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ABSTRACT We report our study to determine factors associated with increased noso-
comial infections in neonates hospitalized in NICU, from January until Decemnber, 1992,
A total number of 116 infants were studied, 68 (58.6%) of them were male, and 101
(87.1%) were less than 6 days old. Forty six infants (39.8%) had a birth weight of < 1500
g 27 (23.3%) between 1500-1999 g, 14 (12.1%) between 2000-2499 g, 27 (23.2%)
>2500 g, and 2 (1.7%) were unknown. A total number of 64 infants (55.2%) had more
than 1 infections, yielding 103 episodes of infection, giving an incidence of 88.8% infec-
tion rate, The significant risk factor for nosocornial infections was length of hospital stay.
Age, birth weight, gestational age, APGAR scores, use of nascgastric tube or intravenous
line, were not statistically significant risk factors, Use of nasogastric tube was associated
with increased nosocomial gastreenteritis, compared with use of intravenous lines. [Pae-

diatr Indones 1994; 34:48-56]

Introduction

Neonates, particularly preterm infants,
are highly susceptible to infection due to
the limited competence in their immuno-
logical system.”® Neonates appear not
only to be at a high risk for infection but
also to have more severe disease when
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compared with older babies.” Nosocomial
infections are relatively uncommon in
normal, fullterm infants; the rate ranges
from 0.5 to 1.7%. In contrast, the rates of
infection among low birth weight infants
in neonatal intensive care units are high-
er than in any other unit in the hospital.®
Hemming et al.® studied 904 infants and
found nosocomial infection in 15 3% of
the infants.® The rates of nosocomial in-
fection in such infants vary from 5%
25%* and 20%-30%*> and increase with
the increase of length of hospitalization.
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The development of neonatal intensive
care units has reduced the mortality of
sick infants; on the other hand, it also
introduces devices and techniques for
diagnostic and therapeutic purposes
with their potential complications.”

Infants with birth weight of less than
1500 g are susceptible to infection. Gold-
man et al. studied nosocomial infections
in the NICU of the Children's Hospital
Medical Center, Boston, and found that
there was an increased risk of infection
associated with low birth weight, patent
ductus arteriosus, surgery, and multiple
invasive supportive procedures.®

The purpose of this study was to de-
termine risk factors for the occurrence of
nosocomial infections according to site of
infections in the neonatal intensive care

unit setting.

Methods

The study was performed on babies ad-
mitted to the NICU at the Department of
Child Health, Medical School, Padjadjar-
an University-Hasan Sadikin Hospital,
from January 1 to December 31, 1992,
who developed nosocomial infection.

All medical records were studied care-
fully; information collected included age,
sex, birth weight, gestational age, Apgar

| score at 1 and 5 minutes, feeding pattern
(ie., breast milk, artificial milk, nasogas-

| tric tube, intravenous lines), date of ad-

\ mission, date of discharge, diagnosis,
and mortality.

Data of nosocomial infections accord-
| ing to site of infections and risk factors
| which influence the occurrence of nosoc-
| omial infections were documented. Risk
| factors studied were age, birth weight,

|
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gestational age, Apgar score at 1 and 5
minutes, length of hospital stay, and
feeding pattern (nasogastric tube or in-
travenous lines).

The definition for nosocomial infection
in this study followed those of CDC.” The
data was managed using program SPSS-
PC version 3.0. Statistical analyses were
performed using chi-square, Odds ratio,
and multiple logistic regression analysis.

Results

There were 116 babies admitted to the
NICU during the study period. Their cha-
racteritics are depicted in Tables 1 and 2.

Site of Infections

Blood (bacteremia) was the most fre-
quent site of nosocomial infections, i.e.,
33.0%, followed by gastrointestinal tract
(31.1%9), skin (22.2%), lower respiratory
tract (4.9%), postoperative wound (179

and others 7:8% (stomatitis, omphalitis,
and conj "cg'vitis]." Phlebitis was the
most frequent e of nosocomial skin
infections on the head.

