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Summary

Objective: The study’s aim was to assess incidence and epidemiologic profile of nosocomial infection (NI) in a NICU of China, and
to identify main risk factors of NIs. Materials and Methods: Chi square test for discrete variables and independent t-test for continuous
variables to examine the association with NI. Univariate regression model was applied to the variables to predict the NI status. Finally
the multivariate model was utilized with stepwise methods included all variables in the univariate model to extrapolate the independ-
ent variables to NI. Results: Infection rate in NICU during the study period was 6.2 episodes per 100 patients. Infection density was 4.2
episodes per 1,000 patient-days. Infection rate of ventilation-related pneumonia was 3.4 episodes per 1,000 mechanical ventilation
(MV) days. Central line-associated bloodstream infection rate was 5.4 episodes per 1,000 central line days. Gestational age < 32 weeks,
with congenital malformation, twins or triplets, gastric tube feeding, operation, duration of prophylaxis antibiotic use, duration of pro-
biotic use, duration of parenteral nutrition were the risk factors associated with NI in NICU. We discussed the association between in-
trinsic factors of infants and health care procedures with NI. Conclusion: This study provided information for prevention strategies of

NI, that will ultimately improve the healthcare service level.
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Introduction

Nosocomial infection (NI) refers to healthcare associated
infection that was recognized over one century ago. Ob-
stetrics and Gynecology doctors, Ignac Philipp Semmel-
Weis observed that the mortality rate of women delivering
and of the newborns could be highly reduced through hand
disinfection of midwives [1]. Nowadays healthcare-asso-
ciated infection has become a severe problem worldwide,
which takes a high death toll in human lives and affects
hundreds of millions of patients each year [2].

Neonatal intensive care unit (NICU) patients, including
preterm babies and infants who require surgeries are unique
and highly vulnerable group of people. The research indi-
cated that the NI rate was on the rise in the past decade, due
to the increasing survival rate of early preterm infants and
the extensive use of invasive healthcare procedures [3]. The
incidence of NI in NICU varied from 6%-40%, which de-
pended on the proportion of preterm infants and the pro-
portion of surgery in NICU, which was much higher than
the incidence rate of normal neonatal wards, which varied
from 0.3 - 1.7% [4].

Another key factor which is influencing the prevalence of
NI in NICU is socio-economic level of the nation. The sit-
uation is much worse in developing countries than in de-
veloped countries such as USA and European countries. A
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recent review from WHO found that prevalence of health-
care-associated infection which was 15.5 per 100 patients
in developing countries, which was much higher than the
prevalence reported from Europe and the USA. Pooled
overall healthcare-associated infection density in adult in-
tensive-care units was 47.9 per 1,000 patient-days (95% CI
36:7~59-1), at least three times as high as incidences re-
ported in the USA [5].

The outcome associated with the NI was the increasing
mortality and morbidity, as well as the prolonged hospital
stay. In the USA, the extension of hospital stay and the ad-
ditional treatment for healthcare-associated infection cost
the government 17 to 29 billion dollars [3]. The degree of
prematurity, birth weight, applied mechanical ventilation
(MV) and exposure to central venous catheter were the risk
factors reported in previous articles [6].

There was increasing trends in the past decades of NI in
China. According to the published articles, the infection rate
of NICU in China varied from 7% - 11.6% [7,8]. However,
the risk factors, such as length of hospitalization, applied
gastric tube, and applied ventilation associated with the NI
in NICU in China are rarely reviewed and analyzed [9];
most of the studies only discuss the epidemiology profile of
NI in NICU [8, 10, 11]. Since China’s healthcare system’s
regulation procedure, efficiency, and socio-economic situa-
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tions are unique, it is absolutely essential to conduct the re-
search on the NI infection incidence and risk factors in order
to control and minimize the influence. This study aimed to
assess the incidence and epidemiologic profile of NI in
NICU of China, and to identify the main risk factors of NIs.

Materials and Methods

Setting

The study was conducted in the NICU of Guangzhou Women
and Children’s Medical Center. There were 30 cots in NICU, with
three m? surface area for each cot and one m distance between
two cots. The ratio of nurse-to-cot was 1:4. The entire area was
separated into two parts, one for the non-infectious patients and
one for infectious patients. The NICU was equipped with air fil-
ters. There are about 800 patients admitted in the NICU per year.
Annual patient days are around 11,000. There are about 16% of
the patients admitted for surgery and 60% preterm birth among
all admitted patients during the study period. The present authors
accepted patients aged mainly within 28 days, but if the infants
were preterm and the weight was not heavier than 4,000 g, this
rule was not applied. All the NI cases were informed by the at-
tending physicians and confirmed by the associate chief doctor or
chief doctor and the experienced infection control staft.

Inclusion and exclusion criteria

This study was a retrospective cohort survey with a nested case
control study. All 1,653 Chinese infants admitted in the NICU dur-
ing the study period from December, 2009 to May, 2012 were in-
cluded as the subjects.

All Chinese infants admitted and diagnosed with at least one
episode of NI in the NICU of Guangzhou Women and Children’s
Medical Center from December of 2009 to May of 2012 were in-
cluded as the cases. There were 81 infants with 103 episodes in
total. Meanwhile 300 controls were randomly sampled based on
the computerized records of all infants admitted and stayed in
NICU for more than 48 hours without infection in the hospital in
the same period.

