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Abstract

Objectives—To evaluate data for the period 2004–2013 to identify changes in demographics, 

pathogens, and outcomes in a single, level IV neonatal intensive care unit (NICU).

Study design—Sepsis episodes were identified prospectively and additional information 

obtained retrospectively from infants with sepsis while in the NICU from 2004–2013. 

Demographics, hospital course, and outcome data were collected and analyzed. Sepsis was 

categorized as early (≤3 days of life) or late-onset (>3 days of life).

Results—Four hundred and fifty two organisms were identified from 410 episodes of sepsis in 

340 infants. Ninety percent of cases were late-onset. Rates of early-onset sepsis remained 

relatively static throughout the study period (0.9 per 1000 live births). The majority (60%) of 

infants with early-onset sepsis were very low birth weight for the first time in decades, and E. coli 

(45%) replaced GBS (36%) as the most common organism associated with early-onset sepsis. 

Rates of late-onset sepsis, particularly due to coagulase-negative staphylococci (CoNS), decreased 

significantly after implementation of several infection prevention initiatives. CoNS was 

responsible for 31% of all cases from 2004–2009 but accounted for no cases of late-onset sepsis 

after 2011.

Conclusions—The epidemiology and microbiology of early- and late-onset sepsis continue to 

change, impacted by targeted infection prevention efforts. We believe the decrease in sepsis 
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indicates that these interventions have been successful, but additional surveillance and strategies 

based on evolving trends are necessary.
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Yale-New Haven Hospital (YNHH) has maintained a continuously-running, single-center 

database of neonatal blood stream infections (BSI), beginning with Ethel Dunham’s case 

series from 1928–1933.1 Since that time, documentation and analyses of evolving center-

specific data have greatly assisted in the formulation of strategies to treat and prevent sepsis 

in the neonatal intensive care unit (NICU) population, and have allowed tracking of the 

emergence and disappearance of certain pathogenic organisms from the NICU landscape.2–6

One example is the rise2–4 and subsequent decline6 of group B Streptococcus (GBS)-related 

early-onset sepsis. The identification and tracking of high rates of GBS early-onset sepsis 

and its significant associated morbidity and mortality resulted in the implementation of 

maternal screening and intrapartum antibiotic prophylaxis in the 1990s.6,7 In our NICU6, in 

Connecticut8, and across the US7, the results of that effort exemplified how a targeted 

intervention could impact neonatal morbidity and mortality dramatically. Even though cases 

of early-onset sepsis declined, late-onset sepsis was increasing at an alarming rate.5,6 From 

1989–2003, 27% of all very low birth weight (VLBW) infants in our NICU suffered at least 

one episode of sepsis and coagulase-negative staphylococci (CoNS) emerged as the 

predominant organisms responsible for late-onset sepsis.6,9 A similar trend was observed by 

Stoll et al on behalf of the Neonatal Research Network, who commented “strategies to 

reduce late infections…are urgently needed” and “successful interventions should improve 

survival, shorten mechanical ventilation and hospital stay, decrease antibiotic usage, and 

reduce the high cost of caring for VLBW infants.”9 Several infection prevention strategies 

were implemented in our NICU during the 2004–2013 study period with these goals in 

mind.

This report details changes in the epidemiology of early- and late-onset sepsis at YNHH 

from 2004–2013 and compares these findings with those observed at our institution from the 

previous 75 years. We also assess the impact of a series of interventions, including an effort 

to reduce central-line associated BSI (CLABSI)10, on the microbiology, rates, and outcomes 

associated with late-onset sepsis in a single, level IV NICU.

METHODS

The 54-bed level IV NICU at YNHH supports a high-risk obstetrical service and is a major 

referral center for fetuses and newborns with complex medical and surgical conditions. 

