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INTRODUCTION
Healthcare-associated infections (HCAIs), particularly 
bloodstream infections (BSIs) acquired in the intensive care unit 
(ICU), pose a serious risk to the critically ill. Such infections are 
associated with prolonged length of stay,(1-3) higher treatment 
costs,(4,5) and increased morbidity and mortality.(1,2,6) Central 
line-associated BSIs (CLABSIs) have been demonstrated to be 
preventable through the implementation of multidimensional 
strategies, including multifaceted education, hand hygiene, 
cleaning skin with chlorhexidine, maximal barrier precautions 
for central venous catheter (CVC) insertion, redesigning physical 
barriers between patients’ beds and the removal of unnecessary 
catheters.(7-11) Proper CVC insertion and maintenance play a vital 
role in preventing infections, particularly CLABSIs.(11-13) The rate 
of CLABSIs in the paediatric population has dropped markedly 
in developed countries due to significant investment in the 
aforementioned multidimensional strategies.(7-11) According to 
the National Healthcare Safety Network’s 2012 report, there was 
a pooled rate of 1.4 laboratory-confirmed CLABSIs per 1,000 
CVC-days in paediatric medical ICUs in the United States.(14) The 
implementation of such multidimensional strategies for infection 
control requires institutional leadership and commitment to 
providing resources, teamwork, collaboration and expertise, in 
order to be effective and sustainable.(12,15,16)

Intensive care, particularly paediatric intensive care, is a 
fledgling specialty in resource-limited countries. Despite the major 
potential impact of any failure in infection control, it receives 
little attention compared to other priorities. Although HCAI 
surveillance systems are in place in many developed countries at 
the national/subnational level, only 23 of 147 (15.6%) developing 
countries reported a functioning HCAI national surveillance system 
in a survey conducted by the World Health Organization.(17) 
A systematic review and meta-analysis revealed a striking difference 
between the incidence of ICU-acquired infections in developing 
countries (a pooled density of 47.9 per 1,000 patient-days) and 
that in the United States (an estimated 13.6 per 1,000 patient-
days).(18,19) The lack of a comprehensive surveillance system for 
HCAIs in resource-limited countries puts critically ill patients at 
risk. A  review of the incidence of CLABSIs in resource-limited 
countries revealed the stark reality of poor infection control – 
overcrowded ICUs, insufficient rooms for isolation, lack of sinks, 
lack of alcohol hand rubs and chlorhexidine, and the use of vented 
intravenous containers.(18,20) Unless the problem of basic infection 
control practices is addressed, it is unlikely that implementing the 
aforementioned multidimensional strategies would be sufficient to 
prevent CLABSIs in the hospitals of these countries.(20)
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conducted in 2001 revealed a BSI rate of 243 per 1,000 patients 
in the PICU.(21) This unacceptably high incidence prompted a 
definitive approach to infection control; an educational training 
programme targeted at all PICU nursing staff, residents and interns 
who were rotated to the PICU was introduced in 2002. To assess 
the impact of infection control training for interns, the training 
was extended to all paediatric interns (including those who were 
not rotated to the PICU but who would provide coverage outside 
of working hours) from 1 November 2008. We hypothesised that 
the education of these paediatric interns would positively impact 
the rate of nosocomial BSIs in the PICU.

METHODS
This study was performed in the PICU of University Malaya 
Medical Centre in Kuala Lumpur, Malaysia. It was approved by 
the ethics committee of the medical centre, which waived the 
requirement for written informed consent. The 10-bed tertiary 
care multidisciplinary PICU, which is under the administration 
of the Department of Paediatrics, admits approximately 400 
critically ill patients per year. During working hours, clinical 
management was undertaken by the PICU team, which 
comprised a paediatric intensivist, two specialists, four residents 
and two interns who were placed in the PICU full-time for the 
duration of their two-month rotation. After working hours, due 
to staff shortage, PICU coverage was provided by medical staff 
and interns who were not part of the PICU team and had not 
been trained in infection control. The nurse to patient ratio 
averaged 1:1.5 and varied between 1:1 and 1:2, according to 
patient acuity. An educational training programme to reduce 
CLABSIs in the PICU was introduced to PICU physicians and 
nurses in several stages between 2002 and the start of the study 
in 2008 (Table I).

