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Abstract. Three years’ data were analysed to assess the risk factors for neonatal Klebsiella septicemia in
Srinagarind Hospital. The incidence of Klebsiella septicemia was 4.1 per 1,000 livebirths or 5.2 per 100
discharged infants, Eighty-two per centof infected cases were low birth weight infants and 67.7% were born
prematurely. From multivariate analysis, the risk factors were endotracheal intubation (OR 31.57, 95% CI
289-343.82) and central venous catheterization (OR 16.99,95% CI 1.15-250.37). The overall mortality rate

was 67.7%.

Periodic review and continuous reinforcement of infection control policies in the neonatal unit are of
paramount importance to decrease the incidence of nosocomial infection and successful controf of outbreaks

as well.

INTRODUCTION

Neonatal septicemia has been recognized as a
major problem in the neonatal intensive care unit.
During the past decade, infection by gram negative
bacilli such as E. coli and Klebsiella species has
been a problem. More recently, although staphylo-
coccal infection has become the most important
problem in modern intensive care units in devel-
oped countries (Donowitz et al, 1987; Sidebottom
et al, 1988; Freemen et al, 1990), gram negative
bacilli still remain the common pathogens in the
high risk neonatal intensive care unit, especially in
developing countries. Most of the reported out-
breaks of gram negative bacilli infections were due
to Klebsiella species (Hable et al, 1972; Mayhall et
al 1980; McKee et al, 1982; Saravolatz et al, 1984),
and a majority of the infants had gastrointestinal
(GI) colonization. A common source is usually not
found and colonized infants serve as reservoirs
during such outbreaks.

In the neonatal unit of Srinagarind Hospital, we
encountered several outbreaks of Klebsiella septi-
cemia during the 3-year period from 1987 to 1989.
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A crowded intensive care environment, a shortage
of nursing staff and invasive procedures seemed to
influence the infection rate. We therefore carried
out this study to determine the risk factors for
neonatal Klebsiella septicemia.

MATERIALS AND METHODS

A retrospective case controlled study was done
to identify the risk factors for Klebsiella septi-
cemia. Hospital records of the patients who were
admitted to the neonatal unit from January 1, 1987
to December 31, 1989 were analysed.

A case was defined as an infant from whom
Klebsiella was isolated from blood with signs and
symptoms of systemic illness. One control for each
septicemic case was non infectious patient and was
selected from those who were admitted during the
14-day period immediately preceeding the bac-
teremic date by using random table. Data from
medical records of each patient included age, sex,
race, date of birth, birth weight (BW), gestational
age (GA), place of birth, mode of delivery. Apgar
score, prenatal complications, underlying diseases,
Klebsiella colonization and also endotracheal (ET)
intubation, intravenous catheterization and paren-
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teral nutrition. Blood components such as fresh
frozen plasma, packed red cells, whole blood, and
medications including furosemide, phenobarbital
and theophylline given were also recorded. The
hospital background was mentioned previously
(Pengsaa et al, 1993).

Statistical methods

Differences between variables were analysed by
chi-square and the student’s t test was used to
compare the means of continuous variables. Man-
tel-Haenszel chi-square test was used in univariate
analysis. The risk factors were obtained from
multivariate analysis (conditional stepwise logistic
regression) using SPSS statistical package.

RESULTS

During the study period from 1987 to 1989,
there were 11,255 liveborn infants in the hospital
and 1,717 newborn infants were discharged from
the neonatal unit. There were 90 cases of Klebsiella
septicemia, giving an incidence of 4.1/1,000
livebirths and infection rate of 5.25% of discharged
cases. The medical records of 28 cases were lost, so
only 62 cases of Klebsiella septicema were studied
(Table 1). The male : female ratio was 1: 1.3 and
the inborn : outborn infant ratio was 1 : 1.2. Fifty-
one cases (82.3%) were low birth weight and 42
cases (67.7%) were less than 37 weeks gestational
age. Thirty-three per cent had perinatal asphyxia
and 59.7% had prenatal abnormal conditions, such

as maternal fever and premature rupture of mem-
brane for more than 24 hours. Lethargy and thermal
instability were the most common signs and symp-
toms of Klebsiella septicemia.

Table 2 shows the characteristics of the study
group compared to control group.

From univariate analysis, birth weight < 1,500
g, gestational age < 37 weeks, outborn patients,
Apgarscore at 1 minute <7, endotracheal intubation,
central venous catheterization, parenteral nutrition,
surgery, blood components transfusion, theophyl-
line and furosemide administration and also respi-
ratory problems and severe congenital anomalies
which need surgery were the risk factors for
Klebsiella septicemia when compare to control
group (Table 3). After multivariate analysis (con-
ditional stepwise logistic regression), the risk fac-
tors for Klebsiella septicemia were only endotra-
cheal intubation and central venous catheterization
as demonstrated in Table 4.

DISCUSSION

The prevalence rate of nosocomial infection in
Thailand is 11.7% and is highest in regional hospi-
tals and most common in intensive care units (Dan-
chaivijitr and Chokloikaew, 1989). The neonatal
unit of Srinagarind Hospital experienced repeated
outbreaks of Klebsiella septicemia from 1987 to
1989. During this period, nosocomial infection was
also demonstrated in other wards in the hospital.