The most frequently isolated microor-
ganism from the blood was Klebsiella
spedes detected in 22 infants (64.7%),
followed by Pseudomonas species in 7
(20.6%9, Staphylococcus albusin 3 (8.879
and E. intermediusin 2 infants (5.9%).

Risk Factors

Of total number of 116 infants hospital-
ized in the NICU, 64 infants (55.2%) ac-
quired nosocomial infections with 103
episodes of infection, giving an incidence
of 88.8% nosocomial infection rate.
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The association between risk factors
and nosocomial infections is depicted in
Table 3. The influencing risk factors for
nosocomial infections in this study was
the hospital stay (p=0.00001). The longer
the hospital stay, the higher the number
of nosocomial infections. Other risk fac-
tors did not give significant association.
Nasogastric tube feeding increased the
risk of nosocomial gastroenteritis com-
pared to intravenous lines (p=0.001).

Of 64 infants with nosocomial infec-
tions, 35 infants (54.7%) showed 1 epi-
sode, while 21 (32.8%), 6 (9.4%9, and 2
(3.1%9 infants were found to have 2, 3,
and 4 episodes of nosocomial infection,
respectively. When infants with nosoco-
mial infections were further subdivided
into 1 and >2 episodes, it became more
clear that those risk factors failed to give
any statistically significant association
(Table 4). Further analysis was done with
cross tabulation between infants with
and without nosocomial infections
among the influencing risk factors with
birth weight and gestational age as con-
Sfounding factors (Table 5 and 6).

Mortality

The mortality of the infants with and
without nosocomial infections did not
different significantly (Table 7). This may
be caused by the severe underlying dis-
ease of the infa 1its.

Discussion

Nosocomial infections result in consider-
able morbidity and mortality, prolonga-
tion of hospitalization, and increase in
indirect and direct patient care expendit-

Table 1. Age and sex distribution of 116 infani
studied

Age (days) Total
SEX 0-6 >6
n % n % N %
Boy 60 517 8 6.9 68 586
Girl 41 354 7 6.0 48 414
Total 101 871 15 129 116 100.0

Table 2. Characteristics of 116 infants studied ac-
cording to age and birth weight

Age (days)
Birth Weight 0-6 >6 Total
(grams) n % n % n %
<1500 46 398 0 - 46 398

1500-1999 22 189 5 43 27 232
2000-2499 11 95 3 26 14 121

> 2500 22 189 § 43 27 232
Unknown 0 - 2 17 2 1.7
Total 101 871 15 129 116 100.0

ures.” The high morbidity and mortality
rates of nosocomial infection constitute a
serious problem, especially in developing
coantries. The highest nosocomial infec-
tion rates are reported to occur in neona-
tal and pediatric intensive care units.

Age

In general, nosocomial infections are
more severe in very young and old pa-
tients. Milliken et al. found that patients
less than 2 years old, particularly those
between 7 and 30 days of age had the
highest rate of infection." In neonates,
low gestational age (prematurity) has
been shown to predispose to nosocomial
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Table3. Association between the influencing risk factors for‘nosocomial infections
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Risk Factors

Nosocomial infection

Statistical value

Yes No P OR 95%ClI
n=64 n=52
1.8ex Boy 38 30 1.00 1.07 0.51-2.25
Girl 26 22
2.Age (days) 0-6 56 45 1.00 1.09 0.37-2.23
>6 8 7
3. BW(g) <1500 24 22 0.26 1.00
1500-1999 13 15 0.79 0.28-2.26
2000-2499 1 3 3.36 0.72-17.64
> 2500 15 12 1.15 0.40-3.32
Unknown 1 0
4. ASmin1: 03 19 1 0.41 1.00
4-6 9 13 1.1 0.27-4.58
>7 4 13 0.42 0.08-2.07
Unknown 32 25
ASmin5 03 4 1 0.46 1.00
46 15 13 0.29 0.01-3.47
>7 13 13 0.25 0.01-3.05
Unknown 32 25
5. Feeding pattern 33 20 0.2 1 0.81-3
NGT+IVFD 2 .70 .58
1 VFD 3 22
6. Length of stay (days)
0-6 20 41 <0.0001 1
7-13 20 7 5.86 1.93-18.43
4-20 12 2 12.3 2.25-88.51
>21 12 2 12.3 2.25-88.51
Me 1 3
X (SD) 15.2 46
(13.8) (5.3)