Patients admitted to the PICU between 1  January 2008 
and 31  December 2009 were enrolled into the study. The 
baseline period was between 1 January and 31 October 2008, 
while the intervention period was between 1 November 2008 
and 31  December 2009. During the intervention period, all 

paediatric interns, regardless of whether or not they were posted 
to PICU, underwent training to practice hand hygiene and aseptic 
technique for accessing CVCs, peripheral venous cannulas and 
arterial catheters at the start of their rotation in the Department 
of Paediatrics (see Appendix). Training was provided by the 
paediatric intensivist and specialist. The training sessions involved 
groups of 2–4 interns, lasted for two hours and were followed by 
the evaluation of each intern’s performance in infection control 
practices. Training and evaluation were repeated until the interns 
achieved the required standard.

Patients were excluded if they were in an unstable 
haemodynamic state that required continuous cardiopulmonary 
resuscitation at the time of admission. Patients included in the 
study were monitored daily by a trained nurse for invasive device 
utilisation and the development of nosocomial BSIs (from the time 
of admission to up to 48 hours after PICU discharge). The primary 
outcome measure was the development of a PICU-acquired BSI, 
which included clinical sepsis and laboratory-confirmed BSI, and 
CLABSIs per 1,000 CVC-days. Primary BSIs included both clinical 
sepsis and laboratory-confirmed BSI with a positive blood culture 
not related to infection at another site;(22) ICU-associated infection 
was defined as an infection that was not present or incubating 
during the patient’s admission to the ICU, but became apparent 
during the ICU stay or within 48 hours after transfer from the 
ICU.(23,24) A BSI was considered to have been acquired in the 
PICU if the positive blood culture was obtained more than 48 
hours after the patient’s admission to the unit. Clinical sepsis 
was diagnosed if the patient had at least one of the following: a 
fever, hypotension or oliguria; a physician-instituted treatment 
for sepsis with no apparent infection at another site; or a negative 
blood culture or no blood culture performed.(22,25) CLABSI was 
defined as a primary BSI if the patient had a central line within 
the 48-hour period before the development of the BSI and it was 
not related to an infection at another site.(26) Infection incidence 
was expressed as a percentage of the total number of patients 
with PICU-acquired BSIs divided by the total number of patients 
enrolled during the respective period.(24)

Table I. Timeline of the educational training programme.

Date of implementation Item(s) covered

January 2003 • Use of single‑use sterile alcohol wipes instead of cotton balls impregnated with antiseptic
• Prohibiting the reuse of single‑use vials
• Disposal of fluids used for dilution of parenteral medications that were more than 24 hours old

January 2004 • Mandatory nurse education on hand hygiene with chlorhexidine wash*

January 2005 Mandatory nurse and doctor education on:
• Use of sterile gloves before central venous catheter (CVC) insertion or manipulation
• Use of sterile gauze or transparent sterile dressing to cover the insertion site
• �Maintenance of sterile dressing (i.e. changing gauze every 48 hours and transparent dressings 

every seven days, and removing CVCs when not needed)
• �Use of closed intravenous systems (changing the administration set every 96 hours unless it 

was used for nutrition or blood products, in which case it should be changed every 24 hours)

January 2007 • Use of CVC insertion kits and maximal sterile barrier precautions during CVC insertion

January 2008 • �Training of PICU doctors on the disinfection of line hubs, needleless connectors and injection 
ports before CVC assessment

• Real‑time feedback about CLABSI control intervention

November 2008 • Training of all paediatric interns (i.e. start of the intervention period)

