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Abstract: Neonatal sepsis is a significant cause of morbidity and mortality in newborns, 

particularly in the preterm or low birth weight infant. In this epidemiologic review regarding 

neonatal sepsis, the recent epidemiology and causative pathogens in Japan are described and 

compared with data from international organizations. Recent Japanese multicenter studies report 

the incidence of neonatal sepsis at 0.74%. Although the incidence of early-onset sepsis has been 

low (0.13%), approximately 5% of very or extremely low birth weight infants develop late-onset 

sepsis with a high mortality rate. In Japan for such cases, the most predominant causative patho-

gen is methicillin-resistant Staphylococcus aureus; internationally, the most commonly reported 

pathogen is coagulase-negative staphylococci. It is our contention that the incorporation of the 

strategies to control and to prevent health care-associated MRSA transmission has contributed 

to the reduction in the incidence of late-onset sepsis.
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Introduction
Neonatal sepsis is a significant cause of morbidity and mortality in newborns, particularly 

in preterm or low birth weight (LBW) infants. According to the World Health Organization 

estimates, there are four million neonatal deaths worldwide every year. Over 35% of 

these are in underdeveloped countries where mortality due to sepsis may be as high as 

85%; the mortality has consistently been about 20% in developed countries.1–5

Neonatal sepsis with a high mortality rate mainly occurs in preterm newborns in 

developed countries.1,5–7 Preterm newborns are at high risk for developing infection due 

to their immunologic immaturity.8 Additionally, some studies for preterm infants have 

demonstrated a strong association between sepsis and periventricular leukomalacia, or 

cerebral white matter damage.9–11 Compared with uninfected extremely low birth weight 

(ELBW) infants weighing ,1,000 g at birth, those with sepsis had significantly more 

adverse neurodevelopmental outcomes at follow-up, including: cerebral palsy (odds 

ratio [OR], 1.4); low Bayley Scales of Infant Development II scores on the mental 

development index (OR, 1.3) and the Psychomotor Developmental Index (OR, 1.5); 

and vision impairment (OR, 1.7).9 Neonatal sepsis remains a major disease worldwide 

in need of improved outcomes.12

The purpose of this review is to present the recent epidemiology and pathogens of 

neonatal sepsis in Japan. Because methicillin-resistant Staphylococcus aureus (MRSA) 
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is a key pathogen in the incidence of neonatal sepsis, we also 

describe the strategies to mitigate the risk of MRSA transmis-

sion in Japanese neonatal intensive care units (NICUs).

Setting
Japanese NICUs usually consist of the units of levels II and III 

intensive cares. Level II units include the beds for patients who 

needed transitional care, such as LBW infants, newborn patients 

with mild diseases, or patients after their treatment of acute states 

of the disease in level III units. Level III units include the beds 

for patients who required more intensive care than those in 

level II units, such as very low birth weight (VLBW) infants 

weighing ,1,500 g at birth, ELBW infants, and newborns who 

need some treatments for underlying diseases. The patient:nurse 

ratio is 1:6 for level II care and 1:3 for level III care.

In this article, NICU includes both units of levels III and II 

intensive cares. Most NICUs accept not only the preterm and 

sick newborns that are born in their own hospital, but they 

also accept those who are transferred from general hospitals 

or obstetrical clinics in the surrounding area. Some of them 

accept newborn patients who need surgery, inhaled nitric 

oxide, and extracorporeal membrane oxygenation.

The central venous line, nasogastric tube placement, 

endotracheal intubation, pulse oximeter, electrocardiography, 

phototherapy device, and incubator are used as routine treat-

ments and managements in every NICU. Policies of use of a 

central venous line and antibiotics are shown as follows:5

Use of a central venous line
•	 For maintaining a central venous line, peripherally 

inserted central catheters are used. When a central venous 

line using peripherally inserted central catheters cannot 

be successfully placed because of ELBW infants or new-

borns with severe asphyxia, umbilical vein catheters are 

used instead.

•	 Preterm newborns, such as those with a bir th 

weight ,1,800 g or a gestational age of ,34 weeks, those 

with intestinal disorders, those who need total parenteral 

nutrition, and those who have drugs that cause angiitis 

use a central venous line.

•	 When the status of newborns is improved, central venous 

lines are immediately removed.

