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Abstract

Background: Nosocomial infections (NIs) have a serious impact on patient outcomes in Intensive Care Units (ICUs).

Method: A prospective cohort-targeted comprehensive surveillance study on NI associated with usage of devices was conducted in three
ICUs in Malaysia using a developed NI surveillance form. Patients who developed infection outside an ICU were excluded from the study.
Results: The device associated NI was 21.1%. The mean duration for development of NI was 10.0 + 7.44 days in ICU. The major device-
associated infections were nosocomial pneumonia (18.7%) followed by bacteremia (8.5%) and urinary tract infections (4.7%) respectively.
NI incidence density rate was 20.6 per 1,000 patient-days. Bacteremia, urinary tract infection (UTI) and nosocomial pneumonia (NP) rates
were 8.9, 4.7 and 20.5 per 1,000 patient-days, respectively. Acinetobacter species, Klebseilla pneumoniae, Pseudomonas aeruginosa and
Methicillin-resistant Staphylococcus aureus were the predominant pathogens isolated from the Nls subjects during the study period in the
three ICUs.

Conclusion: Analysis of the rate of the NIs associated with usage of devices in the three ICUs showed that it is highly correlated with the use
of mechanical ventilation devices, followed by intravascular devices and usage of indwelling urinary catheters.
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Introduction

Nosocomial infections (NIs) in intensive care units
(ICUs) are primarily device-associated infections
caused by opportunistic organisms. Nosocomial
infection is a major cause for concern in Malaysia and
worldwide [1,2,3,6,20,21,22] with increasing morbidity
and mortality. The rates of NIs vary widely among
different countries and regions of the world [21,22].
The reporting of Nls is influenced by factors such as the
efficiency of data collection, criteria for defining ICU
NIs, surveillance systems, and tools used for
interpretation of results and others.

A number of local studies have been conducted in
the hospitals in Malaysia [1,6,9,13]. However, these
studies are encumbered with different designs for data
collection such as sampling method; inclusion and
exclusion criteria; inaccessibility to details on various
parameters; variation in the definition of Nls; different
layout of units and suitable facilities; and inadequately
trained staff with varying degrees of experience. These

variances resulted in the observation of different risk
factors and rates in Malaysia which were dependent on
the individual hospitals and their own practices,
policies, number of beds to staff ratio, and unique
floras. These factors contributed to the gap that exists in
the reporting of ICU NI rates in Malaysia. A
surveillance protocol with well-defined criteria was
developed for this study, in which ICU NI rates
associated with usage of medical devices in adult ICUs
were evaluated.

Materials and Methods
Study Design

A prospective cohort-targeted comprehensive
surveillance study was conducted using modified daily
NI surveillance forms associated with usage of devices
in adult ICUs of three major hospitals in Malaysia. The
number of ICU beds at these hospitals varied from six
to sixteen. No nosocomial epidemic occurred during the
study period.
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Subject and sample size

Three hundred and sixty four (n=364) Malaysian
patients admitted to ICU within a period of thirty
months (910 days) were reviewed in the hospitals. The
patients who participated in the study were between the
ages of 18 to 80 years at time of admission during the
study period of October 2003 until March, 2006. All
patients were on the three devices, i.e., mechanical
ventilation devices, indwelling urinary catheters, and
intravascular devices, at time of admission within the
study period mentioned.

Setting

The hospitals selected for the study were Hospital
Universiti Sains Malaysia, Hospital Ipoh in Northern
Malaysia, and Hospital Terengganu in East Malaysia.
Hospital Universiti Sains Malaysia is a teaching
hospital for a tertiary institution whereas Hospital Ipoh
and Hospital Terengganu are state hospitals under the
purview of the Ministry of Health, Malaysia.

Criteria for Diagnosis

NI was diagnosed based on the criteria stated by the
Centre for Disease Control and Prevention [4] and
further confirmed with National Nosocomial Infection
Surveillance System (NNIS, 2004) definitions [12].
Diagnosis of nosocomial pneumonia was confirmed
based on microbiology culture results for tracheal
aspirate, urine and/or blood samples as well as
associated clinical, radiological and other laboratory test
results that showed increased white cell counts in the
full blood picture [3,11,12].