Positive blood cultures from our NICU were identified prospectively via frequent review of 

medical records and by direct communication with the microbiology lab and infection 

control providers. This study was approved by the Human Investigation Committee of the 

Yale University School of Medicine.
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Any positive blood culture yielding a traditional neonatal pathogen met arbitrary criteria for 

inclusion as a case of neonatal sepsis. Cultures that yielded commensal species (eg CoNS) 

were reviewed using criteria modified from the Centers for Disease Control and 

Prevention.6,11 Prior to 2008, the surveillance definition stated that, in addition to the 

presence of signs and symptoms of infection, CoNS had to be retrieved from at least 2 blood 

cultures or from 1 blood culture after which appropriate antimicrobial therapy was 

administered.11 As of January, 2008, the definition was made more stringent to specify that 

a minimum of 2 positive blood cultures are required to fulfill criteria for a CoNS-related 

BSI.12 In order to maintain consistency in reporting and to allow for comparisons with prior 

study periods, we chose to adhere to the prior definition. Blood cultures that did not fulfill 

these criteria or that yielded organisms believed to be contaminants, including 

Corynebacterium and non-speciated Gram-positive bacilli, were excluded. Multiple positive 

blood cultures from a single infant yielding the same species with identical antibiotic 

susceptibility patterns were considered a single episode of sepsis if the time between 

positive cultures was ≤7 days.

Cases of sepsis were classified according to the infant’s age at the time of the positive blood 

culture as: early-onset (≤ 3 days of life) and late-onset (>3 days) infection. Two 

modifications were made from prior cases series. The category late, late-onset sepsis (>30 

days) was eliminated and the dividing line between early and late-onset was chosen at 3 

instead of 4 days to coincide with current reporting.9,13

Additional data were collected retrospectively from the medical records of infants with a 

positive blood culture(s) obtained while inpatients in the YNHH NICU from January 1, 

2004, through December 31, 2013. Demographics, information related to the hospital 

course, and outcomes were collected and reviewed.

The majority of variables were defined as previously described.6 Sepsis-related death was 

defined as death occurring within 7 days of a positive blood culture(s) or when clinical signs 

and symptoms of sepsis were believed to be, and documented as, the direct cause of death. 

Sepsis-related death was calculated with the numerator representing the number of episodes 

of sepsis resulting in death and the denominator as the total number of episodes of sepsis. In 

the case where an infant had multiple episodes of sepsis, only the last one was included in 

the calculation of mortality and previous episodes were recorded as sepsis with survival. 

Blood cultures were assessed using a fluorescent-detection system for the presence of 

carbon dioxide (Bactec II or 9240®, Becton Dickinson, USA).

Statistical analyses

Univariate comparisons were made using the independent samples student’s t test for 

continuous data and Chi-square or Fisher exact test, if any cell in the analysis contained <5, 

for dichotomous data. A p-value of < 0.05 based on two-sided tests was considered 

statistically significant (SPSS Inc., Chicago, IL).

Trends in infection rates were assessed from 1979 (the first year with complete data 

available on live births and NICU admissions at YNHH) through 2013 and independently 

from 2004 through 2013. The number of infections over a specified year-interval was 
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assumed to be Poisson-distributed, therefore, the change in rates of infections over time was 

analyzed using Poisson Regression with the number of live births (for early-onset sepsis ) or 

total NICU admissions (for late-onset sepsis) in a given year used as an offset variable (SAS 

9.3, Cary, NC). The time effect was not assumed to be linear, and polynomial time effects 

such as quadratic, cubic, and quartic were tested in the regression models. To supplement 

the parametric modeling of the infection rates using Poisson regression, the primary goal of 

which was to investigate the effect of time, a non-parametric method was used to estimate 

infection rates in a more dynamic manner using smoothing spline Poisson regression, with 

approximate Bayesian CIs for the smoothed rates.14 Statistical significance was established 

with α = 0.05.

RESULTS

Early-onset sepsis

Forty-two episodes of early-onset sepsis yielding 44 organisms were identified in 42 infants 

over the 10-year study period. Escherichia coli was the most common organism isolated 

from blood culture (45%), followed by GBS (36%), Haemophilus influenzae (7%), and 

Staphylococcus aureus (7%) (Table I). In infants with E. coli early-onset sepsis, 13 of 19 

(68%) were exposed to intrapartum antibiotics, but in only 55% of cases was the E. coli 

strain susceptible to the antimicrobial regimen administered to the mother. Ampicillin 

resistance was observed in 63% of available E. coli isolates. Fifteen infants had GBS early-

onset sepsis. In 11 of 15 cases (73%), the maternal GBS status was either unknown (8 of 15; 

53%) or negative (3 of 15; 20%) at the time of delivery. In cases where the maternal GBS 

status was unknown, all 8 infants were <35 weeks’ GA.

