
Peer Reviewed

NEONATOLOGY TODAY is interested in publishing manuscripts from Neonatologists, 
Fellows, NNPs and those involved in caring for neonates on case studies, research results, 

hospital news, meeting announcements, and other pertinent topics. 
Please submit your manuscript to: LomaLindaPublishingCompany@gmail.com

73NEONATOLOGY TODAYtwww.NeonatologyToday.nettJune 2022

    Mariana Figueiro, PhD

    Robert White, MD

    Bryan Steverson, MA

    Mariana Figueiro, PhD

    David Gadoury, PhD

    Robert Wright, MD, MPH

    John Bullough, PhD

    Bernard Camins, MD

    Commander Christopher Steele, PhD

    Charles Jarboe, MS

    Allison Thayer, MS

    Sofia Axelrod, PhD

Sponsored by LEDVANCE

Sponsored by GE Current

Sponsored by GE Current

Sponsored by GE Current

   Your daily light: How does light impact your health?

   Out of the womb: Lighting up the NICU

   A new kind of lullaby: Robust light/dark pattern for babies

   Hold the coffee: Perking up the office with light

   Skip the nap: Consolidating sleep for older adults

   Fee-fi-fo fungicide: Light as a natural pesticide

   It’s a complicated world out there: Exposomics and light

   Safety first: Making driving less lethal

   Beyond the visible: UV disinfection 

   Let’s get deep: Lighting in submarines

   Equal lights: Projects focused on health equity

   Not your typical design: Circadian-effective lighting

 Contact Randy Reid at randy@nlb.org
Sponsor this topic20

22
 S

ER
IE

S

In cooperation with the Mount Sinai Light and Health
Research Center (LHRC), the National Lighting Bureau (NLB) presents:

Join a monthly Q&A following interviews with experts in light and health
Hosted by Randy Reid of the NLB; produced by Allison Thayer of the LHRC
Last Monday of each month at 12:00 PM, ET

Let’s Talk About Light and Health

Sponsor a topic
Contact Randy Reid at randy@nlb.org

Register today
https://lightandhealth.eventbrite.com

Mark Baker MD, Laura Castro, MD, Julianna Diddle MD, Pa-
tricia Johnson DNP, MPH, APRN, NNP, Bikash Bhattarai PhD, 
Christine Wade, BSN, RN, Becky Micetic, BSN, RN, Kartik 
Mody, MD
Abstract:

Background: Neonatal sepsis is a serious condition caused 
largely by group B Streptococcus (GBS), Escherichia coli (E. 
Coli), and Listeria monocytogenes. Prenatal screenings have de-
creased the incidence of GBS infections; however, it remains a 
leading cause of early-onset sepsis (EOS). Gram-positive organ-
isms are often the cause of late-onset sepsis (LOS). While EOS 
is usually attributed to vertical transmission from mother to infant, 
LOS is secondary to pathogen exposure during delivery or hospi-
talization. We sought to identify the prevalent organisms in posi-
tive blood cultures in our NICU.

Methods: A retrospective chart review was completed from July 
2009 to December 2019. If an organism was identified, a positive 
culture was included, and five or more days of antibiotics were 
administered. Infection occurring in the first three days of life was 
considered EOS, while LOS was any time after. Variables were 
evaluated using Fisher’s exact and Wilcoxon rank-sum tests.

Results: Over ten years, there were 89 positive blood cultures. 
Of these, 28% of the cases were EOS, and 72% were LOS. In-
terestingly, the median birth weight for infants with EOS was sig-
nificantly larger at 1810g compared to 1021g for LOS (P=0.004). 
The median gestational age for EOS cases was 31 5/7 weeks 
compared to 27 2/7 weeks for LOS (P=0.086). 

Conclusions: Approximately half of EOS-causing organisms 
were GBS or E.Coli. Coagulase-negative staphylococcus and 
methicillin-susceptible Staphylococcus aureus were most preva-
lent in LOS. 