Table 2

Characteristics of infants with Klebsiella

Table 1 . .
septicemia and control group.
Baseline data of infants with Klebsiella
septicemia.
Study Control
(n=62) (n=62)
No. (%)
Birth weight (g)
Total study cases 62 mean + SD 1,799 + 701 2,768 + 682
Male: Female=1:1.3 range 650-3,900 1,080-4,240
Inborn : Outborn =1: 1.2 Gestational age (wk)
Birth weight < 2,500 g 51 (82.3) mean + SD 33+4 38+2
Gestational age < 37 weeks 42 (67.7) range 26-42 31-42
Apgar score < 7 at 1 minute 20 (33.3) Male : Female 1:1.3 1:0.8
Abnormal prenatal conditions 37 (59.7) Inborn : Outborn 1:1.2 1:02
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Table 3

Univariate analysis of variables in matched case-control.

Variables A B p value Odds ratio 95% CI
Birth weight (< 1,500 g) 22 0 < 0.001 NC
Gestational age (< 37 weeks) 35 3 < 0.001 11.67 3.59-61.45
Place of birth (outborn) 28 4 < 0.001 7.00 2.46-28.90
Apgar score 1 minute <7 16 4 < 0.01 4.00 1.34-16.71
Endotracheal intubation 49 1 < 0.001 49.00 6.77-836.86
Central venous catheterization 38 3 < 0.001 12.67 3.91-66.66
Parenteral nutrition 39 0 < 0.001 NC
Surgery 17 2 < 0.001 8.50 1.96-67.20
Blood components transfusion 36 5 < 0.001 7.20 2.83-25.02
Drug therapy

Theophylline 14 0 < 0.001 NC

Furosemide 17 0 < 0.001 NC
Diagnosis

Respiratory problems 31 1 < 0.001 31.00 4.23-530.41

Severe congenital anomalies 21 5 < 0.00! 4.20 1.58-14.76

A = Matched set with exposed variable in case and non-exposed variable in control
B = Matched set with non-exposed variable in case and exposed variable in control

NV = Not calculable, denominator of O

Table 4

Risk factors associated with Klebsiella
septicemia in study group compare to control

group.
Variable 0Odds ratio 95% CI
Endotracheal intubation 31.57* 2.89-343.82
Central venous catheterization 16.99** 1.15-250.37
* p<0.01
#* 5 <0.05

Nosocomial infections caused by the Klebsiella
species were found in 17.2% of all nosocomial
infections in Srinagarind Hospital in the years 1987-
1988 (Sithikesorn et al, 1989).

The rate of neonatal Klebsiella septicemia was
5.2% during this three-year period. Forty-two of
the 62 studied cases of neonatal Klebsiella septi-
cemia died, an overall mortality rate was 67.7% .
For the risk factors, after multivariate analysis by
conditional stepwise logistic regression, only two
variables had statistical significance : endotracheal
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intubation (odds ratio 31.57, 95% CI 2.89-343.82)
and central venous catheterization (oddsratio 16.99,
95% CI 1.15-250.37).

In the study of one crowded neonatal intensive
care unit (Goldman et al, 1981) the risk of nosoco-
mial infection was inversely correlated with birth
weight, witha 3% increase in the risk of nosocomial
infection for every 500/g decrease in birth weight.
The risk of nosocomial infection was also associ-
ated with patient ductus arteriosus (PDA), surgery
(ligation of PDA) and multiple supportive meas-
ures such as endotracheal intubation, hyperalimen-
tation and lipid therapy. In a case-control study
(McKee et al, 1982), using of the central venous
catheter was a risk factor for a multiple resistant
Klebsiella pneumoniae epidemic (p < 0.01).

In the previous studies,Klebsiella species were
found not only in the GI tract (McKee et al, 1982;
Saravolatz et al, 1984; Chugh ef al, 1985; Denny et
al, 1986) but also on the skin, pharynx, umbilicus,
genitalia and external ear canal of the patients
(Chugh et al, 1985; Eriksson et al, 1982: Ostfeld et
al, 1983). Bacterial colonization was reported to
increase with hospitalization (Chugh et al, 1985;
Casewell and Phillips, 1977), antimicrobial therapy
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and the level of patient care required (Casewell and
Phillips, 1977). The incidence of Klebsiella colo-
nization of the hands of hospital personnel varied
from 17.67% (Casewell and Phillips, 1977; Mayhall
et al, 1980; McKee et al, 1982; Chugh et al, 1985;
Denny et al, 1986).

Positive cultures of Klebsiella pneumoniae were
also taken from ward environments such as ward
surfaces, sinks and incubators (Mayhall et a/, 1980;
Chugh et al, 1985). The first documentation of
nosocomial bacteremia as a major infectious com-
plication of feeding of premature infants with con-
taminated breast milk was reported (Donowitz et
al, 1981). The report of an epidemic of necrotizing
enterocolitis in Srinagarind Hospital (Kosuwon et
al, 1990) found no statistically significant differ-
ence in possible risk factors but Klebsiella coloni-
zation was demonstrated in sampled cultures of
feeding formula and intravenous infusion fluid.

The reservoir of this virulent organism was most
probably the G-I tract of colonized infants with
subsequent colonization of the hands of nursing
staff over a short period preceeding the outbreak
(Casewell etal, 1977, Weinstein 1980; Denny et al,
1986).

It was noted that multiple incorrect techniques
in nursing care could account for inoculation of the
pathogens to the oropharynx and upper G-I tract by
nursing staff, the hypothesis was supported by re-
covery of gentamicin resistant Klebsiella pneumo-
niae from culture of nasopharynx and gastric aspi-
rate during the first and second outbreak (Mayhall
et al, 1980).

As for the risk factors for Klebsiella septicemia
in this study, it can be concluded that the high risk
infants who needed intensive care management
might have acquired Klebsiella species from the
other infants and from inanimate environments.
Awareness of these high risk infants by emphasiz-
ing cross-infection control measures, prompt iden-
tification and isolation of colonized and infected
infants will help in successful control of such out-
breaks.
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