Rates of early-onset sepsis, death, and sepsis-related death were inversely proportional to 

GA and BW (Table II). In extremely low birth weight infants, rates of E. coli and GBS-

related early-onset sepsis were 14.0 and 7.6 per 1000 live births, respectively. Rates of E. 

coli-related early onset sepsis were also higher in VLBW infants (10.7 v.4.3 per 1000 live 

births). GBS-related early-onset sepsis rates were higher than E. coli in infants 1500–2000 

grams (2.0 v. 1.0 per 1000 live births) and in those >2000 grams BW (0.02 v. 0.07 per 1000 

live births).

A significant decrease in the overall rate of early-onset sepsis was observed from 1979–2013 

(linear time, p=0.0003; quadratic time, p=0.001; cubic time, p=0.002; quartic time, p=0.01), 

but early-onset sepsis rates did not change significantly from 2004–2013 (p>0.05; Figure, 

A). A significant decline in GBS-related early-onset sepsis was estimated from 1979–2013 

(linear time, p=0.004; quadratic time, p=0.01; cubic time, p=0.01; and quartic time, p=0.01), 

and from 2004–2013 (linear time, p=0.02; quadratic time, p=0.02; cubic time, p=0.02; and 

quartic time, p=0.02). E. coli sepsis rates remained relatively static from 1979–2013 and 

from 2004–2013 (p>0.05 for linear or polynomial effects of time).

Late-onset sepsis

From 2004–2013, 368 episodes of late-onset sepsis yielding 408 organisms were identified 

in 298 infants. In all cases of late-onset sepsis, CoNS were the most common organisms 
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isolated (31%), followed by S aureus (17%), Enterococcus faecalis (13%), and E. coli 

(11%) (Table I). Late-onset sepsis occurred, on average, on day of life 33 ± 32, and a 

commensal species of bacteria or fungus was identified in 52% of cases. Rates of late-onset 

sepsis, death, and sepsis-related death were inversely proportional to GA and BW (Table II). 

Late-onset sepsis episodes attributed to Pseudomonas aeruginosa were associated with the 

highest sepsis-related mortality (56%), followed by E. coli (20%), Klebsiella pneumoniae 

(13%), and S aureus (12%). Sepsis-related death occurred in only 0.9% of episodes of 

CoNS-related late-onset sepsis.

The overall rate of late-onset sepsis followed a cubic polynomial trajectory for time (linear 

time, p=0.04; quadratic time, p=0.04; and cubic time p<0.001), increasing significantly 

between 1979 and 2005, and reaching a peak of 90.9 cases per 1000 NICU admissions (79 

BSI) in 2005 (Figure, B). Unit-wide initiatives aimed at reducing healthcare-associated 

infections subsequently were designed and implemented in the NICU. The majority focused 

on reducing CLABSI10, although concurrent initiatives aimed at improving the rate of 

appropriate hand hygiene, eliminating the practice of drawing blood cultures via indwelling 

central lines, and the early introduction of enteral nutrition were also conducted. Rates of 

late-onset sepsis subsequently showed a significant decrease from 2004–2013 (linear time, 

p=0.0002; quadratic time, p=0.0003; cubic time, p=0.0002) (Figure, B). Late-onset sepsis 

rates attributed to CoNS followed a similar trajectory, decreasing significantly from 2004–

2013 and following a quadratic polynomial for time (linear time, p=0.0001; quadratic time, 

p<0.0001). Rates of late-onset sepsis attributed to S aureus followed a skewed bell-curve 

pattern, with an initial increase from 1979–2005 followed by a significant decrease from 

2004–2013 (linear time, p<0.0001; quadratic time, p<0.0001). No significant trends in E. 

coli-related late-onset sepsis rates were observed, including during the last decade (p>0.05 

for linear or polynomial effects of time).