Abbreviations

CoNS  Coagulase-Negative Staphylococcus

DOL  Day of Life

EOS  Early Onset Sepsis

E. Coli   Escherichia coli

GA  Gestational Age

GBS   Group B Streptococcus

LOS  Late-Onset Sepsis

MRSA  Methicillin-Resistant Staphylococcus aureus

MSSA  Methicillin-Susceptible Staphylococcus aureus

Main points:

A ten-year review of sepsis in infants in NICU with positive cul-
tures confirmed that over half of early-onset sepsis cases con-
tained GBS and E.Coli. CoNS and MSSA were most prevalent in 
late-onset sepsis.
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Introduction: 

Neonatal sepsis is a serious threat affecting the health and sur-
vival of infants worldwide. It occurs in 1-50 per 1000 live births and 
causes 3-30% of infant and child deaths yearly. (1) In the United 
States of America, the incidence of neonatal sepsis is 0.77-1.0 
cases per 1000 live births but rises to a rate of 8-26 cases per 
1000 live births for infants between 1000-1500 grams (g). (2) Re-
search has consistently shown a strong inverse relationship be-
tween gestational age (GA) and the incidence of sepsis. (3-7)

“ Neonatal sepsis cases are categorized 
as early-onset sepsis (EOS) occurring 
within the first 72 hours of life or late-onset 
sepsis (LOS) developing after 72 hours with 
pathogens transmitted from the mother’s 
genitourinary system before, during, or 
shortly after birth as the usual the cause. (1-
3,8-9)"

A Decade of Sepsis Cases in a Level III Neonatal Intensive 
Care Unit: An Observational Study

“Approximately half of EOS-causing 
organisms were GBS or E.Coli. Coagulase-
negative staphylococcus and methicillin-
susceptible Staphylococcus aureus were 
most prevalent in LOS.”
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Neonatal sepsis cases are categorized as early-onset sepsis 
(EOS) occurring within the first 72 hours of life or late-onset sep-
sis (LOS) developing after 72 hours with pathogens transmitted 
from the mother’s genitourinary system before, during, or shortly 
after birth as the usual the cause. (1-3,8-9) Risk factors include 
antenatal antibiotics, maternal chorioamnionitis, multiple pregnan-
cies, maternal Group B Streptococcus (GBS) colonization, ma-
ternal urinary tract infection, delivery before 37 weeks GA, pro-
longed maternal rupture of membranes (greater than 18 hours), 
low 5-minute APGAR score, and those requiring ventilation on the 
first day of life (DOL). (2,4,8) Escherichia coli (E. coli) and GBS 
are consistently the leading causes of EOS in the United States, 
with a prevalence of 29-37% and 18-43%, respectively. (2,4,8-11 
)This trend holds for most developed countries worldwide. (12-
18) Among infants infected with GBS, about one-quarter progress 
in developing meningitis requiring prolonged antibiotic treatment 
and hospitalization with increasing chances of morbidity. (19-20) 
Other less common EOS organisms include Listeria monocyto-
genes; other strains of streptococcus (pyogenes, viridans, pneu-
moniae); enterococci, staphylococci, and non-typeable Haemoph-
ilus influenzae. (2,4,8)

Late-onset sepsis (LOS) occurs after 72 hours of life and is usu-
ally caused by pathogens in the surrounding environment, often 
transmitted to the infant by parents or health care workers. (1,2,8) 
The risk factors include premature birth, being small for GA, ante-
natal antibiotic use, delivery via Cesarean section, prolonged use 
of invasive interventions, breakage in skin or mucosa, prolonged 
total parenteral nutrition dependence, delayed initiation of breast-
milk feeding, surgery, cardiac/pulmonary abnormalities, necrotiz-
ing enterocolitis, H2-receptor blockage or proton pump inhibitor, 
and/or prolonged antibiotic use. (1,3,8,21) Coagulase-negative 
staphylococcus (CoNS) is the most common LOS pathogen in the 
United States of America, with other developed countries present-
ing similar results. (4,6,12-13,22-29)

Interestingly, each NICU has its microbiome, and specific patho-
gens are common as the cause of sepsis at each site. (5) The 
objective of our study was to identify the most prevalent types of 
organisms in blood cultures for both EOS and LOS in our NICU 
over ten years.

Methods: 

Data were collected retrospectively from Valleywise Health Medi-
cal Center (formally known as Maricopa Medical Center), a 40-
bed level III community NICU in Phoenix, Arizona, from July 2009 
through December 2019. Researchers collected data on positive 
blood cultures using the Epic Electronic Health Record system 

(Epic Systems Corporation, Verona, WI).  In the event of CoNS 
bacteremia, or another suspected contaminant, at least one posi-
tive blood culture and a full antibiotic treatment course with a clini-
cal picture consistent with sepsis needed to be included. If there 
was a positive blood culture and it was not treated with antibiotics 
due to the absence of clinical sepsis, this was considered a con-
taminant and excluded. Infections were categorized as EOS if the 
septic workup occurred within the first three days of life, while LOS 
was defined as a sepsis workup initiated at DOL four or greater.

Statistical analysis included the association between categorical 
variables of EOS and LOS utilizing Fisher’s exact tests. The differ-
ences in continuous variables were examined using the Wilcoxon 
rank-sum test. Human protection oversight was provided by the 
Maricopa Health Institutional Review Board, later known as Val-
leywise Health Institutional Review Board.