Instrument and Validation

A preliminary NI surveillance (data collection)
form was developed, based on a literature review. The
NI surveillance form addressed demographic data;
history of illness; clinical evidence of infections and
results of microbiology laboratory investigations
(culture results and sources of infection); and X-ray
findings. The form was reviewed for content validity by
a five-member team of experts at Universiti Sains
Malaysia, Health Campus, pilot tested and finalized for
accuracy, clarity and practicality based on the feedback.

Procedure

This form was used for the prospective ongoing
data collection from case records, laboratory reports,
results of clinical findings, and direct observation by the
researchers. The patients were followed up daily, from
the time of admission until discharged, for early signs
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of clinical and laboratory evidence of infection as well
as for confirmation of the “first positive culture” from
tracheal aspirate, urine and/or blood samples. The
patients were followed up to the ward for 48 hours post
ICU discharge to include NI manifestations that
occurred in the wards.

Ethical Approval

Ethical approval was obtained from the three
hospitals studied. The Ethics and Research Committee,
Universiti Sains Malaysia, approved the study in
October, 2003. Informed consent was obtained from the
patients’ close relatives (husband, wife or parents).

Statistical analysis

Data entry and analysis were done using SPSS
version 12.0.1 for Windows. Standard deviations and
means were calculated as required for numerical
variables. Frequency and percentages were calculated
for categorical variables. NI incidence density rate was
calculated as being the number of NI/patient-days and
then multiplied by 1,000.

Results
Characteristics of Subjects

Three hundred and sixty four (n=364) subjects were
reviewed. A total of 128 subjects with no signs of
infection at the time of admission were studied. The
characteristics of the subjects are as shown in Table 1.

Table 1. Characteristics of Cohort Patients and Nosocomial
Infection Rates in 3 Adult ICUs in Malaysia.

Characteristics (n=128) N (%) Mean (SD) '\?Ieng;n
Patients 128
Age - 40.7 (16.18) 42.0 (30)
Sex
Male 96 (75.0)
Female 32 (25.0)
Race
Malay 75 (58.0)
Chinese 23 (18.0)
Indian 24 (19.0)
Others 06 (50.0)
Severity Iliness Scores
SAPS Il SCORE (admission) 47.8 (15.46) 46.0 (24)
TISS SCORE (admission) 49,5 (12.30) 49.0 (17)
APACHE 11l (admission) 77.2 (30.78) 78.5 (46)
Conscious Level
Glasgow coma score 8 and below 76 (59.4) 4.5 ( 2.05) 3.0 (04)
Glasgow coma score 9-14 33(25.8)
Glasgow coma score 15 19 (14.8) 15.0 (0.00) 15.0 (00)
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Incidence of ICU-acquired Nosocomial Infections
associated with usage of devices are shown in Table 2.
A combined data calculation of the three hospitals for
incidence of ICU-acquired nosocomial infection in the
cohort group was found to be 21.1% (n=27) within a
mean average stay of 12.0+ SD=6.7 days in ICU while
10.2% (n=13) of the subjects developed hospital-
acquired infections (outside ICU) and 68.7% (n=88) did
not develop any infection. There were 1,253 peripheral
line-days with a mean duration of 9.8 + 5.5 days. The
mean durations of central venous catheter (CVC),
urinary catheter, and ventilator utilization were 9.6 +
6.3 days, 100 £ 6.2 days and 9.0 = 6.0 days,
respectively. The minimum duration for occurrence of
the first NI infection episode was 10.0 + 5.0 days for
bacteremia, 10.0 + 4.9 for nososcomial Pneumonia
(NP), and 11.0 + 5.7 for urinary tract infection (UTI).

Table 2. Device use ratios and Device Related Infection

ratios.
Variables Patient- Device Device No of Rate of
days utilization utilization DRI  DRI®
days rates®
CVC-related
Bacteremia 1312 1230 0,94 11 8.9
Catheter related
UTI 1312 1269 96.7 6 4.7
VAP 1312 1172 89.3 24 20.5

DRI= device related infections; Device-utilization days / 1,000 patient-days; "DRI per
device-utilization days.