Infection prevention efforts implemented in 2008 and 2009 resulted in a major shift in the 

microbiology of sepsis in the YNHH NICU beginning in 2010. From 2004–2009, 31% of all 

BSI in the YNHH NICU were attributed to CoNS. This declined to 3% from 2010–2013 

(Table III), and no episodes of CoNS-related sepsis were identified in our NICU during 

2012 and 2013. In order to assess this observation further, we compared episodes of late-

onset sepsis from 2004–2009 (306 episodes in 239 infants) with those from 2010–2013 

(“post-intervention”; 62 episodes in 59 infants).

No significant changes in the GA (29 ± 6 weeks v. 29 ± 5 weeks; p=0.77), BW (1421 ± 1023 

grams v. 1248 ± 824 grams; p=0.23), and percentage of male infants (49% v. 59%; p=0.40) 

were observed between periods. The percentage of cases of late-onset sepsis categorized as 

commensal species-related (56% v. 40%; p=0.03) and central line-associated (62% v. 34%; 

p<0.001) decreased significantly and fewer infants (27% v. 5%; p<0.001) experienced more 

than one episode of late-onset sepsis in the post-intervention period. The cumulative 

durations of central line use (23.5 ± 26.6 days v.17.6 ± 15.7 days; p=0.02) and antibiotic 

exposure (12.1 ± 15.4 days v. 5.8 ± 7.4 days; p<0.001) prior to the onset of sepsis declined 

post-intervention despite no significant change in the time of occurrence of late-onset sepsis 

between periods (day of life 33.7 ± 32.4 v. day of life 28.0 ± 29.3; p=0.16). The number of 

late-onset sepsis evaluations (including empiric antibiotic prescription) also declined 
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significantly from an annual rate of 16.7 evaluations per 1000 patient days (257 evaluations 

per year) to 6.8 evaluations per 1000 patient days (106 evaluations per year) post-

intervention (rate difference: −9.83; 95% CI: −11.54, −8.12). Length of stay (80.8 ± 57.0 

days v. 83.9 ± 63.1 days; p=0.78) and death attributed to any cause (20% v. 29%; p=0.13) 

did not change between periods, but rate of death in infants with sepsis increased 

significantly from 7% of late-onset sepsis episodes to 19% of episodes post-intervention 

(p=0.003).

DISCUSSION

The epidemiology of early and late-onset neonatal sepsis at YNHH continues to evolve, 

undergoing significant transformation over the last decade. We believe that the majority of 

these changes in our NICU are attributable to the implementation of targeted infection 

prevention initiatives for both early- and late-onset sepsis.

In 1979, the rate of early-onset sepsis at YNHH was 3.2 cases per 1000 live births, declining 

to approximately 1 case per 1000 live births after the implementation of universal screening 

for maternal GBS colonization and intrapartum antibiotic prophylaxis for GBS carriers.5,6 

This rate has remained relatively static over the last decade, although significant changes in 

the microbiology and epidemiology of early-onset sepsis have been observed. GBS had been 

the most common organism responsible for early-onset sepsis in our NICU for nearly 40 

years, representing 42% of all cases from 1966–1978, 55% from 1979–1988, and 47% from 

1989–2003, and E. coli was responsible for 21%, 14%, and 23% of cases, respectively.4–6 

From 2004–2013, E. coli emerged as the most common organism responsible for early-onset 

sepsis in our NICU, accounting for 45% of cases compared with 36% of cases due to GBS. 

In addition to intrapartum GBS prophylaxis, this shift may be partially attributed to 

significant changes in the demographics of the population at risk.

From 1979–1988, the mean GA and BW of inborn infants at YNHH with early-onset sepsis 

were 35 weeks and 2440 grams, with 22% classified as VLBW.5 From 1989–2003, infants 

with early-onset sepsis in the YNHH NICU had mean GA and BW of 34 weeks and 2388 

grams, and 37% were VLBW.6 From 2004–2013, the mean GA and BW decreased to 30 

weeks and 1601 grams, with 60% classified as VLBW. In a cohort of 389 infants with early-

onset sepsis born between 2006–2009, the Neonatal Research Network reported E. coli as 

the most common pathogen in VLBW infants, with a rate of 5.1 infections per 1000 live 

births compared with 2.1 per 1000 live births for GBS.13 Early-onset sepsis at YNHH is no 

longer primarily a disease of the term and late-preterm infant due to GBS, but instead occurs 

most commonly in the VLBW preterm infant and more likely is due to E. coli.