Results: 

Over ten years,  89 blood cultures were positive. The infants with 
positive septic workups were 54% female (n=48), had a median 
GA of  28 1/7 weeks (22 5/7- 41 6/7), and median birth weight of 
1155g (486-4240g). The median initiation of antibiotic treatment 
was at DOL 0 (0-292) with a median duration of 12 days (0-47) 
(Tables 1 & 2). 

The most common pathogens were CoNS (23.6% of total positive 
cultures, n=21), methicillin-susceptible staphylococcus aureus 
(MSSA) (20.3%, n= 13), E coli (13.5%, n=12), GBS (10.1%, n=9), 
enterococcus faecalis (9.0%, n=8), and klebsiella pneumoniae 
(7.9%, n=7). No other organism was isolated more than four times 
(Table 3).

Of the 89 total positive blood cultures, 28% were considered EOS 
(n=25) while 72% were LOS (n=64). Gender, GA, mode of deliv-
ery, and mortality were not significantly different between EOS 
and LOS infants (Table 1). On average, EOS infants were some-
what smaller, with a median birth weight of 1810 g, while LOS 
infants had a median birth weight of 1021g (P=0.004). Infants with 
EOS also received a slightly shorter course of antibiotics, with a 
median duration of 11.0 days, compared to a median duration of 
12.5 days for LOS infants (P=0.045). As expected, antibiotic treat-
ment was initiated at a significantly younger age for EOS and the 
median initial treatment day was 0 with a mean of 0.14, while the 
median and mean initial treatment day of LOS infants was 6, with 
a mean of 22.4 (P<0.0001). 

“Interestingly, each NICU has its 
microbiome, and specific pathogens are 
common as the cause of sepsis at each site. 
(5) The objective of our study was to identify 
the most prevalent types of organisms in 
blood cultures for both EOS and LOS in our 
NICU over ten years.”

Table 1. Gender, Mode of Delivery, and Mortality
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There were 25 cases of EOS that were culture positive with a sin-
gle pathogen, and there were no blood cultures positive for mul-
tiple species of bacteria. The most common being GBS (28%, n=7 
) and E. coli (24%, n=6). (Table 3) Late-onset sepsis accounted 

for 64 total cases of positive culture results, with 72 pathogens 
isolated, with the most prevalent as follows: CoNS (26.4%, n=19), 
MSSA (18.1%, n=13), E. coli (8.3%, n=6), Enterococcus faecalis 
(8.3%, n=6), and Klebsiella pneumonia (8.3%, n=6). There were 
three cultures containing coagulase-positive staphylococcus; 
however, the exact speciation was not recorded in the medical 
record. Eight blood cultures were positive for two different micro-
organisms with CoNS. No other pathogen was isolated more than 
two times. Only one blood culture was confirmed to have methi-
cillin-resistant Staphylococcus aureus (MRSA), and another was 
positive for nonspecific gram-positive cocci in clusters.

Two separate pathogens were present in eight of the LOS blood 
cultures. (Table 3) Of these, two blood cultures were positive for 
both MSSA and an unspecified coagulase-positive staphylococ-
cus aureus, and it is unclear whether it represented MSSA or 
MRSA. During some septic workups, cultures were obtained from 
other sites. Interestingly, only two infants with EOS  had a positive 
blood culture and a positive culture from another site of a different 
pathogen, one of which had E. coli in the blood and a urine culture 
positive for cytomegalovirus, and the other, with Haemophilus in-
fluenzae in the blood and cerebrospinal fluid positive for herpes 
simplex virus. All remaining positive cultures from sites other than 
blood were in cases of LOS (n=21) (Table 4).

Discussion: 

Data collected over a ten-year duration showed that GBS was the 
most commonly occurring EOS organism, followed by E. coli. Of 
note, none of the infants’ mothers received prophylactic antibiot-
ics in all four cases of GBS sepsis. Since the initiation of GBS 
screening in the 1990s, the incidence has decreased by 70-80% 
in the United States of America, with a similar decline in other 

