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Abstract. – BACKGROUND: Bacteria, funghi,
viruses and protozoa can lead to neonatal sepsis.
Neonatal sepsis is the leading cause of infectious
disease onset and death in many neonates.

AIM: To explore the major risk factors of ear-
ly-onset neonatal sepsis and provide a scientific
basis for strategies of early-onset neonatal sep-
sis prevention.

SUBJECTS AND METHODS: A 1:4 matched
case-control study was adopted and 147 cases
of early-onset neonatal sepsis were enrolled.
Conditional logistic regression model was used
to analyze the univariate and multivariate data to
estimate the odds ratio (OR) and the 95% confi-
dence interval (95% CI).

RESULTS: Univariate analysis shows that the
impact factors on the occurrence of early-onset
neonatal sepsis include the following: Maternal
age > 35, mother having fixed occupation, moth-
er of urban residence, abnormal fetal position,
fetal times, parity, caesarean section, premature
rupture of membranes, amniotic fluid volume ab-
normalities, pregnancy-induced hypertension,
placental abnormalities, fetal distress, newborn
gender, low birth weight infants, neonatal Apgar
scoring at one and five minutes, neonatal jaun-
dice, wet lung, anemia, IVH, and premature in-
fant. Multivariate logistic regression analysis
showed that maternal age > 35 (OR = 4.835, OR
95% CI = 1.170-19.981), cesarean section (OR =
0.103, OR 95% CI = 0.041-0.258), premature rup-
ture of membranes (OR = 0.207, OR 95% CI =
0.078-0.547), premature infants (OR = 0.059, OR
95% CI = 0.010-0.329) and newborn jaundice (OR
= 0.092, OR 95% CI = 0.021-0.404) were the fac-
tors of early-onset neonatal sepsis.

CONCLUSIONS: Early-onset neonatal sepsis
could be affected by multi-factors, and targeted
prevention may reduce the incidence of early-
onset neonatal sepsis rates.
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Introduction

The conventional pathogens that lead to neona-
tal sepsis are bacteria, fungi, viruses or protozoa.
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But in the case of neonatal sepsis, the culprit is
bacterial sepsis. With the discovery of new med-
ications, treatments have improved in recent years
and a variety of new disinfectants and antibiotics
are continuously emerging. The morbidity and
mortality of neonatal sepsis has dropped signifi-
cantly, but its current level is still high. Neonatal
sepsis is the leading cause of infectious disease
onset and death in newborns1. Research shows
that the appearance rate of sepsis accounted for
0.1% to 1.0% of living neonate2, and 5% to 6% of
neonatal death3-5. Also reported, was that the low-
er the birth weight, the higher the prevalence rate
of neonatal sepsis. Neonatal sepsis in infants with
very low birth weight can reach up to 16.4%,
which indicates that it is the leading cause of
death in premature infants.

The incidence of neonatal sepsis is an impor-
tant benchmark for measuring a national and re-
gional socio-economic development of maternal
and child health care. Exploring the factors influ-
encing the occurrence of neonatal sepsis will
help to improve prevention.

For this study, neonatal and maternal medical
data from the Women’s Hospital, School of Med-
icine, Zhejiang University, were used to conduct
a 1:4 matched case-control study. The objective
was to analyze the factors influencing early-onset
neonatal sepsis.

Subjects and Methods

Research Subjects

Case Selection
At the Women’s Hospital, School of Medicine,

Zhejiang University, during the period of January
2010 and 31th May 2011, newborns diagnosed
within seven days, with early onset neonatal sep-
sis were chosen as research subjects. The diagno-
sis was based on the “Diagnostic and Treatment
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Program of Neonatal Sepsis” enacted in 2003 by
the Neonatology Group of the Paediatric Society,
of the Chinese Medical Association, and includ-
ed bacterial blood culture and clinical manifesta-
tions. The specific diagnostic criteria were as fol-
lows:

Confirmed diagnosis: clinical manifestations in
accordance with any of the following: (1)
blood culture or pathogenic culture within
sterile body cavity. (2) If the blood culture
specimens can cultivate opportunistic
pathogens, and it will culture the same species
of bacteria within another (copy) blood, in a
sterile body cavity or catheter tip.

Clinical diagnosis: clinical manifestations in
accordance with any of the following: (1)
non-specific inspection ≥ 2. (2) The pathogen
antigens of blood specimens or DNA testing
positive.