These observations stress the need for continued efforts to improve GBS screening and 

testing and the need to develop and implement novel strategies for GBS prevention. 

Similarly, approaches to reduce early-onset E. coli transmission and infection also are 

warranted with particular attention paid to current maternal antimicrobial regimens and E. 

coli antimicrobial-resistance patterns. Finally, continued local and national surveillance of 

trends in the organisms responsible for early-onset sepsis and their antimicrobial 
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susceptibility patterns are necessary to permit prompt, accurate assessment and intervention, 

and to ensure that empiric, post-natal antimicrobial regimens remain effective.

For nearly 20 years, CoNS were the organisms most responsible for late-onset sepsis in our 

NICU.6 CoNS are known pathogens for late-onset sepsis5,6,9 and CLABSI15,16, as well as 

common blood culture contaminants.17,18 Healy et al, after applying strict clinical criteria 

for CoNS-related bacteremia in their NICU, deemed 54 of 149 episodes (36%) 

contaminants.17 Twenty-six years earlier, Freeman et al. observed that CoNS had emerged 

as the leading cause of nosocomial BSI in the NICU at Children’s Hospital, Boston and 

speculated as to whether this increase represented true bacteremia or contamination.18 The 

authors recognized the lack of a consensus definition for CoNS-related bacteremia, the 

subjective nature of clinical criteria in the NICU population, and difficulties in obtaining 

blood cultures in preterm infants as major pitfalls in making this differentiation.18 They 

commented that the emergence of a larger cohort of high-risk, VLBW infants had 

complicated matters, noting that physicians were more likely to consider a positive blood 

culture a true infection, irrespective of the organism(s), if obtained from a VLBW infant.18

A similar trend was observed in the YNHH NICU as our patient population began to 

change. Freedman et al. first documented the emergence of Staphylococcus epidermidis as a 

pathogen in the YNHH NICU in the 1960s and 1970s.4 In their case series, 2 episodes were 

described in what was then a rare population of infants who were >30 days of life, had 

undergone recent bowel surgery, and were receiving total parenteral nutrition via a central 

vascular catheter.4 A decade later, Gladstone et al. chose to create a separate category 

termed “late, late onset-sepsis” (>30 days of life) to account for this rapidly growing at-risk 

population.5 Infants in this category primarily were VLBW and were noted to have the 

highest proportion of intravascular catheter use, commensal species-related sepsis, and 

sepsis-associated mortality.5 By the 1990s, 79% of cases of sepsis in our inborn NICU 

population were categorized as late or late, late-onset and CoNS had surpassed GBS as the 

most common organisms responsible for neonatal sepsis.6 Rates of late-onset sepsis 

continued to increase5,6 making these infections common and, to some extent, considered 

part of the associated risk involved in caring for a highly susceptible patient population.

In the midst of a rapidly growing problem, data from randomized controlled trials and 

quality improvement efforts aimed at reducing CLABSI began to emerge.19–21 NICU-

specific prevalence studies22 and evidenced-based prevention guidelines with NICU-specific 

recommendations were eventually published23, and centers began to report dramatic success 

in reducing all BSI by targeting CLABSI.24 We implemented similar strategies for CLABSI 

prevention in 200810 that coincided with a hospital-wide initiative to improve hand hygiene 

and a NICU-based effort to expedite the introduction and advancement of enteral nutrition. 

The same year, the Centers for Disease Control and Prevention published a modified 

surveillance definition for CoNS-related bacteremia in an effort to reduce reporting, and 

unnecessary treatment, of false-positive cultures.12 The New York State Perinatal 

Collaborative later observed a 40% reduction in CLABSI rates merely by implementing this 

change of definition.25 In 2009, recognizing that a successful intervention to reduce BSI 

should target both true- and false-positive blood cultures, we altered practice to eliminate 
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sampling of blood via indwelling catheters and to initiate the practice of obtaining two 

peripheral blood cultures at the time of sepsis evaluation.