The mean duration of ICU was 11.6 + 6.7 days. NI
incidence density rate was 20.6 per 1,000 patient-days.
Clinical diagnosis of sepsis was made in 13 patients
(10.2%). Although 44 patients had clinical signs of
infection and sepsis, only 27 subjects (out of 44
subjects) with positive cultures were confirmed as NI.
The reasons for admission of the subjects with ICU-
acquired NIs were respiratory arrest, multiple trauma,
respiratory condition, cardiac arrest, hypertension, head
injury with cerebral haemorrhage, diabetes mellitus and
cancer. The death rate was 21.1% while the survival
rate was 78.9%. Only 3.1% of death was caused by
sepsis or severe NIs.

Bacterial Patterns of ICU-acquired Nosocomial
Infection associated with usage of intravascular devices

Bacteremia

Bacteremia was found in 8.5% (n=11) of the
patients within an average duration of 10.0 (5.0) days in
ICU. Bacteremia rate was 8.9 per 1,000 patient-days.
The most common Gram negative organisms cultured
were Escherichia coli (n=1), Klebseilla pneumoniae
(n=1), Extended Spectrum Beta Lactamase Klebseilla
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pneumoniae (n=2) and Acinetobacter species (n=2)
whereas the Gram positive organisms showed
methicillin-resistant Staphylococcus aureus (MRSA)
(n=3) as the common causative organism. MRSA was
also found simultaneously both in the blood and central
venous cannula tip, urine and tracheal aspirate
specimens.

Nosocomial Pneumonia

Nosocomial pneumonia was noticed in 24 patients
(18.7%) within an average duration of 10.0 (SD=4.85)
days’ stay in ICU. Pneumonia rate was 20.5 per 1,000
patient-days. The most common organisms cultured
from tracheal aspirates were Acinetobacter species
(n=5), Klebseilla pneumoniae (n=12), ESBL Klebseilla
pneumoniae (n=1) and Pseudomonas aeroginosa (n=>5).

Twenty-four patients were clinically diagnosed
based on progressive infiltrate in chest X-rays,
leucocytosis, pyrexia above 38.5°C, purulent secretion
and creps in lungs. Ten patients out of the 24 had
bacteraemia with the same type of organisms as the
tracheal aspirate which satisfied the criteria for
diagnosis of ventilator-associated pneumonia (VAP).

Nosocomial Urinary Tract Infection

Nosocomial urinary tract infection was detected in
Six subjects (4.7%) within a mean duration of 11.0
(SD=5.65) days. UTI rate was 4.7 per 1,000 patient-
days. The organisms found in urine specimens were
Klebseilla ~ pneumoniae (n=1), Pseudomonas
aeroginosa (n=1), Pseudomonas stutzeni (n=1), other
coliforms (n=1), and Candida albicans (n=2).

Discussion

In the current study, the overall incidence of NI of
the cohort group (21.1%) was similar to that found in
other hospitals [16,22] but lower compared to the
studies done in the Hospital Universiti Kebangsaan
Malaysia (1988-1999) [13], University of Geneva
Hospitals [(which showed the overall incidence of 23%)
20], and a study in North India with an incidence rate of
33.5% [21]. The results were within published reported
rates of 12.2-39.0% [22].

Analysis for the incidence of NlIs associated with
the usage of devices with duration of stay in ICU
revealed the mean length of stay in ICU to be 10 days.
This observation was different from the Indian study
[20] where the mean length of stay was 13 days. The
present observation was also higher than that noticed in
the study from the USA where the incidence of NI in an
adult ICU was shown to be 16.2 per 1000 days of stay
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in the ICU [17]. It has been stated in the literature that
a longer length of stay in the hospital concurrent with
the use of medical devices doubles the risk of NI per
week of stay. The higher incidences of ICU NIs noted
within this study period could be due to the strict
inclusion criteria, shorter duration of follow-up, and
smaller sample size.

