NICHD) data to those obtained at the Worcester Memorial Hospital (WMH) be-
tween April 2012 and March 2015.

Figure 2: Proportion of  babies with Late Onset Sepsis (LOS) according to birth 
weight, comparing the National Institute of  Child Health and Human Development 
(NICHD) data to those obtained at the Worcester Memorial Hospital (WMH) be-
tween April 2012 and March 2015.
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and decrease unnecessary costs. It is mandated by the JCAH. This 
study fulfills the criteria for antibiotic stewardship resulting in less 
antibiotic administration, reduced costs and reduced rates of LOS.
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Abbreviations
BPD: Bronchopulmonary Dysplasia 

CMV: Cytomegalovirus

CPR: Cardiopulmonary Resuscitation

Flu: Fluconazole

IVGG: Intravenous Gammaglobulin

Ref  # Year Topic Site Patients Type % LOS

1 2008 Phototherapy US 1974 ELBW 42.5

2 2008 Outcomes US 5258 ELBW 38.3

3 2010 SUPPORT Trial US 1316 <29 wks 36

4 2010 Seizures US 6499 ELBW 38.1

5 2010 NEC/MBM US/Austria 207 <1250 g 22.7

6 2010 Outcomes TPN US Hopkins 173 VLBW 15.4

7 2010 Outcomes US VON 6110 ELBW 32.3

8 2010 Humidification US Boston 182 ELBW 26.9

9 2011 IVGG/Sepsis International 3493 VLBW 26.3

10 2012 PDA Outcomes France 137 VLBW 46.5

11 2012 Outcomes North America 305770 VLBW 19.2

12 2012 PDA Outcomes UCSF 385 <29 wks 47.5

13 2012 Outcomes US 1113 ELBW 38.2

14 2012 PDA Outcomes US Florida 105 <1250 g 42.9

15 2013 Probiotics/LOS Australia 1099 VLBW 25

16 2013 NIPPV Trial International 997 ELBW 38.8

17 2013 High Flow NC Australia 303 <32 wks 18.5

18 2013 PDA Treatment Canada 124 <32 wks 27

19 2013 PDA/Feeding US 177 <1250 g 44.5

20 2014 Probiotics Canada 611 <32 wks 18.2

21 2014 Caffeine Pediatrix 54707 VLBW 22.6

22 2014 Risk LOS Germany 5896 VLBW 15

23 2014 IVH Outcomes Australia 1968 <29 wks 37.4

24 2014 Probiotics Germany 5351 VLBW 11.5

25 2014 Flu Prophylaxis US 361 <750 g 58

26 2015 Outcome Singapore 835 <29 wks 24

27 2015 CMV/Breast milk Sweden 129 <29 wks 42.6

28 2015 Outcomes CPR US California 13758 <29 wks 12.7

29 2015 Morphine Rx Australia 223 <1250 g 44.4

30 2015 LOS Detection Israel 118 VLBW 44.1

31 2015 White Matter Injury US UCSF 267 <33 wks 50.2

32 2015 Hydrocortisone US Chicago 139 ELBW 23

33 2015 BM Fortifiers US St Louis 100 VLBW 26

34 2015 Outcomes US 1934 <29 wks 31.6

35 2015 Ventilator outcomes US North Carolina 270 VLBW 21

36 2015 LOS outcomes Canada 7565 <32 wks 15.3

37 2015 PDA & BPD Italy 242 <29 wks 44.6

38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

2015
2015
2015
2015
2015
2015
2016
2016
2016
2016
2016
2016
2016
2016
2016

NIV Strategies
Budesonide/BPD

Outcomes
BPD

Outcomes/SGA
Erythropoietin

Maternal substance abuse
PDA rx > 2 wks age

PDA ligation
LOS workup in VLBW

CMV & VLBW
Cytokine profiles/BPD

Heart rate characteristics
Vitamin D & Extremely Preterm
Survival/Morbidity  < 29 Wks

Italy
Europe
Canada
Canada

US California
Switzerland
US Houston

US Connecticut
Canada Toronto

US Cleveland
US Boston
US NNR

US Virginia
US Alabama
US California

124
856

12179
1030
44561
443
1972
1072
198
279
1080
943
566
100
6009

VLBW
<28 wks
<32 wks
<1250 g
<1500

<32 wks
<37 wks
VLBW

<30 wks
VLBW
VLBW
ELBW
VLBW

< 28 wks
< 29 wks

28.2
32

12.8
18.5
11.5
13.5
16.4
33.5
82

24.9
30.1
41.4
12
29

48.3
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IVH: Intraventricular Hemorrhage

MBM: Maternal Breast Milk

NC: Nasal Cannula

NIPPV: Nasal Intermittent Positive Pressure Ventilation

NIV: Non-Invasive Ventilation

PDA: Patent Ductus Arteriosus

TPN: Total Parenteral Nutrition
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