Use of antibiotics
•	 For newborns with suspected infection or sepsis, antibi-

otics are used for treatment. Prophylactic antibiotics are 

sometimes used for VLBW infants and newborns with 

respirators or central venous lines.

•	 Penicillin or oxacephem is used as the first choice for 

early-onset infection. Aminoglycoside is added when 

required for treatment.

•	 For late-onset infection, the specific antibiotic choice is 

driven by center-specific guidelines based on the major 

cause of nosocomial infection and organism susceptibility 

patterns in that specific center.

•	 De-escalation for use of specific antibiotics (definitive 

therapy) is performed when a targeted organism is found 

by culture.

Definition and classification  
of neonatal sepsis
Neonatal sepsis is generally defined as a clinical syndrome 

characterized by signs and symptoms of infection in addition 

to growth of an organism from the blood.6,7,13 Most of the 

causative agents are bacteria, viruses, and fungi that, on the 

earliest presentation, may be associated with any gradation 

of symptoms, from only subtle feeding disturbances to frank 

septic shock.14 In the Japanese NICUs, the definition of neo-

natal sepsis is one or more of the following clinical symptoms: 

fever; hypothermia; temperature instability; apnea; brady-

cardia; respiratory distress; increased oxygen requirements; 

feeding intolerance; lethargy or hypotonia; and a blood culture 

positive for a single organism.5 When bacteria that occur 

naturally on the skin are detected by blood culture, the same 

bacteria should be detected from blood at least twice.

Neonatal sepsis can be classif ied into two major 

 categories – early-onset sepsis (EOS) and late-onset sepsis 

(LOS), depending on the timing of onset of signs/symptoms. 

The definitions of EOS and LOS vary. In Japan, we usually 

define EOS as the onset of signs/symptoms and a positive cul-

ture result within 72 hours, and LOS as those after 72 hours 

of age.5,15 These classifications of EOS and LOS reflect the 

differing etiologies and pathophysiology of pathogens.6 While 

EOS is usually associated with the transmission of organisms 

from mother to newborn, LOS is usually due to organisms 

acquired after birth via the hands of health care person-

nel, which is called a nosocomial (health care-associated) 

transmission.16–19

Recent epidemiology
incidence
Because a nationwide surveillance system for neonatal 

sepsis is currently underdeveloped in Japan, there are few 

recent published reports on the epidemiology and patho-

gens of neonatal sepsis. We investigated the morbidity and 

mortality of culture-proven neonatal sepsis and pathogen 
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characteristics in five Japanese NICUs with 6,894 admitted 

newborns from 2006–2008.5 The total incidence of neonatal 

sepsis was 0.74% (EOS, 0.13%; LOS, 0.61%). The incidence 

of EOS was extremely low in Japan, because there was no 

EOS with group B Streptococcus (GBS) and an extremely 

low incidence of EOS with Escherichia coli during the study 

period. GBS and E. coli are still the most common pathogens 

associated with EOS worldwide. GBS currently comprises 

40%–50% of the total pathogens of EOS in England and the 

US because of missed opportunities for the prevention of 

GBS vertical transmission.20,21

A recent nationwide surveillance study in Japan has 

also shown that the estimated incidence of early-onset GBS 

disease was 0.08/1,000 live births.22 The incidence of early-

onset GBS disease is apparently low in Japan, because the 

management of pregnant women with GBS based on the 

recommendations from the US Centers for Disease Control 

and Prevention (CDC) may have become standard and mostly 

followed in Japan.23 Furthermore, no difference between each 

NICU was observed for the incidence of EOS in a study of 

Japanese NICUs.5

However, LOS occurred in 21 (5.6%) of 378 ELBW infants 

with a mortality rate of 29% in the study of five Japanese 

NICUs (Table 1).5 A large multicenter survey report, includ-

ing 37 Japanese NICUs of level III intensive cares and 2,145 

VLBW infants, revealed that the incidence of sepsis was 8% in 

2003.24 The Neonatal Research Network of Japan also reported 

that 492 (5.0%) of 9,812 VLBW infants, who were born from 

2006–2008, developed LOS (Table 1).25 A current issue is 

how to control and prevent LOS in VLBW infants in Japan. 