The infants who died (n=8) or were discharged or transferred to
other department within 48 hours (n=23) after being admitted in
NICU were excluded. The subjects with missing data in more than
two variables (n=0, there were two subjects only that each had
one variable missing) were also excluded.

Ethical approval

This study was approved by the Medical Ethic Committee of
Guangzhou Women and Children’s Medical Center. All the data
already existed in the computerized medical recording system, so
no informed consent was needed.

Data collection procedures

All data were collected in the database of medical records in
the Guangzhou Women and Children’s Medical Center during
June to July 2012, by two trained attending physicians independ-
ently with the standard data extraction sheets [9]. All the NI cases
were identified by the associate chief doctor or chief doctor and
the experienced infection control staff. Two postgraduate medical
students were responsible for the data entry to the computers sep-
arately and double checked the data to ensure correct entry.

Measurements

The measurement and the variables of demographic and family
characteristics, the clinical, and the healthcare procedures in the
study were categorized and defined as follows:

The measurements of NI in NICU

— Incidence rate of NI: the new cases of NIs occurred in a given
time period (year)/all the persons at risk in that given time
(year) *100

— Incidence density: the new episodes of NIs occurred in a
given time period /the number of patients-days in a given
time*1,000

— Ventilator-associated pneumonia infection rate: new episodes
of ventilator-associated pneumonia in a given time/ the num-
ber of ventilator-days *1,000

— Central line-associated bloodstream infection rate: new
episodes of central line-associated bloodstream infections /
the number of central line-days*1,000

Demographic characteristics of the infants

— Sex: male as the reference group.

— Age: days as the units were recorded.

— Gestational age: The number of weeks that passed from the
first day of the last menstrual period (LMP) to the birth day.
It was categorized into two groups: early preterm birth: born
before 32 weeks of pregnancy and non—early preterm birth
born after 32 weeks of pregnancy which was the reference
group.

— Birth weight: very-low—birth-weight (VLBW) < 1,500 g and
non-VLBW > 1,500 g (reference group).

— Congenital malformation: defined as the infants with con-
genital heart diseases, congenital chromosomal abnormali-
ties, tumor and congenital abnormal body structure which
required medical, surgical or cosmetic treatments. Infants
without congenital malformation were the reference group.

— Singletons: categorized into two groups: singleton (reference
group); twins or triplets.

The family characteristics

— Maternal age: the age of the mother at the time of delivery.

— Advanced maternal age: defined as the women older than 35
years when she gave birth to her first child.

— Pregnancy complications: defined as the symptoms and prob-
lems which were associated with the pregnancy for the pres-
ent infants. Diagnosis was based on “The International
Classification of Diseases, 10" Revision, Clinical Modifica-
tion” (ICD-10-CM) [12]. These mainly included diabetes
mellitus in pregnancy (024.901) and severe pre-eclampsia
(014.101).

Healthcare procedures associated variables

All the variables related to healthcare procedures, such as re-
ceipt of pulmonary surfactant and umbilical vein catheterization
(UVCQ), the peripherally inserted central catheters (PICC) or arte-
rial cauterization (or both) and urinary catheter, intubation and
ventilation, receipt of nasal continuous positive airway pressure
(NCPAP), use of probiotics and antibiotics, and receipt of opera-
tion were counted from admission until the onset of NI occurring
in case groups or until discharge of non-infection control group.

The duration of ventilation and the duration of using probiotics
were recorded from the day of receipt of the procedures or probi-
otics until the procedures were completed or until the NI,
whichever was earlier.

Data analysis
The authors described the NI rate, infection density and device-
related infection rate, seasonal distribution, the type of infection,
and the pathogens identified to reveal the profile of NI in NICU.
The authors compared the general characteristics, the family
characteristics, and healthcare related procedure characteristics of
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cases when they had the first episodes of NI after admission with the
control group using Chi square test for discrete variables and inde-
pendent t-test for continuous variables to examine the association
with NI. For patients with more than one episode of NI, the authors
only considered the first episode in the case control analysis.

First, the authors applied each of the variables to fit the binary
regression model, then they conducted a multivariate model with
variables which showed a statistically significant association with
NI in univariate analysis (p value less than 0.05) to predict the
outcome.

As some variables in the multivariate model (adjusted OR)
showed inconsistent results with univariate model (crude OR),
hence the authors check the multicollinearity within the model by
correlation matrix. At last, they applied the multivariate model
with stepwise methods with all the variables in the previous model
to get the independent variables to NI.

Results

Incidence rate of NI

During the study period, there were 1,653 infants admit-
ted to NICU. The total number of episodes of NIs was 103.
The calculation indicated that the NI rate was 6.2 episodes
per 100 patients (95% CI, 6.0 - 6.4 episodes per 100 pa-
tients).

Incidence density

The total patient-days were 24,547, in which resulted 4.2
episodes per 1,000 patient-days (95% CI, 4.0-5.8 episodes
per 1,000 patient-days) in the infection density.