Table 2. Gestational Age, Birthweight, Duration, and Initiation of Treatment

Table 3. Pathogens Present in Blood Cultures

“Data collected over a ten-year duration 
showed that GBS was the most commonly 
occurring EOS organism, followed by E. 
coli. Of note, none of the infants’ mothers 
received prophylactic antibiotics in all four 
cases of GBS sepsis.”
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developed countries. (1,8) Despite this, it continues to be a lead-
ing cause of EOS in the United States of America and most other 
industrialized countries, and our findings are consistent with this 
previous research. Stoll et al. collected data from 16 large NICUs 
across the country from 2006 to 2009 and found that GBS was 
the most common offending pathogen in 43% of cases, followed 
by E. coli in 29% of cases. (10) Simonsen et al. reported at the 
North American Active Bacterial Surveillance Program from 2005 
to 2008 that 33.7% of positive cultures isolated GBS, while 21.5% 
isolated E. coli. (2) Other studies have shown E. coli as the most 
prevalent NICU pathogen for EOS. Drs. Mukhopadhyay and Puo-
polo retrospectively reviewed 25 years of blood cultures at Bos-
ton’s Brigham Women and Children’s NICU from 1990 to 2015 
and found 36.7% of positive EOS blood cultures, with GBS being 
only 20.2% of positive cultures. (11) Bizarro et al.  (22) from the 
Yale University NICU reviewed data from 2004 to 2013 and found 
E. coli to account for 45% of EOS and GBS to be only 36%. Hornik 
et al.  (4) reviewed data from 313 NICUs across North America 
and estimated E. coli to be the most common EOS pathogen at 
33.4%, followed by GBS at 21.5% (although this was limited to 
infants <1500g). In all of these studies, GBS was the second-most 
common EOS pathogen, similar to our study’s results. Besides 
E. coli, only two cases of other Gram-negative EOS were identi-
fied over ten years in our NICU: Klebsiella pneumoniae and Hae-
mophilus influenzae.

Although Listeria monocytogenes was historically a common 
cause of neonatal sepsis, its prevalence remains relatively low 
at 2-13 per 100,000 live births in the United States of America 
and Europe. (2) Our NICU isolated only a single case of Listeria 

monocytogenes over ten years, consistent with previous studies. 
One meta-analysis from six hospital systems across the United 
States over six years did not find a single case of neonatal Listeria 
bacteremia in181 positive blood cultures. (30)

For ten years, CoNS was the most common pathogen of LOS, 
followed by staphylococcus aureus. This agrees with many oth-
er studies conducted throughout the United States of America. 
(4,6,21,22) Coagulase-negative staphylococcus is also the most-
commonly isolated LOS pathogen throughout the developed and 
developing world. (22-29,31-35 )The CoNS organism is not as vir-
ulent as many other types of bacteria, but it commonly colonizes 
human skin, mucous membranes, and artificial surfaces, forming 
an adhesive biofilm resistant to antibiotics and the immune sys-
tem. (3,8) There is some difficulty in comparisons as most studies 
have unique definitions of contamination versus infection. Studies 
have also reported that efforts to implement improved hand hy-
giene and sterile technique with central lines can decrease late-
onset CoNS infection rates.

Gram-negative LOS was more common in our NICU than gram-
negative EOS (outside of E. coli bacteremia). However, they re-
mained in the minority of bacteremia cases, and many specific 
Gram-negative species were isolated only once. Although our 
study did have a sizable number of cases of Gram-negative sep-
sis, even those not caused by E. coli, our LOS sepsis results were 
consistent with most studies. 

Conclusions: 

In our study, the most common cause of EOS was E. coli, fol-
lowed by GBS and ɑ-hemolytic streptococcus. This is in agree-
ment with most NICU sepsis research. The most common cause 
of LOS was CoNS, which is consistent with most studies across 
the world, among all regions, races, and incomes. 

This study’s strengths include a ten-year data collection period at 
a single medical center that serves a diverse population in one 
of the largest metropolitan areas in the United States of America. 
As this study was retrospective, its strength was in capturing the 
standard care practices occurring in the unit; however, this also 
may be seen as a limitation as to the decision of when to initiate 

Table 4. Pathogens Present in Non-Blood Cultures

“For ten years, CoNS was the most 
common pathogen of LOS, followed by 
staphylococcus aureus. This agrees with 
many other studies conducted throughout 
the United States of America. (4,6,21,22)”

“In our study, the most common cause 
of EOS was E. coli, followed by GBS 
and ɑ-hemolytic streptococcus. This 
is in agreement with most NICU sepsis 
research.”
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a sepsis workup could have varied between providers in addition 
to the antimicrobials used in the event of positive blood culture.

Limitations of this study are the relatively small sample size, its ex-
ecution at a single medical center that may not be representative 
of other NICUs, and that we did not focus on the effect that race 
and/or ethnicity may have played at our institution. A large-scale 
prospective study would be helpful to evaluate these findings fur-
ther and assist with the generalizability to other NICUs.

Support was provided by Valleywise Health Medical Center, Pe-
diatrix Medical Group, and Phoenix Children’s Hospital staff. 
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