The clinical manifestations of neonatal sepsis
include:

Systemic manifestations: (1) Body temperature
changes: having a fever or low body tempera-
ture. (2) Eat, cry, or move less, pale, coolness
of extremities, weight unchanged or slow
growth. (3) Jaundice: sometimes the only
manifestation of sepsis, severe cases may de-
velop into bilirubin encephalopathy. (4)
Shock: coolness of extremities, decrease of
femoral pulse, prolonged capillary refill time,
reduced blood pressure, and severe cases can
have disseminated intravascular coagulation
(DIC).

Manifestations of the body: (1) Skin and mu-
cous membranes: Scleredema, subcutaneous
gangrene, impetigo, periumbilical cellulitis or
other sites, nail bed infections, skin burns,
bruising, petechia, oral mucosa picking cut in-
jury. (2) Digestive system: anorexia, abdomi-
nal distension, vomiting, diarrhea, severe toxic
intestinal paralysis or necrotizing enterocolitis
(NEC), hepatosplenomegaly in the later stage.
(3) Respiratory system: shortness of breath,
cyanosis, irregular respiration or apnea. (4)
Central nervous system: purulent meningitis,
appearing as somnolence and irritability, con-
vulsions, increasing fore fontanel tension and
hypermyotonia of limb, etc. (5) Cardiovascular
system: infective endocarditis, septic shock.

(6) Circulation system: combined with throm-
bocytopenia, bleeding tendency. (7) Urinary
tract infections. (8) Others: purulent os-
teoarthritis, osteomyelitis and deep abscess.

Control Selection
Study was designed according to 1:4 matched

case-control study, and four non-sepsis in
neonates were chosen as control subjects from
each case with the same date of birth at the same
hospital.

Determination of Factors
Data on the factors influencing early-onset

neonatal sepsis on the control subjects was ob-
tained from the hospital medical records. This in-
cluded background information on the pregnant
women and their spouses: maternal age >35,
mother having fixed occupation, mother of urban
residence, abnormal fetal position, fetal times,
parity, cesarean section, premature rupture of
membranes, amniotic fluid volume abnormali-
ties, pregnancy-induced hypertension, placental
abnormalities, and fetal distress. Neonatal fac-
tors: newborn gender, low birth weight infant,
neonatal Apgar scoring at one and five minutes,
neonatal jaundice, wet lung, anemia, IVH and
premature infant.

Definition and Assignment of
Major Research variables

Dependent Variable
The cases were assigned to 1, and the assign-

ment of controls for 0.

Independent Variable
The variables were defined as follows: Elderly

pregnancy: maternal age > 35 years old. Abnor-
mal placenta: placental abruption, previa, and
battledore placenta. Abnormal fetal position: fe-
tus head position abnormality, breech presenta-
tion, shoulders presentation. Low birth weight in-
fants: birth weight < 2500 g. Preterm infants:
gestational age < 37 weeks, abnormal character
of amniotic fluid, amniotic fluid volume abnor-
mality, wet lung. Specific assignments are shown
in Table I.

Data Statistical Analysis
For collating of raw data, EpiData 3.1 was

used to establish the database and input data, and
then converted into a recognizable format by
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Variable Indicator Content Assignment Variable Indicator Content Assignment

Mother Maternal age > 35 Yes 0 Neonate
No 1

Having fixed Yes 0 Low birth Yes 0
occupation No 1 weight No 1
Urban residents Yes 0 Gender Yes 0

No 1 No 1
Abnormal fetal Yes 0 Jaundice Yes 0
position No 1 performance No 1
Fetal times Yes 0 Wet lung Yes 0

No 1 No 1
Cesarean section Yes 0 Anemia Yes 0

No 1 No 1
Premature rupture Yes 0 IVH Yes 0
of membranes No 1 No 1
Abnormalities of Yes 0
amniotic fluid No 1
Amniotic fluid Yes 0
volume abnormalities No 1
Pregnancy-induced Yes 0
hypertension No 1
Placental Yes 0
abnormalities No 1
Hepatitis B Yes 0

No 1
Fetal distress Yes 0

No 1

Table I. Influencing factors on early-onset neonatal sepsis.

Figure 1. Latency period distribution of early-onset neonatal sepsis diagnosis.

Latency period of sepsis diagnosis (days)

C
as

es

SPSS, with SPSS16.0 software (SPSS Inc.,
Chicago, IL, USA) as a statistical analysis plat-
form for statistical processing. Statistical meth-
ods: univariate and multivariate conditional lo-
gistic regression analysis (utilizing Cox model in
survival analysis for fitting), calculating the odds
ratio (OR) and 95% confidence interval of OR
(95% CI). OR 95% CI value does not include
one, which indicates statistical significance.