However, the incidence of LOS in VLBW infants was consider-

ably lower than that in the US and Canada (Table 1).25,26

Pathogens causing LOS
In the study of five Japanese NICUs in 2006–2008, the most 

common causative pathogen of LOS was S. aureus (mainly 

MRSA), followed by methicillin-resistant coagulase-negative 

staphylococci (MRCoNS), Pseudomonas aeruginosa, and 

E. coli (Table 2).5 In the deceased cases, the most common 

causative pathogen was MRSA, followed by P. aeruginosa.5 

The most common pathogen differed between Japan and the 

other countries mentioned in the study, which was MRSA in 

Japan and CoNS in other countries, such as the US, along 

with countries in Europe and Asia.1,20,26,27 MRSA is sometimes 

transmitted from infants to infants when there are many 

infants with MRSA colonization in the NICU, even though 

some precautions are taken for MRSA-colonized infants. 

We need to reduce the number of infants that are carrying 

MRSA in each NICU.

History of the spread of MRSA in 
Japan
The pathogens in neonatal sepsis in Japan are unique com-

pared with those in other countries. MRSA was a major 

pathogen in neonatal sepsis, mainly LOS in ELBW or VLBW 

infants. The reason for the difference could be that the rate 

of methicillin resistance among S. aureus strains in many 

Japanese general hospitals was .60%–70%, and .50% 

of Japanese NICUs have taken care of infants with MRSA 

colonization.16

The mortality rates for ELBW infants have been markedly 

improved in Japan since the year 2000.28 At the same time, 

in the early 2000s, MRSA widely spread into most Japanese 

NICUs.16,18 This was a serious problem because 87% of major 

Japanese NICUs had patients with MRSA infection in 2000,16,18 

and the mortality rate due to health care-associated MRSA 

infection was 15% in VLBW infants.18 In recent years, the 

incidence of LOS in VLBW infants is considerably lower than 

that in other developed countries. We speculated that the reasons 

for the reduction in incidence are because of the widespread 

Table 1 Recent incidence of late-onset neonatal sepsis in preterm 
infants in Japan, the US, and Canada

Japan5,25 US26 Canada25

ELBWI 
n=378

VLBWI 
n=9,812

VLBWI 
n=20,472

VLBWI 
n=5,341

Years 2006–2008 2006–2008 2002–2008 2006–2008
Late-onset 
sepsis (%)

5.6 5.0 24.4 16.6

Abbreviations: eLBwi, extremely low birth weight infants; vLBwi, very low birth 
weight infants.

Table 2 Pathogens of late-onset neonatal sepsis in the study of 
five Japanese NICUs in 2006–2008

Numbers (%) 
n=42

Staphylococcus aureus 
  MRSA 

MSSA

11 (26%) 
8 (19%) 
3 (7%)

Methicillin-resistant coagulase-negative staphylococci 5 (12%)
Pseudomonas aeruginosa 5 (12%)
Escherichia coli 5 (12%)
Group B Streptococcus 3 (7%)
Group A Streptococcus 3 (7%)
Enterobacter cloacae 2 (5%)
Klebsiella pneumoniae 2 (5%)
Others 6 (14%)

Note: Copyright © 2012. S Karger AG, Basel, Switzerland. Reproduced from 
Morioka i, Morikawa S, Miwa A, et al. Culture-proven neonatal sepsis in Japanese 
neonatal care units in 2006–2008. Neonatology. 2012;102(1):75–80.5

Abbreviations: NiCU, neonatal intensive care units; MRSA, methicillin-resistant 
S. aureus; MSSA, methicillin-sensitive S. aureus.
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use of the guidelines for hand hygiene and the management of 

multidrug-resistant organisms, including MRSA, published 

from the CDC for the years 2002 and 2006, respectively.29,30

The CDC recommendations for management of 

MRSA are as follows: improvements in the compliance 

with hand hygiene (it is important to have correct hand 

hygiene technique with accurate timing); contact precau-

tions (use of gloves with disposable gowns or aprons for 

all actions that may involve contact with the patient with 

MRSA, or isolation); active surveillance cultures; educa-

tion for medical staffs, families, and community; enhanced 

environmental cleaning; and communications about patients 

with MRSA within and between health care facilities.30

Changes in prevalence of MRSA-
colonized infants and measures to 
control and prevent health care-
associated MRSA transmission  
in Japanese NICUs
A nationwide survey was conducted in Japanese NICUs 