Ventilation associated pneumonia infection rate

There were 24 episodes of ventilation-associated pneu-
monia during the study period, plus 7,069 MV days. The in-
fection rate of ventilation-related pneumonia was 3.4
episodes per 1,000 MV days (95% CI, 3.2-3.5 cases per
MYV patient-days)

Central line-associated bloodstream infection rate

In 1,482 central line days, there were eight infected
episodes; therefore the infection rate was 5.4 episodes per
1,000 central line days. (95% CI, 5.1 - 5.6 episodes per cen-
tral line days)

Crude death rate

There were seven deaths in the NI cases and 75 deaths
(including the death in the NI cases) among all patients ad-
mitted in NICU during the study period, resulting in a death
rate of 8.6% and 4.5%, respectively.

There were 16 (20.0%) patients out of 81 infants had two
NIs, while six (7.4%) out of 81 infants had three or more
NIs. Among 103 episodes of NI in the study, pneumonia
accounted for 34% of all the episodes (Table 1). The major
agent of NI was Klebsiella pneumonia, which was most
commonly cultivated in airway secretions, followed by
Pseudomonas aeruginosa, which was more commonly cul-
tivated in blood and airway secretions (Table 2).

Table 1. — Distribution of 103 episodes of NI in NICU.

Type of infection First Second Third Total
episodes episodes episodes or  (n=103)
(N=81) (N=16) more (N=6)
Pneumonia 2531%) 501%) 5(33%)  35(34%)
Sepsis 2126%) 3(19%) 1(17%)  24(23%)
Enterocolitis 11(14%) 3(19%) 0 14(14%)
Meningitis 3(4%) 3(19%) 0 6(6%)
Thrush 79%)  16%) 0 7(7%)
Surgery wound infection  4(5%) 1(6%) 0 5(5%)
Other 12(15%) 0 0 12(12%)

Table 2. — Distribution of 49 pathogens of NI in NICU
No. (%) of pathogens identified.

Genus, species First Second Third Total
episodes episodes episodes or  (n=49)
(N=40) (N=5) more (N=4)
Klebsiella pneumonia 12(30%) 1(20%)  1(25%) 14(29%)
Pseudomonas aeruginosa  6(15%)  1(20%)  1(25%) 8(16%)
Candida albicans 5(13%) 0 0 5(10%)
Pathogenic escherichia coli  3(8%) 0 0 3(6%)
Enterococcus faecalis 3(8%) 0 0 3(6%)
Klebsiella oxytoca 2(5%) 0 0 2(4%)
Acinetobacter baumannii  2(5%) 0 0 2(4%)
Escherichia coli 1(3%) 0 1(25%) 2(4%)
Enterococcus faecium 2(5%) 0 0 2(4%)
Enterobacter cloacae 1(3%) 0 0 1(2%)
Candida glabrata 0 2(40%) 0 2(2%)
Others 4(10%)  1(20%)  1(25%) 6(4%)

Characteristics of study subjects related to NI (related to
second outcome)

For 381 enrolled infants in the study, there were 35.8%
females in the NI cases group and 36.3% females in the
control group respectively; thus, there was no significant
sex difference between groups. The mean age of NI cases
group and control group were also similar. However, the
number of early preterm birth in the NI cases group was
43.2%, which was much greater than the percentage in the
control group (18%). Moreover, there was 9.9% VLBW
infants in the NI cases group, which was much greater
than in the control group (2.0%; p < 0.001). The propor-
tion of infants with congenital malformation in NI cases
group was 30%, which was much higher than the propor-
tion in the control group (10%; p < 0.001). There were
also significantly more twins/triples in NI cases group
than in control group (35.8% vs. 17.6%; p <0.001). Over-
all, there were significantly smaller gestational ages and
birth weight, more congenital malformations, more twins
or triplets in the NI cases group than in the control group
(Table 3).

The mean age of mothers in two groups was similar,
which was around 29 years. There were significantly more
ad- vanced maternal age mothers in the NI cases group
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Table 3. — Background characteristics of infected infants
and controls.

Table 5. — Healthcare procedures associated character-
istics.

Characteristics Nosocomial Non-infected p value Characteristics Nosocomial Non-infected p value
infected cases (%)  controls (%) infected cases (%)  controls (%)
(N=81) (N=300) (N=81) (N=300)

Sex (female) 29(35.8%) 109(36.3%)  0.93 Receipt of pulmonary 0 0

Age (days) 575134 612100 0.7 surfactant 28(34.6%) 40(13.3%)  <0.001

Gestational age Receipt of UVC® 35(43.2%) 39(13%) <0.001
Early preterm birth® ~ 35(43.2%) 53(17.7%) <0.001 Duration of UVC (days) 3.6+4.5 1.1£3.0 <0.001
Moderate and mild 0 0 Receipt of PICC®/ 0 0

preterm birth? 28(34.6%) 121(40.5%) arterial catheter 28(34.6%) 34(11.3%) <0.001
Term infants* 18(22.2%) 125(41.8%) Duration of PICC/

Birth weight arterial catheter 418 25497 0044
<1,500g 31(38.3%) 47(15.7%) <0.001 Receipt of urinary catheter  20(24.7%) 46(15.3%) 0.013
>1,500g 50(61.7%) 253(84.3%) Receipt of gastric tube 55(67.9%) 99(33.0%) <0.001

Congenital malformation  24(29.6%) 30(10%) <0.001 Receipt of Intubation

Twins or triplets 29(35.8%) 53(17.6%) 1 times 29(50.0%) 77(76.2%) 0.001

*Early preterm birth: gestational age < 32 weeks 2 t%mes 133 10'0%) 20(190'8%)