The risk for infection varies vastly and could be
related to an immunocompetent individual patient's
resistance to intrinsic and extrinsic risk factors. Further
studies need to be done to verify this observation.

Nosocomial pneumoniae (VAP) were the major and
most prominent nosocomial infections observed related
to usage of mechanical ventilation systems with
endotracheal tubes. This observation is similar to that of
a study conducted in the USA [17]. The incidence was
higher compared to a study from Hospital Universiti
Kebangsaan Malaysia (UKM) [13] and was lower than
that reported in the USA study [18] and the Indian study
[21].

A higher incidence of bacteremia was noticed
among patients treated with central venous lines and
those with indwelling catheters from that reported from
UKM (1988-1999) and a USA study [17]. The organism
isolated belonged to both Gram negative and positive
groups. The main Gram negative organisms cultured
were Klebseilla pneumoniae, Pseudomonas aeruginosa
and Acinetobacter species. The major organisms
isolated were Acinetobacter species in the UKM study
and Pseudomonas aeruginosa in the American study.
The main Gram positive organism isolated in this study
was  Methicillin-resistant ~ Staphylococcus  aureus
(MRSA) compared to presence of Staphylococcus
aureus in the UKM and Pakistan studies [10].

In the current investigation, a predominance of
Klebseilla pneumoniae was observed in tracheal
aspirate, blood and urine, whereas Acinetobacter
species was isolated only in tracheal aspirate and blood.
The Gram positive organism MRSA was found in
blood, tracheal aspirate, and urine. These results in
comparison with other reports show that the flora is
probably unique to each ICU. The standards of practices
followed in the ICUs could be contributing to the nature
of the flora and the infection rate.

Another feature of importance observed in this
study was the lack of correlation between the culture
results for bacterial isolation and the clinical symptoms
such as fever, leucocytosis, purulent sputum, and
infiltrate on chest radiograph. As few as ten patients
could be diagnosed as ventilated associated pneumonia
based on the Center for Disease Control’s criteria of

J Infect Developing Countries 2008; 2(5): 364-368.

correlation between culture positive and clinical
symptoms. This has been observed by other
investigators [2,3,8] suggesting that clinical symptoms
and chest radiographs alone were non-specific
parameters for diagnosis of VAP [5,11]. It has to be
confirmed with laboratory cultures.

Kollef had stated that early onset VAP is often
related to Staphylococcus aureus, Haemophilus
influenzae, and Streptococcus pneumoniae; however, in
our study only Staphylococcus aureus was found in
early onset of ventilator-associated pneumonia [8].

Compared with device-associated infection rates
reported by the NNIS [24], our UTI and pneumonia
rates were respectively lower or similar to the other
mentioned studies [23,24].

Despite the lower device-related infection findings
in the current Malaysian study, incidence of device-
associated infection rates in ICU further showed that
management of ventilated patients with intravascular
devices and indwelling urinary catheters needs to be
improved. Furthermore, due to the limited therapeutic
options, prevention and infection control measures are
essential in the management of patients in ICU.

Conclusion

This preliminary study on incidence of NIs rates
due to the usage of devices in ICUs of 3 major hospitals
in Malaysia showed that the incidence of NI was high
even though it was within the reported range (12.2—
39.0%) of other published studies. Furthermore, the
device-related infections were high in comparison to
other studies. This could be due to the small sample
size, strict inclusion and exclusion criteria, specific sites
of study, and our diagnostic criteria. However, the
incidence rate can vary according to different locations
or country of study, length of stay in ICU, and risk
factors.

The knowledge, attitude and practice in relation to
infection control measures and recruitment of new staff
could also influence the rate. All these may possibly
contribute to the slightly high incidence rates of NI in
our three centres. There is a need for further study on
risk factors, including the development of predictive
models to group patients with similar risks, in Malaysia.

This study preferably should be performed on large
cohorts, taken from more ICUs in Malaysia, using
standardized criteria for data collection and having
diagnosis of NI related to the mentioned devices used in
ICU for further confirmation of the efficacy of the
surveillance method used in our study as well as
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developing a calculator for assessing early risk of NI in
ICU.
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