OR=0dds ratio; Cl=Confidence intervals; SD= standard deviation, Me=Median; X=Mean
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Table 4. Characteristics of 64 infants with nosocomial infection according to 1 and > 2 episodes of infection.

Characteristics No of Nosoco- Statistical value
mial infection
episode
1 >2 p OR (o]]
(n=35) (n=29)
1. Sex
Boy 21 17 1 1.06 0.39-2.88
Girl 14 12
2. Ages (days)
0-6 32 24 05 222 0.48-10.22
>6 3 5
3. Birth Weight (g)
<1500 16 8 0.25 1
1500-1999 6 7 043 0.88-2.09
2000-2499 6 5 0.6 0.11-3.24
> 2500 7 8 0.4 0.09-1.98
Unknown 0 1
4. AS 1 min
0-3 10 0.08 1
46 1.8 0.27-12.94
>6 0 0.00-1.90
AS 5 min
0-3 0.93 1
46 1.14 0.08-16.44
>6 7 0.86 0.06-12.93
5. Feeding pattern
NGT (+IVFD) 14 19 0.74 0.35 0.12-0.97
IVFD 21 10
6. Length of stay (d)
0-6 14 0.39 1
7-13 10 10 043 0.09-1.87
14-20 5 0.31 0.05-1.71
>21 6 6 0.43 0.07-2.37

Table 5. Cross tabulation between infants with and
without nosocomial infection among the risk factors
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with birth weight as a confounding factor
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Table 6. Cross tabulation between infants with and
without nosocomial infection among the risk factors
with gestational age as a confounding factor.

Risk Birth Nosocomial Statistical Risk Gestation- Nosocomial Statistical
Factors Weight infection Value Factors al age Infection Value
@am) oo e (Weeks) Ves  No
n=64 n=52 n=55 n=43

;‘Ee- (days) Age (days)

0-6 < 2000 33 35 x*=4.86 0-6 28-32 23 14 x%=1.09
2000+ 23 10 33+ 26 23

>6 <2000 4 1 x*=978 >6 28-32 4 x*=12.00
2000+ 7 6 p=0.02 33+ 2

Feeding Feeding

pattern pattern

NGT+IVFD <2000 7 x2=223 NGT +IVFD 28-32 16 3 x*=853
2000+ p=0.26 33+ 13 14 p=0.07

IVFD < 2000 22 28 x*=4.32 IVFD 28-32 11 11 x%=0.22
2000+ 14 12 p=0.23 33+ 15 15

AS 1 min AS 1 min

'0-3 < 2000 12 13 x?*=6.05 0-3 28-32 6 3 x’=1.66
2000+ 33+ 8 6

4-6 < 2000 7 3 x*=2.86 4-6 28-32 4 2 x%=637
2000+ 2 3 33+ 4 4

>7 < 2000 2 6 x%=3.89 >7 38-32 3 3 x*=451
2000+ 2 4 33-34 1 5

AS 5 min AS 5 min

0-3 < 2000 0 x*=1.87 0-3 28-32 2 0 x2=5.00
2000+ 33+ 2 1

46 < 2000 10 13 x*=6.69 4-6 28-32 4 3 x2=395
2000+ 33+ 4 5

>7 < 2000 x*=2.67 >7 28-32 7 3 x2=6.34
2000+ 4 33+ 6 7
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Table 7. Distribution of mortality of the infants with
and without nosocomial infection

Nosocomial n Died Survived
infection (%) (%)
Yes 64 45 19
(70.3) (19.7)
No 52 36 16
(69.2) (20.8)

X?=0.00;df=1; p=1.00

infections, where as those infants with
risk factors need an intensive care and
monitoring,*>* In this study, infant's age
and gestational age failed to show signifi-
cant influence on nosocomial infection.