®Moderate and mild preterm birth: gestational age > 32 and < 37 weeks 3 times 4(6.9%) 3(3.0%)

¢Term infants: gestational age > 37 weeks 4 times or more 7(12.1%) 1(1.0%)

Receipt of ventilation 52(64.2%) 103(34.3%)  <0.001
o Duration of ventilations 4.045.9 16441 0.001

Table 4. — Mothers characteristics of NI neonates and ~ (days)

controls. Receipt of NCPAP 21(25.9%) 41(13.7%) 0.011

Characteristics Nosocomial Non-infected  p value Proph'ylactlc aptlblotlcs 7300.1%) 212(702%)  <0.001

infected cases (%) controls (%) Duration O'f usmg o 8.746.9 45548 <0.001
(N=81) (N=300) prophylactic antibiotics . T :

Mean maternal age (yrs) 29.6+5.1 29.0+48  0.25 Use of probiotics 19(23.5%) 108(36.0%)  0.034

Advanced maternal age (yrs) 22(21.4%) 39(13.0%) 0.041 Duration of using probiotics 2.3+5.4 3.7+6.8 0.05

Older than 40 years 2(1.9%) 6(1.9%) 1 Use of parenteral nutrition ~ 62(76.6%) 205(68.3%)  0.17

Pregnancy complications  53(17.7%) 22(21.4%) 0.46 Duration of using 8.6£9.0 6.748.6 0.08

Diabetes 6(5.9%) 16(5.3%)  0.77 paren'teral nutrltl(?n

Severe pre-eclampsia 6(4.9%) 8Q2.7%)  0.47 Receipt of operation 29(35.8%) 36(12%) <0.001

Duration of 53.1469.78 166£161  <0.001

than in the control group. Only 2% of the mothers were
older than 40 years in both groups. The main complica-
tions of pregnancy in the mothers were diabetes mellitus
and hypertension, which were approximately 6% and 5%,
respectively, with no significant differences in both groups
(Table 4).

Mean length of NICU stay was 53.1 days in NI cases
group, which was much longer than those in non-infected
control group (16.6 days); 92% of the infants’ NICU stay in
NI cases group were lasted for six to 109 days, and only
two infants’ NICU stay were far from the mean. After ex-
cluding two outliers (more than 454 days), the difference of
NICU stay length was still significant (p < 0.001). There
were more infants in NI cases group requiring exogenous
pulmonary surfactants, UVC, PICC and urinary catheter
(UC), intubation, ventilation, operations, which indicated
that the NI cases group had more severe medical conditions
than the non-infected control group (Table 5).

Due to the more medical procedures that were performed
in NI cases group, the percentage of patients who had in-
travenous prophylactic antibiotics was greater. Further-
more, the authors found that more infants in the

hospitalization (days)

2 Umbilical vein catheterization (UVC);
® Peripherally inserted central catheters (PICC).

non-infected control group were given probiotics, and had
longer duration than the infected case group.

Because of the incomplete data of the entire 12 months
in 2009 and 2012, the authors compared all the episodes
of four seasons in 2010 and 2011 (51 episodes in 2010
and 47 episodes in 2011). The finding is that there was no
difference in the seasonal pattern of NI (Table 6). A bet-
ter comparison should be based on incidence or incidence
density, as the number of patients might vary in different
periods. It is unfortunately that data were not available;
therefore the authors could only compare the number of
episodes.

Potential factors related to NIs

In order to predict whether or not the NI would occur,
the authors applied the binary logistic regression analysis
to background factors, which related to the NIs. Gesta-
tional age older than 32 weeks and females showed pro-
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Table 6. — NI episodes in four seasons of 2010 and 2011.

Seasons 2010 2011 p value

Spring (Mar - May) 14(27.5%) 10(21.3%) 0.16

Summer (Jun - Aug)  14(27.5%) 6(12.8%)
Autumn (Sep - Nov)  17(33.3%) 21(44.7%)
Winter (Dec - Feb)  6(11.8%) 10(21.3%)

Table 7. — Crude and adjusted OR for background char-

acteristics.

Variables Crude p value Adjusted p value
OR (2-tailed) OR (2-tailed)
(95% CI) (95% CI)

Sex (female) 0.98 0.93 0.65 0.24
(0.59-1.63) (0.31-1.34)

Birth weight 2.84 <0.001 1.63 0.33

<2,000 g (1.70-4.74) (0.61-4.30)

Gestational 0.28 <0.001 0.53 0.2

age > 32 weeks (0.17-0.48) (0.21-1.38)

Congenital 3.79 <0.001 437 0.006

malformations (2.06-6.96) (1.53-12.50)

Twins or triplets 2.6 0.001 3.88 0.001
(1.51-4.47) (1.69-8.92)

*OR adjusted by sex, birth weight <2000g, gestational age >32 w, malformations,
twins, intubation, vein or arterial catheter, ventilation, duration of ventilation, pro-
phylactic antibiotics, duration of antibiotics, duration of probiotics, operation, par-
enteral nutrition, duration of parenteral nutrition, gastric tube feeding.

Table 8. — Crude and adjusted OR for healthcare proce-

dures.