in 2000 and 2011 by the Japan Society of Premature and 

Newborn Medicine.16 The surveyed NICUs in 2000 and 

2011 were not the same. However, we can observe trends 

in the proportion of MRSA-colonized patients and changes 

in measures to control and to prevent health care-associated 

MRSA transmission. The percentage of NICUs reporting 

as free of MRSA-colonized patients increased from 14% 

of 65 responding NICUs in 2000 to 53% of 150 responding 

NICUs in 2011 (Table 3).16 The proportion of NICUs where 

the clinical staff used gloves when caring for patients, and 

gathering (cohorting) of MRSA colonized infants was prac-

ticed increased from the year 2000. The use of mupirocin to 

eradicate MRSA for colonized patients, the use of mupirocin 

to eradicate MRSA for the clinical staff carrying MRSA, use 

of a bath with disinfectant for MRSA-colonized patients, and 

the disinfection of the umbilical cord by povidone iodine 

decreased in this decade. (Bathing with disinfectant for 

MRSA-colonized patients and disinfection of the umbilical 

cord by povidone iodine were experience-based measures). 

Disinfectant agents for hand hygiene for the clinical staff 

changed from povidone iodine to an alcohol-based hand rub 

and soap in the last decade. In .85% of NICUs in 2011, 

working clinical staff used an alcohol-based hand rub and 

wore gloves to control and prevent health care-associated 

MRSA transmission (Table 4).16

The proportion of NICUs that have MRSA-colonized 

infants has decreased, and the control and preventive mea-

sures for MRSA colonization dramatically changed in the last 

decade. We propose that the recommendations on hand hygiene 

using alcohol and the management of multidrug-resistant 

organisms published by the CDC have contributed to this 

improvement.29,30 As a result, the incidence of neonatal sepsis, 

including LOS with MRSA in Japan, may have decreased in 

recent years.

Conclusion
Approximately 5% of VLBW or ELBW infants developed 

LOS, and the most common causative pathogen of LOS was 

MRSA in 2006–2008. When LOS occurred in ELBW infants, 

the mortality rate was still high. Since the proportion of 

NICUs with MRSA-colonized infants has decreased because 

of the changes in measures to control and to prevent health 

care-associated MRSA transmission, further reduction of the 

incidence of neonatal sepsis with MRSA may be achievable 

in Japan in the near future.

Table 3 Changes in prevalence of MRSA-colonized infants and 
measures to control and prevent health care-associated MRSA 
transmission in Japanese NiCUs

Year 2000 
65 NICUs

2011 
150 NICUs

Prevalence of MRSA-co lonized infants
infants without MRSA  
colonization in NiCU

14% 53%

Note: Reproduced with permission from John wiley and Sons. Prevalence of MRSA 
colonization in Japanese neonatal care unit patients in 2011. Morioka i, Takahashi N, 
Kitajima H; Committee for infection Prevention and vaccine Promotion of the Japan 
Society for Premature and Newborn Medicine. Pediatr Int. 2014;56(2):211–214.16 
Copyright © 2013 Morioka i, Takahashi N, Kitajima H. Pediatrics international © 2013 
Japan Pediatric Society.
Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus; NiCU, neonatal 
intensive care unit.

Table 4 Measures to control and prevent health care-associated 
MRSA transmission

Year 2000 
91 NICUs

2011 
168 NICUs

Measures
 Glove use 41% 90%
 Cohorting/isolation for MRSA+ infants 58% 73%

 Mupirocin for MRSA+ infants 56% 36%
 Povidone iodine for umbilical cord 35% 0%
Disinfectants for hand hygiene
 Alcohol 0% 89%
 Soap 12% 73%
 Povidone iodine 71% 21%

Note: Reproduced with permission from John wiley and Sons. Prevalence of MRSA 
colonization in Japanese neonatal care unit patients in 2011. Morioka i, Takahashi N, 
Kitajima H; Committee for infection Prevention and vaccine Promotion of the Japan 
Society for Premature and Newborn Medicine. Pediatr Int. 2014;56(2):211–214.16 
Copyright © 2013 Morioka i, Takahashi N, Kitajima H. Pediatrics international © 2013 
Japan Pediatric Society.
Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus; NiCU, neonatal 
intensive care unit.
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