Birth weight

Birth weight is an important determinant
of infection risk. An inverse relationship
between birth weight and risk of nosoco-
mial infection has been proposed; 9% of
infants weighing 2500 g or more devel-
oped infection compared with 46% of in-
fants weighing less than 1000 g.° Gold-
mann estimates that the risk of acquir-
ing nosocomial infection increases 3%
for every 500 g decrement of birth
weight.’? Baley pointed the improved sur-
vival of very low birth-weight infants who
required prolonged hospitalization and
many invasive procedures, but increases
the risk for nosocomial illnesses.” Boe-
djang" found nosocomial infection rates
in infants weighing < 2500 g and > 2500
g of 7.5% and 6.5%, respectively and

Garna® found that nosocomial infection
rates in infants weighing <1500 g and
>2500 g were 29.9% end 7%, respec-

tively.®

Our data showed that there was no
significant difference of nosocomial infec-
tion rate between infants less than 1500
g and those of 1500 g or more. The same
was true for infants of less than 2500 g
compared to those of 2500 g or more.

Hospital stay

The infection rates also correlate with the
length of hospitalization,” since patients
who are hospitalized longer would have
more chances to expose with the offend-
ing microorganisms. Nosocomial infec-
tion usually occur after 1-2 weeks of
hospitalization,'"' * Garna found the inci-
dence of nosocomial infections rose with
the increase of length of hospitalization,
from 3.2% in patients hospitalized for up
to 6 days, to 48.4% in patients hospital-
ized for 35 days or longer.”® Our data re-
confirmed those previous findings.

Apgar score at 1 minute and 5 minutes

When infants with Apgar score of 0-3
(severe asphyxia), and 4-6 (mild-mode-
rate asphyxia) were grouped together
and compared to those with Apgar score
of nore than 7, there was no statistically
different in the rate of nosocomial infec-
tion. Similarly, there was no significant
difference on the occurrence of nosoco-
mial infection in infants with asphyxia
and in those without asphyxia.

Feeding pattern

There is evidence to believe that use of
artificial milk increases the risk of noso-
comial gastroenteritis. Epidemiological
studies have found that breastfed babies

4
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have lower incidence of both morbidity
and mortality from infectious illness than
do bottle-fed infants.” This reconfirms
previous statements that human milk
protects the infants against bacterial, vi-
ral, and mycoplasma infections. This
protection continues throughout the lac-
tation period. It has been established
that secretory IgA is found in human
milk especially in colostrum; both T and
B lymphocytes have also been demon-
strated to present in breast mik.’* The
risk for nosocomial gastroenteritis in in-
fants with artificial milk is 210 greater
than in infants with breast milk."

We were unable to determine the role
of breast milk in protecting nosocomial
infection since no such data are found in
the medical record. However we found a
significantly higher percentage of noso-
comial gastroenteritis in patients using
nasogastric tube compared with those
receiving intravenous line.

Mortality

The mortality of the infants with and
without nosocomial infections in this
study was not statistically significant dif-
ferent. This is may be caused by the se-
vere underlying disease of the infants.

Conclusions

We found a high incidence of nosocomial
infection in neonates hospitalized in the
NICU. The most important risk factor for
nosocomial infection was tlength of hos-
pital stay; the longer the hospital stay,
the higher the number of nosocomial in-
fection. Other factors studied, i.e., age,
gestational age, birth weight, and Apgar

score showed no significant association
with nosocomial infection. Nasogastric
tube was associated with the increase
incidence of nosocomial gastroenteritis
compared with use of intravenous fluid.
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