Variables Crude p value Adjusted p value
OR (2-tailed) OR (2-tailed)
(95% CI) (95% CI)

Receipt of 497 <0.001 2.51 0.07

intubation (2.90-8.52) (0.92-6.81)

Receipt of veinor  5.77 <0.001 3.92 0.001

arterial catheter (3.41-9.76) (1.76-8.70)

Receipt of 343 <0.001 0.52 0.22

ventilation (2.05-5.73) (0.18-1.49)

Ventilation 1.1 0.071 1.02 0.62

duration (1.05-1.16) (0.95-1.10)

Using prophylactic  3.79 <0.001 1.17 0.78

antibiotics (1.75-8.19) (0.38-3.64)

Duration of using  1.14 <0.001 1.13 0.001

antibiotic (1.09-1.19) (1.05-1.21)

Using probiotics ~ 0.55 0.04 2.95 0.07
(0.31-0.96) (0.92-9.48)

Duration of 0.96 0.09 0.88 0.004

probiotics (0.92-1.01) (0.80-0.96)

Receipt of 4.09 <0.001 6.17 <0.001

operation (2.31-7.25) (2.47-15.41)

Receipt of 1.51 0.15 0.98 0.97

parenteral nutrition (0.86-2.67) (0.38-2.52)

Duration of 1.02 0.08 0.94 0.02

parenteral nutrition (0.997-1.06) (0.90-0.99)

Receipt of gastric 4.3 <0.001 3.27 0.003

tube feeding (2.54-7.26) (1.51-7.09)

*OR adjusted by sex, birth weight <2000g, gestational age >32 w, malformations,
twins, intubation, vein or arterial catheter, ventilation, duration of ventilation, pro-
phylactic antibiotic, duration of antibiotics, duration of probiotics, operation, par-
enteral nutrition, duration of parenteral nutrition, gastric tube feeding.
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tection to NI. Gestational age older than 32 weeks group
was 72% less likely to get NI [OR 0.28 and p < 0.001].
However, after adjusted by all the significant background
factors in the univariate regression model and all health-
care procedure related factors, the association was not sig-
nificant. Females were 2% less likely to get NI than males,
but it was not striking [OR 0.98, p = 0.24]. Infant with con-
genital malformation had significant harmful effect on the
NI in both univariate and multivariate models. Congenital
malformation infant was about four times more likely to
get NI than the infant who was free from the disease. Birth
weight less than 2,000 g and multiple births also showed
harmful to NI. Only the multiple births founded signifi-
cant association after adjustment (Table 7).

Compared to the infants without operations, those in-
fants who underwent surgery were five times more likely
to get NI. The harmful effects were showed in both uni-
variate model and multivariate model. The infants with
gastric tubes and received vein or arterial catheters also
were significantly more likely to get NI than the controls
after adjusted by all the other factors [OR 3.27, p = 0.003]
(Table 8).

Duration of using probiotics showed protection to NI.
Infants who used probiotics longer were less likely to get
NI. The association was significant after adjustment [OR
0.88, p = 0.004]. Moreover, for the infants who received
intubation, the length of ventilation and the use of pro-
phylactic antibiotics showed to be harmful to NI, however
after adjusted the effects were not significant.

Nevertheless, some factors such as parenteral nutrition
and ventilation were harmful to NI in the univariate
model, then showed protection in multivariate model. Just
like those who had probiotics, the factor evened and then
went to the opposite direction after adjustment.

As some factors (e.g. using probiotics and receipt of
ventilation) showed inconsistent results with the univari-
ate model, the authors investigated the multi-collinearity
within the model by correlation table (Table 9). The score
of using probiotics and duration of using probiotics was -
0.743, meanwhile the score of intubation and ventilation
was - 0.568. Due to the absolute score of some factors in
the correlation matrix that was greater than 0.7, the au-
thors applied the forward conditional methods of the re-
gression model.

Independent factor related to NIs

Receipt of operation [OR 5.32, p < 0.001], with vein or
arterial catheter [OR 4.76, p < 0.001] and gastric tube
feeding [OR 3.88, p <0.001] and with congenital malfor-
mation [OR 4.43, p = 0.002], multiple births [OR 3.24, p
=0.003] had a higher risk to have NI. Gestational age >32
weeks [OR 0.35, p = 0.01], the length of using probiotics
[OR 0.88, p = 0.005], and length of using parenteral nu-
trition [OR 0.94, p = 0.008] were the protection factors of
NI (Table 10).

Table 10. — Independent factors for NI

Variables Adjusted  95% CI p value
OR (2-tailed)
Gestational age > 32 weeks 0.35 0.16-0.80  0.01
Congenital malformation 443 1.72-11.39  0.002
Twins or triplets 3.24 1.51-6.95  0.003
Duration of use
prophylactic antibiotics 113 1.06-1.20 - <0.001
Duration of parenteral nutrition ~ 0.94 0.90-0.99  0.008
Receipt of vein or arterial catheter 4.76 2.27-996  <0.001
Receipt of operation 5.32 2.30-12.30  <0.001
Receipt of gastric tube feeding 3.88 1.87-8.05  <0.001
Duration of probiotics 0.88 0.81-0.96  0.005
Discussion

The essential measure to NI control is to implement close
monitoring and to promote full awareness of the risk factors
of infection. To accurately measure the extent of NI is the
first step of controlling. There are many confounders which
influence the infection rate, such as different medical condi-
tions and the number of admissions. Effective confounder
control, more accurate measurement, and timely identifica-
tion of the patients at risk, as well as comparison with other
institutes are needed. Therefore in recent years, more and
more studies were done not only on incidence rate of infec-
tion, but also on incidence density and device-associated
healthcare-associated infection rate (DA-HAI rate) to meas-
ure NI. In the present study, the authors used all of these ways
to measure the extent of NI.