We speculate that the combined results of these efforts greatly reduced the number of true- 

and false-positive blood cultures in our NICU and, in doing so, altered not only the actual 

but also the perceived burden of infection among our staff. This is reflected in the decreased 

rate of late-onset sepsis evaluations and antibiotic exposure that we have recently observed 

despite no major changes in the demographics of our patient population. As observed by 

Freeman et al.18, it is understandable why a clinician might interpret any positive blood 

culture as a true BSI in the setting of a vulnerable patient population with a high rate of 

sepsis and non-specific clinical and laboratory signs of infection. It is therefore possible that 

a substantial decrease in the baseline rate of infection in a NICU might alter the 

interpretation of a single positive blood culture for CoNS from true infection to presumed 

contaminant.

We observed an increase in late-onset sepsis-related mortality, defined as the percentage of 

total episodes of sepsis resulting in death. This observation is most likely related to the 

significant reduction of CoNS-related late-onset sepsis episodes, which were associated with 

<1% mortality. A decrease in CoNS-related sepsis resulted in a reduction in the overall 

number of sepsis cases without greatly impacting the number of those resulting in death. 

With the near eradication of CoNS, the microbiology of late-onset sepsis in our NICU now 

is comprised mostly of virulent pathogens with high sepsis-associated mortality (eg, E. coli, 

S. aureus, Pseudomonas aeruginosa), so although an infant is less likely to become infected, 

those that become infected are more likely to die.

Our current investigation has limitations. We included only blood-culture positive sepsis 

thereby underestimating the true burden of infection in the NICU population. We also only 

included positive cultures from infants who were hospitalized in the NICU and therefore 

could not estimate the true rate of neonatal sepsis in the non-NICU population. We chose to 

adhere to the prior definition for commensal-species related bacteremia in an effort to 

maintain consistency in reporting over the study period that may have overestimated our rate 

of CoNS-related bacteremia. Alternatively, we also eliminated the practice of drawing blood 

cultures via central venous catheters which may have overestimated the rate of late-onset 

sepsis in previous study periods (or underestimates the rate currently). Additionally, the 

implementation of several interventions over a short period of time makes it impossible to 

discern which, if any, was responsible for the changes that were observed or if this decline 

was due to random chance alone. We can therefore only speculate that our interventions 

were responsible for the observed trends in late-onset sepsis.
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ABBREVIATIONS

BSI blood stream infections

BW birth weight

CI confidence intervals

CLABSI central line associated blood stream infections

CoNS coagulase-negative staphylococci

GA gestational age

GBS Group B streptococcus

NICU neonatal intensive care unit

VLBW very low birth weight

YNHH Yale-New Haven Hospital
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Figure. A, Early-and B, Late-onset sepsis rates per 1000 live births from 1979–2013
The observed rates are presented as dashed lines. A non-parametric method was used to 

estimate infection rates in a more dynamic manner using Smoothing Spline Poisson 

Regression (represented by a solid line), with approximate Bayesian 95% CI for the 

smoothed rates (represented as the gray shaded area).
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Table I

The Microbiology of Neonatal Sepsis at Yale-New Haven Hospital, 2004–2013

Early-Onset Sepsis* (42 
episodes)

Late-Onset Sepsis* (368 
episodes) All Sepsis* (410 episodes)

Gram-positive aerobic and facultative bacteria

Staphylococcus aureusa 3 (7) 64 (17) 67 (16)

Coagulase-negative Staphylococcus speciesa 2 (5) 115 (31) 117 (29)

Beta-hemolytic streptococci

 Group B 15 (36) 17 (5) 32 (8)

 Group D

  Enterococcus faecalis 0 49 (13) 49 (12)

  Enterococcus faecium 0 3 (0.8) 3 (0.7)

  Enterococcus spp 0 9 (2) 9 (2)

Viridans streptococcius speciesa,b 1 (2) 9 (2) 10 (2)

Bacillus sppa 0 2 (0.5) 2 (0.5)