Results

General Condition
The sample size was a total of 735 cases, includ-

ing 147 cases diagnosed as early-onset neonatal
sepsis and 588 cases of the control subjects. The
median day of early-onset neonatal sepsis diagno-
sis of the case objects were about two days, with
the specific distribution as shown in Figure 1.
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Factor p value OR OR 95% CI

Pregnant women Maternal age >35 0.002 2.420 1.396-3.174
Having fixed occupation 0.000 0.439 0.289-0.668
Urban residents 0.000 5.079 2.899-8.990
Abnormal fetal position 0.000 1.621 1.340-1.962
Fetal times 0.013 1.212 1.041-1.412
Parity 0.007 1.859 1.188-2.908
Cesarean section 0.000 0.168 0.107-0.264
Premature rupture of membranes 0.000 0.251 0.159-0.397
Abnormalities of amniotic fluid 0.973 0.987 0.463-2.104
Amniotic fluid volume abnormalities 0.0160 0.200 0.054-0.745
Pregnancy-induced hypertension 0.008 0.297 0.122-0.726
Placental abnormalities 0.006 0.050 0.006-0.428
Hepatitis B 0.056 30.593 0.915-1.023E3
Fetal distress 0.006 0.100 0.019-0.515

Neonate Low birth weight 0.000 0.027 0.013-0.056
Gender 0.012 0.620 0.427-0.899
Apgar scoring for 1 min 0.000 0.480 0.399-0.577
Apgar scoring for 5 min 0.000 0.267 0.179-0.398
Jaundice performance 0.000 0.244 0.113-0.526
Wet lung 0.000 0.039 0.013-0.112
Anemia 0.000 0.012 0.003-0.051
IVH 0.000 0.008 0.001-0.059
Premature infant 0.000 0.016 0.006-0.039

Table II. Univariate analysis of early-onset neonatal sepsis.

Univariate Analysis on the General
Condition of Pregnant Women

Univariate analysis shows that the impact fac-
tors on the occurrence of early-onset neonatal
sepsis include the following (Table II):

Maternal age > 35 (OR = 2.420, OR 95% CI =
1.396-3.174), mother having fixed occupation
(OR = 0.439, OR 95% CI = 0.289-0.668), mother
of urban residence (OR = 5.079, OR 95% CI =
2.899-8.990), abnormal fetal position (OR =
1.621, OR 95% CI = 1.340-1.962), fetal times
(OR = 1.212, OR 95% CI = 1.041-1.412), parity
(OR = 1.859, OR 95 % CI = 1.188-2.908), cae-
sarean section (OR = 0.168, OR 95% CI = 0.107-
0.264), premature rupture of membranes (OR =
0.251, OR 95% CI = 0.159-0.397), amniotic fluid
volume abnormalities (OR = 0.200, OR 95% CI
= 0.054-0.745), pregnancy-induced hypertension
(OR = 0.297, OR 95% CI = 0.122-0.726), pla-
cental abnormalities (OR = 0.050, OR 95% CI =
0.006-0.428), fetal distress (OR = 0.100, OR
95% CI = 0.019-0.515), newborn gender (OR =
0.620, OR 95% CI = 0.427-0.899), low birth
weight children (OR = 0.027, OR 95% CI =
0.013-0.056), neonatal Apgar scoring at one
minute (OR = 0.480, OR 95% CI = 0.399-0.577),
and at five minutes (OR = 0.267, OR 95% CI =
0.179-0.398), neonatal jaundice (OR = 0.244,
OR 95% CI = 0.113-0.526), wet lung (OR =

0.039, OR 95% CI = 0.013-0.112), anemia (OR
= 0.012, OR 95% CI = 0.003-0.051), IVH (OR =
0.008, OR 95% CI = 0.001-0.059), premature in-
fant (OR = 0.016, OR 95% CI = 0.006-0.039).

There was no significant statistical correlation
between the early-onset neonatal sepsis and the
following factors: abnormalities of amniotic fluid
(OR = 0.987, OR 95% CI = 0.463-2.104) and
mother with hepatitis B (OR = 30.593, OR 95%
CI = 0.915-1.039), as shown in Table I.