According to the present results, the NI rate of our NICU
was 6.2 episodes per 100 patients (95% CI, 6.0 - 6.4 episodes
per 100 patients). These were similar to the data from NICU
of other cities in China which infection rate varied from 7%
- 11.6% [7-9,13,14], and American countries and European
countries which varied from 6% - 40% [4, 15-17]. The pres-
ent incidence density was 4.2 episodes per 1,000 patient-days
(95% CI, 3.4-5.0 episodes per 1,000 patient-days) which was
lower than that from Asian countries such as Korea, in which
the incidence density was on average 15.1 infections per
1,000 patient days [18]. The wide range of infection rate was
due to the different kinds of patients in NICU, which could
be the percentage of preterm infants and the infants who re-
quired surgery among all patients admitted, because preterm
infants and post-surgical infants were more vulnerable. There
were about 10% - 16% of the patients admitted for surgery
and 50% - 60% were preterm births yearly in the present
NICU, hence the infection rate was relatively low. In the
meantime, the central line-associated bloodstream infection
rate and the ventilation associated pneumonia infection rate
were also lower than the data from International Infection
Control Consortium (INICC), which were 5.4 episodes per
1,000 central line days and 3.4 episodes per 1,000 MV days
versus 12.2 episodes per central line days and 9.0 episodes
per 1,000 MV days, respectively. The probable reasons were
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the low utilization of central line and ventilation. The pres-
ent central line utilization ratio (number of central line-days/
number of patient-days) [19] was about 11% and ventilation
utilization ratio (number of ventilator-days / number of pa-
tient-days) [19] was about 10%, which were much lower
than the data from INICC surveillance reports from 2003 to
2008, which were 25% and 13%, respectively [20]. Mean-
while, the present central line-associated bloodstream infec-
tion rate and the ventilation associated pneumonia infection
rate were also lower than the data from INICC, which were
5.4 episodes per 1,000 central line days and 3.4 episodes per
1,000 MV days versus 12.2 episodes per central line days
and 9.0 episodes per 1,000 MV days.

In the present study, pneumonia was the most common
type of infection, which accounted for 34% of all types of
infections. The result was consistent with a study from Bei-
jing and a study from Guangzhou [7, 21]. However, many
studies from other countries found that sepsis was the most
common type of infections [15, 22, 23]. One of the reasons
of the high incidence rate of pneumonia may be that its di-
agnosis was easy to confirm by the doctor. Pneumonia can be
diagnosed by tachypnea of the infants and the characteristic
manifestation of chest X ray, which were easily observed and
available. However, it was relatively difficult to diagnose
sepsis. Positive blood culture is still the golden standard of
sepsis diagnosis. Prophylactic antibiotics are commonly used
in neonates, especially preterm infants, and the small blood
sample increases false negative rate of the blood culture,
leading to missed diagnosis of sepsis. Some studies showed
high incidence of urinary tract infection [20, 24], but this
could not be confirmed by the present study. This could be
due to the low utility ratio of urinary catheter.

The first three pathogens of NI in the present study were
Klebsiella pneumonia, Pseudomonas aeruginosa, and Can-
dida albicans, and these three pathogens represented 55% of
all episodes of NIs. Some studies found that gram-positive
cocci caused the largest proportion of infection, including
Methicillin-resistant Staphylococcus aureus (MRSA), and
vancomycin-resistant enterococci [25]. A Japanese NI study
also showed that their pathogens were dominated by MRSA
[26]. However the study from Washington University
showed that the trend was changing over the past five years,
and the dominant bacteria in NI was gram-negative bacillus
[27]. The study was consistent with the present findings. The
bacterial type varied in different areas. However, the com-
mon feature was the development of multi —resistant bacte-
ria. Broad-spectrum antibiotics, use of dexamethasone, and
prolonged hospitalization were the risk factors of infection
[28,29]. The present study did not include the information of
drug sensitive tests. The present authors need to further ex-
plore on this in the future. Nosocomial fungal infection is a
great threat to infants, especially to the preterm infants with
devastating consequences [30]. After regular prophylactic
use of antifungal drugs to the VLBW infants with broad-
spectrum antibiotics, the incident rate is decreasing [31].

Few studies reported seasonal changes of NI in NICU. The
present study found no association between seasons and NI.
The possible reason may be the setting of the present NICU
is an isolation ward. Anyone that enters it must change their
clothes and shoes, and wear a cap and mask. Visitors and
parents are not allowed to go into the ward. Most of the pa-
tients were admitted at their first day of life. NICU is
equipped with central air purification. Meanwhile, all the in-
fants in NICU were under incubation, which provided a sta-
ble temperature and humidity environment. Hence there was
less chance to be infected from outside of the ward. A study
from the UK reported the seasonality of invasive Candida
infection in preterm low birth weight infants. They collected
in total 52 data over eight years and 73% of all cases devel-
oped infection during September to February [32]. Another
study in NICU of Guangzhou, China showed nosocomial in-
vasive fungal infection occurred in the Spring which was sta-
tistically significantly higher than that in other seasons (30).
One possible reason of the seasonal trend may be that not all
the NICU wards are isolated and the fungal conidia outside
could have an influence on the inside fungal conidia level
[33].