Listeria monocytogenes 0 0 0

Gram-negative aerobic and facultative bacteria

Escherichia coli 19 (45) 39 (11) 58 (14)

Klebsiella pneumoniae 0 23 (6) 23 (6)

Klebsiella oxytoca 0 9 (2) 9 (2)

Haemophilus influenzae 3 (7) 0 3 (0.7)

Pseudomonas aeruginosa 0 16 (4) 16 (4)

Enterobacter cloacae 0 13 (4) 13 (3)

Enterobacter spp 0 5 (1) 5 (1)

Serratia marcescens 0 4 (1) 4 (1)

Acinetobacter baumannii 0 3 (0.8) 3 (0.7)

Citrobacter spp 0 1 (0.3) 1 (0.2)

Leclercia adenocarboxylata 0 1 (0.3) 1 (0.2)

Morganella morganii 0 1 (0.3) 1 (0.2)

Pantoea dispersa 0 1 (0.3) 1 (0.2)

Gram-negative anaerobic bacteria

Bacteroides spp 0 0 0

Fungi

Candida albicansa 1 (2) 9 (2) 10 (2)

Candida dubliniensisa 0 1 (0.3) 1 (0.2)

Candida glabrataa 0 1 (0.3) 1 (0.2)

Candida lusitaniaea 0 1 (0.3) 1 (0.2)

Candida parapsilosisa 0 7 (2) 7 (2)

Malassezia pachydermatis 0 2 (0.5) 2 (0.5)

Yeastc 0 3 (0.8) 3 (0.7)

Organisms 44 408 452

J Pediatr. Author manuscript; available in PMC 2016 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bizzarro et al. Page 13

*
Number of times the organism was retrieved from blood culture (% of sepsis cases attributed to each organism)

a
Indicates a commensal species of bacteria or fungus

b
Includes Steptococcus mitis(2) and nonspeciated viridans streptococci(8)

c
Individual organisms not speciated
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Table II

A Comparison of Early-Onset and Late-Onset Sepsis, 2004–2013

Early-Onset Sepsis (42 episodes in 42 infants) Late-Onset Sepsis (368 episodes in 298 infants)

GA (weeks)a 30 ± 6 29 ± 5

BW (grams)a 1601 ± 1108 1283 ± 869

VLBWb 25 (60) 215 (72)

Maleb 22 (52) 161 (54)

Inbornb 40 (95) 232 (78)

Sepsis ratec 0.9 33.3

 <1000 grams BW 25.4 190.8

 <1500 grams BW 17.2 136.1

 1500–2000 grams BW 3 18.4

 >2000 grams BW 0.3 0.8

 22–24 weeks’ GA 29.7 259.4

 25–29 weeks’ GA 13.9 176.7

 30–36 weeks’ GA 2.7 22.7

 >36 weeks’ GA 0.3 10.9

Length of stay (days)a 45.4 ± 49.9 81.8 ± 58.1

Deathb 13 (31) 64 (21)

 <1000 grams BW 10 (53) 48 (30)

 <1500 grams BW 11 (44) 57 (27)

 1500–2000 grams BW 1 (25) 2 (9)

 >2000 grams BW 1 (8) 5 (8)

 22–24 weeks’ GA 6 (55) 24 (32)

 25–29 weeks’ GA 5 (45) 31 (28)

 30–36 weeks’ GA 1 (11) 6 (10)

 >36 weeks’ GA 1 (10) 3 (7)

Sepsis-related deathb 9 (21) 34 (9)

 <1000 grams BW 7 (37) 28 (12)

 <1500 grams BW 7 (30) 31 (10)

 1500–2000 grams BW 1 (25) 1 (4)

 >2000 grams BW 1 (8) 2 (3)

 22–24 weeks’ GA 6 (55) 14 (13)

 25–29 weeks’ GA 1 (9) 16 (10)

 30–36 weeks’ GA 1 (11) 3 (4)

 >36 weeks’ GA 1 (10) 1 (2)

a
Presented as mean ± 1 standard deviation

b
Presented as N (%)

c
Early-onset sepsis rates presented as cases per 1000 live births; late-onset sepsis rates presented as cases per 1000 NICU admissions
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