Multivariate Conditional Logistic
Regression Analysis

The 23 variables of statistical significance in
the univariate analysis were as follows: maternal
age > 35, mother having fixed occupation, moth-
er of urban residence, abnormal fetal position, fe-
tal times, parity, cesarean section, premature rup-
ture of membranes, amniotic fluid volume abnor-
malities, pregnancy-induced hypertension, pla-
cental abnormalities, fetal distress, newborn gen-
der, low birth weight infants, neonatal Apgar
scoring at one and five minutes, neonatal jaun-
dice, wet lung, anemia, and IVH, premature in-
fants. In addition, taking into account whether
early-onset neonatal sepsis occurs as a dependent
variable, a multivariate conditional logistic re-
gression analysis was carried on by stepwise for-
ward algorithm. As a result, maternal age > 35



Regression Standard Wald
Factor coefficient error χχ2 value p value OR OR 95% CI

Pregnant women
Maternal age > 35 1.576 0.724 4.740 0.029 4.835 1.170-19.981
Cesarean section -2.275 0.469 23.484 0.000 0.103 0.041-0.258
Premature rupture -1.575 0.496 10.089 0.001 0.207 0.078-0.547
of membranes

Neonate
Premature infant -2.835 0.880 10.379 0.001 0.059 0.010-0.329
Jaundice performance -2.385 0.755 9.988 0.002 0.092 0.021-0.404

Table III. Conditional logistic regression analysis of risk factors on early-onset neonatal sepsis.

(OR = 4.835, OR 95% CI = 1.170-19.981), ce-
sarean section (OR = 0.103, OR 95% CI = 0.041-
0.258), premature rupture of membranes (OR =
0.207, OR 95% CI = 0.078-0.547), premature in-
fants (OR = 0.059, OR 95% CI = 0.010-0.329)
and newborn jaundice (OR = 0.092, OR 95% CI
= 0.021-0.404) performance eventually entered
the model, as shown in Table III.

Discussion

Neonatal sepsis is an infectious disease caused
by the invasion of pathogens into the organism.
The development of sepsis is related to two fac-
tors: infection and neonatal immunity. Infection
may include the number of pathogen invasions,
virulence, timing and pathway of invasion, and
can be summed up in three categories: (1) prena-
tal infection, (2) infection at birth, (3) postnatal
infection. The neonatal immune function is di-
vided into two major categories of non-specific
and specific immune function. Therefore, any
factors that can affect infection and immune
function may have an impact on the occurrence
of neonatal sepsis.

In this study, univariate analysis shows that the
mother’s occupation, education level, prenatal
examination, premature rupture of membranes,
curettage operation, abnormal fetal position, twin
pregnancy, gestational age of newborn, birth
weight, appearance, umbilical cord abnormali-
ties, jaundice and Apgar scoring, may be the fac-
tors influencing early-onset neonatal sepsis. The
multivariate analysis showed that maternal age,
premature rupture of membranes, cesarean sec-
tion, gestational age, and jaundice were factors
influencing early-onset neonatal sepsis.

Along with the economic development and
increasing openness of society, premarital sex

has become widespread. At present, many do-
mestic and foreign literature reports that the in-
duced abortion rate increased gradually while
the maternal age was getting younger. However,
women’s childbearing age is postponed, mainly
due to social and economic pressures after mar-
riage. So, with extended periods between the
sexually mature phase and childbirth, and an in-
creasing proportion of unplanned pregnancies,
many women have induced abortions. This can
lead to adhesions or implantation of the placen-
ta and bring adverse effect on pregnant women
and their newborn during delivery and follow-
ing childbirth, thus increasing the risk factors
for neonatal sepsis. The studies of Mannan et al6

(2012) pointed out that an advanced maternal
age or one that is too young, is one of the fac-
tors that affect neonatal mortality, especially in
premature infants with very low birth weight
(VLBWI). As reported by Soman et al (Am J
Epidemiol 1985; 121: 712-719), maternal age
that is advanced or too young are all high risk
factors of the early-onset neonatal sepsis. Salem
et al7 (2006) also reported that the early-onset
neonatal sepsis was related to advanced mater-
nal age, which is one of the risk factors for ear-
ly-onset neonatal sepsis. The literature supports
the conclusion of this study, i.e., if the maternal
age is over 35 years old during delivery, the OR
value of early-onset neonatal sepsis is 4.835
(95% CI = 1.170-19.981).