The present study showed that the birth weight and gesta-
tional age were inversely associated with NI. Many studies
found the same association with birth weight and gestational
age and the rate of NI. Lower birth weight and earlier gesta-
tional age increased the risk of NI [4,34,35]. The survey of
Vermont-Oxfort neonatal network on 36 NICU in the USA
found that the incidence of nosocomial sepsis in NICU was
26% in the infants with birth weight 501 g to 750 g; 22% in
infants birth weighing from 751 g to 1,000 g; 15% in infants
weighing 1,001 g to 1,250 g, and 8% in infants weighing
from1,251 g to 1,500 g [36]. A report of INICC surveillance
in 2002 showed the central line-associated bloodstream in-
fection rate in birth weight less than 1,000 g preterm infants
was 10.8 /1,000 central line days, the ventilation associated
pneumonia infection rate was 3.3 /1,000 MV days; the cen-
tral line-associated bloodstream infection rate in infants with
a birth weight from 1,001 g to 1,500 g was 6.4 / 1,000 cen-
tral line days, the ventilation associated pneumonia infection
rate was 2.5 / 1,000 MV days; the central line-associated
bloodstream infection rate in infants with birth weight from
1,501 g to 2,500 g was 4.1 / 1000 central line days, ventila-
tion associated pneumonia infection rate was 2.1/ 1,000 MV
days; the central line-associated bloodstream infection rate in
preterm infants with birth weight heavier than 2,500 g was
3.7/ 1,000 central line days, ventilation associated pneumo-
nia infection rate was 1.4 /1,000 MV days. Low birth weight
and early gestational age were indicators of the severity of
disease. However, the research also showed, in multivariate
analysis, that early gestational age was the independent risk
factor, rather than birth weight [37] and the present study had
the same conclusion.

Congenital malformation included digestive tract malfor-
mations, congenital heart diseases, and trauma in the present
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study, all of which accounted for circa 30% infants in the in-
fected group, and in the non-infected control group it only ac-
counted for 10% infants. The difference was significant.
After adjusting for all of the other variables, congenital mal-
formation had around a five-fold risk of NI as compared to
the infants without. Congenital malformation contributed to
the morbidity and mortality of neonates and infants. A study
revealed that gastrointestinal malformations were associated
with a mortality rate of 60.9% as compared with 21.1% in
those with central nervous system malformations [38]. Di-
gestive tract malformation accounted for around half of mal-
formation in the present study and most of them required
surgery. This may partly explain why congenital malforma-
tion infants had much higher risk to NI

A study found perinatal mortality in twins that was much
higher than singletons, which was five times more than sin-
gletons. The incidence of malformation in twins was three
times as compared to former singletons [39]. Birth weight of
multiple birth babies was smaller than the singletons. The
need to share the nutrition in the uterus, makes them weaker
than singletons. The present result showed that twins or
triplets had a three-fold risk of NI compared to singletons,
even after adjusting for birth weight and gestational age.

In order to provide nutrition and medicine to severely ill
infants, UVC or PICC are often needed. However, intravas-
cular interventions were associated with blood stream infec-
tion [37]. Central line catheter and the length of catheter were
the main risks of NI for neonates, especially for VLBW in-
fants [10, 40]. The present study results contributed more ev-
idence. A study showed that more than five days” UVC
increased the risk of sepsis at least 21 times [40]. Another
study found that when duration of PICC in situ was more than
nine days, the risk of PICC infection increased three times
[41]. Many central line associated infections were caused by
Staphylococcus or other pathogens colonized in the skin
around catheter. The colonized pathogens could migrate into
the blood stream and cause sepsis [10]. A study found that in
infants with birth weight less than 1,000 g, because of bacte-
rial colonization in the catheter, taking a blood sample from
the central line was one of the risk factors of central line re-
lated infection. On the other hand, using heparin and catheter
disinfection were protecting factors [42]. The present study
result was consistent with this. The present infants with cen-
tral line catheter had circa a four-fold risk to get infection
compared to those without the catheter.

Some studies showed that parenteral nutrition was a risk
factor of nosocomial sepsis in preterm infants [40,43]. How-
ever in the present study, parenteral nutrition showed minor
protective effect on NI (OR=0.94, p = 0.008). Around 45%
of patients only received lipid free parenteral nutrition in the
present study. Some studies only focused on patients re-
ceived lipid containing parenteral nutrition [43]. Research
has shown that intralipid increased mycethemia and bac-
teremia caused by malassezia species and coagulase nega-
tive staphylococci [23]. So the possible reason may be due to

the different components of the parenteral nutrition. On the
other hand, parenteral nutrition provided the energy and pro-
tein to the infants who were severely ill or preterm as they
had insufficient intakes. Sufficient nutritional support was
important to improve perinatal and long-term outcomes [44].
According to the present study, parenteral nutrition showed
some increased risk of NI in the univariate model and this
may be due to the close correction of low birth weight and
small gestational age. After adjusting for these factors in mul-
tivariate model, parenteral nutrition became protective.

The present authors observed that receipt of gastric tube
was an independent risk factor of NI in NICU (OR 3.88, p <
0.001), which concurred with previous studies [45]. Using
gastric tube might directly damage the gastric mucosa, which
was a barrier against infection [46]. Continuous tube feed-
ings also weaken the acid barrier function of the stomach
by increasing gastric acidity levels [9]. Repeating insertion
was very common in NICU, due to difficulty of fixing the
orogastric tube. Research found that there were some condi-
tional pathogenic bacteria, such as staphylococcus epider-
midis colonized in the nasopharynx and skin of 78% of
infants after two weeks’ admission. Transmission of the bac-
teria in NICU also occurred by the hands of healthcare staff.
A study showed a significant relationship between acquisi-
tion of bacteria by patients and oropharyngeal and health-
care instrumentation, including the use of suctioning, and use
of gastric feeding tubes [46].

Bacterial colonization is a precursor to NI. The bacterial
colonization rate indicates the risk of occurrence of bacter-
ial the infection of the bacterial in NICU. Severe diseases of
the newborn and the widespread use of antibiotics in NICU
result in conditional pathogenic bacteria colonization in the
body. Lactic acid bacteria and bifidobacteria are the normal
colonization bacteria, which inhibit the growth of aerobic
and facultative anaerobic bacteria, and ultimately
achieve the balance of the intestinal flora. There was evi-
dence showing the benefit of enteral probiotics to severe
necrotizing enterocolitis (NEC) in VLBW infants [47]. A
meta-analysis studied on the prophylactic use of enteral pro-
biotics in prevent antibiotic-associated diarrhea showed the
prophylactic use of probiotics reduced the risk of antibiotic-
associated diarrhea in neonates (OR=0.28, 95% CI=0.20-
0.38). The present study also found that the duration of using
prophylactic enteral probiotics was associated with a reduced
risk of NI (OR= 0.88, p = 0.005). The longer duration of
using prophylactic enteral probiotics, the infants in NICU
were less likely to develop NI. Future studies should also
focus on the duration of use to guide clinical applications.

According to the present study, the proportion of prophy-
lactic use of antibiotic in NI infants (90%) were more than
that of non-infected infants (70%), and the mean length of
using antibiotics (8.7 £ 6.9 days) in infected infants was
longer than non-infected infants (4.5 = 4.8 days), and the dif-
ference was significant. After adjusting for the background
factors and healthcare procedures related factors, prophy-
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lactic use of antibiotics showed a slightly harmful effect of
NI (OR 1.13, p <0.001). The prevalence of prophylactic of
antibiotics use was relatively high in the present NICU com-
pared to a general hospital in US, the use of antibiotics in
premature infants was much higher, which was 60% in sub-
urban hospital and 43% in the inner city hospital [48]. Such
comparison may not be so fair, because of the different com-
position of patients and healthcare policy. The present hos-
pital included infants requiring surgery and the proportion of
preterm infants was relatively high. Although there was bi-
ological justification to apply prophylactic antibiotics to
preterm infants and infants with invasive intervention, there
was no evidence that it could improve the overall mortality
of preterm infants at present [49]. A study found that prior
use of third-generation cephalosporin was a risk factor for
ESBL-producing E. coli or K. pneumonia infection [50]. The
present study showed the duration of use prophylactic an-
tibiotics had some harm effect on NI. More researches are
needed to evaluate the duration and timing of prophylactic
antibiotic use.

The present authors observed that the infants undergoing
surgery were five times as likely to get NI in NICU com-
pared to the infants who did not need it. Surgery destroys the
integrity of the skin, and foreign bodies, such as drainage,
can let pathogens invade into the body more easily. Because
of the defects in inherent immunity, and neutrophil activa-
tion, preterm infants were more susceptible than older in-
fants. Infants after surgery may have decreased feeding,
which worse the situation. The infants who required surgery
were often in serious condition and needed to spend more
time in hospital. Hence they had more chance to have inva-
sive intervention. The site of surgery, the duration, and the
environment of the operating room had an influence on the
risk of infection. A retrospective study showed that skin
preparation, urinary catheter, and procedure duration were
risk factors of surgical site infection (SSI) [51].

Conclusion

NI rate of NICU has been increasing in the past decade,
which is related to higher morbidity and mortality, prolonged
hospital stay and increased hospitalization expenses [3]. A
multicenter prospective cohort study found that the mortal-
ity of neonates with NI was five-fold as neonates without in-
fection [22]. As the present study showed that the NIs in
NICU are associated not only with intrinsic factors but also
to factors related to the healthcare procedures. Hence, to re-
duce the NI rate depends on enhancing the healthcare level.

The present study is one of the few studies comprehen-
sively assessing the risk factors associated with NIs of NICU
in China. The findings of the study could provide a better
understanding in the epidemiology of NI in NICU in China,
and the relevant evidence for prevention strategies.

The present study identified the infection rate of NI in a
NICU of Guangzhou, China. Gestational age < 32 weeks,

congenital malformation, twins or triplets, gastric tube feed-
ing, surgical operation, duration of prophylaxis antibiotic
use, duration of probiotic use, and duration of parenteral nu-
trition were the risk or protective factors associated with NI
in NICU. Multicenter prospective study may be conducted
in the future to investigate specific risk factors on different
birth weight or gestational age of China. The present study
also provided information for the prevention strategies of
NIs and may improve the healthcare service level.
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