A premature rupture of the membranes refers
to the full-thickness natural rupture of fetal mem-
branes (chorion and amnion) before labor, and
one should not launch labor one hour after the
rupture of the membranes. Its adverse effects on
pregnancy and delivery include the elevated rates
of preterm birth, increased mortality of perinatal
infant, higher rates of intrauterine and puerperal
infection. Premature rupture of membranes will
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lead to prolonged labor, puerperal, decreased ap-
petite, physical exertion and decreased resis-
tance. The degree of infection is related to the
rupture time, and if the rupture time is more than
18 hours, the infection rate will increase by five
to ten times. Prolonged rupture of the membranes
and the draining of the amniotic fluid will result
in a fetal pressure that is close to the uterine wall,
and would affect the fetal placental circulation,
which can cause intrauterine infection, a dead fe-
tus, as well as vaginal infections. Moreover,
neonatal pneumonia, sepsis and other serious
complications will occur after birth. The results
of this study, shows that the odd ratio (OR) of the
premature rupture of the membranes on neonatal
early-onset sepsis is 0.207 (95% CI 0.078-0.547).
More than 18 hours are recommended to conduct
the necessary blood culture, while paying close
attention to the clinical signs and symptoms of
infection. Newborns with a gestational age of
less than 35 weeks and/or weight of less than
2500 g are proposed to undergo the necessary an-
ti-infective examination and must be monitored
for the clinical signs and symptoms of infection8.

As early as in 1996, Agrawal et al9 studied
and compared IgG antibody content in the blood
of cesarean newborns and neonates by natural
labor. He discovered that the blood IgG antibody
levels in newborns delivered by cesarean section
is significantly lower than that of newborns de-
livered by natural labor. Boutsikou et al10 also
mentioned that the cesarean section is one of the
risk factors of early neonatal sepsis. Wilmink et
al11 conducted a retrospective study on 20973
newborns by selective cesarean section during
seven years, and found that there was a higher
proportion of neonatal sepsis for newborns de-
livered by selective cesarean section with a ges-
tational age of less than 39 weeks. The logistic
regression analysis showed that the OR value of
cesarean section in early-onset sepsis is 0.103
(95% CI 0.041-0.258), and equally revealing is
that cesarean section is one of the risk factors
causing neonatal early-onset sepsis. The rela-
tionship between premature birth and early-on-
set sepsis mainly consists of the following: First-
ly, due to immature function and development of
various organs, poor developmental of skin and
mucous membranes, lung function, and digestive
tract, coupled with less protective antibodies,
IgG transferred through maternal placental, and
less self-generated IgA and IgM. The premature
infants cannot effectively resist the invasion of
exotic microorganism, which leads to the occur-

rence of sepsis. Secondly, many preterm births
may have intrauterine infections. Premature rup-
ture of the membranes and amnionitis are factors
leading to premature birth with some infants de-
veloping intrauterine infection and sepsis in the
uterus. The appearance of sepsis in preterm in-
fants is higher than in full-term infants of normal
weight. The OR value for premature birth of
neonatal early-onset sepsis is 0.059 (95% CI =
0.010-0.329).

Conclusions

Neonatal jaundice is a common global prob-
lem, and the reason is very complex. Each year,
in the United States, about 60-70% of newborns
have clinical jaundice12. Neonatal jaundice in
Asians is significantly higher than that in Cau-
casians. Neonatal jaundice occurs earlier, rises
quickly with dissipated delay and highly conju-
gated bilirubin. Hemolytic diseases in neonates
with ABO blood group incompatibility, G6PD,
low birth weight and sepsis are considered as the
main reason that lead to pathologic jaundice13,14.
Shamir et al15 reported that gram-negative bacilli
can cause elevated liver enzymes and cholestasis
of premature infant. Tiker et al (2006) also re-
ported that in neonates with early-onset elevated
conjugated bilirubin, the blood cultures are posi-
tive in 35.7% of patients16. Recently, Shahian et
al17 conducted urine test on 120 neonates with
jaundice and pointed out that, in 12.5% of these
newborns, had urinary tract infections, but none
of newborns in the control group without jaun-
dice had urinary tract infection. The neonatal
jaundice diagnosis and the interventions in this
study refer to the following: at gestational age
greater than or equal to 35 weeks with weight
greater than or equal to 2500 g, reference indica-
tors were based on the guideline of neonatal
jaundice and intervention published in 2004 by
the American Academy of Pediatrics18. For the
newborns with gestational age less than 35 weeks
and birth weight less than 2500 g, it refers to the
guidelines of jaundice diagnosis and intervention
of premature birth and low birth weight infants
for treatment 19. Data were processed by logistic
regression analysis and a conclusion was drawn.
The OR value of jaundice performance of neona-
tal early onset sepsis was 0.092 (95% CI 0.021-
0.404), indicating that jaundice is one of the ma-
jor clinical manifestations of early-onset sepsis in
newborns. It was recommended that caregivers
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should be highly vigilant when testing for neona-
tal jaundice associated with risk factors, while
blood samples were cultured.
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