*Povidone‑iodine used for skin preparation as chlorhexidine was not available. CLABSIs: central line‑associated bloodstream infections; PICU: paediatric intensive care unit
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All statistical analyses were performed using IBM SPSS 
Statistics version 20.0 (IBM Corp, Armonk, NY, USA). Data was 
presented as number (percentage) or median (interquartile range). 
For actuarial analysis, the event of interest was ‘nosocomial BSI’ 
and the time-to-event was the ‘number of nosocomial BSI-free 
days’. Patients with no events were considered as right censored 
observations. The Kaplan-Meier product-limit method(27) was used 
to estimate the univariate differences in the actuarial analysis, 
with differences compared using the two-sided log rank test.(28) 
Hazard ratios were calculated using the multiple Cox proportional 
hazards regression model,(29,30) after adjusting for significant and 
clinically important baseline characteristics. In this model, the 
criterion for entry and removal were p < 0.05 and p > 0.10, 
respectively. The assumption of proportionality was confirmed 
by plotting the log negative log of the Kaplan-Meier estimates 
of the survival function versus the log of time, which resulted 
in parallel curves. All analyses were pre-specified. The level of 
statistical significance for all analyses was set at p < 0.05, using 
two-tailed comparisons.

RESULTS
A total of 110 interns were posted to the Department 
of Paediatrics during the study period (1  January 2008–
31 December 2009): 45 were posted during the baseline period, 
while 65 were posted during the intervention period (Fig. 1). 
During the baseline period, only the 13 interns who were 
rotated to the PICU were trained in infection control. During 
the intervention period, all the 65 interns who were posted to 
the Department of Paediatrics underwent training in infection 
control. The number of interns who provided PICU coverage 
after working hours during the baseline and intervention periods 
were 41 and 61, respectively.

A total of 749  patients were admitted to the PICU 
between 1  January 2008 and 31  December 2009. Among 
these 749  patients, 28  patients were excluded as they were 
in an unstable haemodynamic state that required continuous 
cardiopulmonary resuscitation at the time of admission. Of the 
721 remaining patients, 285 were enrolled during the baseline 
period and 436 were enrolled during the intervention period 
(Fig. 2). Table II shows the characteristics of the patients in the 
baseline and intervention groups. Patient characteristics, such 
as age, gender, reasons for PICU admission, Paediatric Risk of 
Standardised Mortality (PRISM) III score, inotrope administration 
and elective admissions during the baseline and intervention 
periods were similar. The rates of invasive device utilisation 
were similar between the baseline and intervention groups for 
mechanical ventilators and indwelling urinary catheters.

There was a significant decrease in the use of CVCs and 
arterial catheters during the intervention period (Fig.  3). The 
start of the intervention period (i.e.  1  November 2008) was 
accompanied by a simultaneous decrease in BSIs, which 
remained low throughout the intervention period. The decreased 
utilisation of CVCs and arterial catheters during May 2009 to 
August 2009 was due to an unforeseen shortage of paediatric-
sized CVCs and arterial catheters; the supply was re-established 

during the last four months of the intervention period. Despite 
the increased device utilisation from September 2009 to 
December 2009, the rate of BSIs was significantly lower during 
the intervention period than during the baseline period. Day-
by-day Kaplan-Meier product-limit BSIs, stratified according to 
the baseline and intervention periods are shown in Fig. 4. The 
graphs were truncated at day 40 of admission as the number of 
BSIs remained mostly unchanged afterwards. The overall risk of 
BSI was higher during the baseline period as compared to the 
intervention period (p = 0.048).

The median number of CVC-days during the baseline and 
intervention periods was 874 days and 1,183 days, respectively. 
During the baseline and intervention periods, 25 patients and 
18  patients had PICU-acquired BSIs, respectively. In other 
words, the incidence rates of PICU-acquired BSIs were 88 per 
1,000 admissions and 41 per 1,000 admissions, respectively. 
Of the 25 patients with PICU-acquired BSIs during the baseline 
period, 22 cases were CVC-related, giving a CLABSI incidence 
rate of 25.2 per 1,000 CVC-days. Of the 18  patients with 
PICU-acquired BSIs during the intervention period, 11 cases 
were CVC-related, giving a CLABSI incidence rate of 9.3 per 
1,000 CVC-days. This translates to a 63% reduction in CLABSI 
during the intervention period (p < 0.05). Multivariate analysis 
revealed that the PRISM III score, but not the durations of CVC 
or arterial catheter usage, was a significant risk factor for the 
development of PICU-acquired BSI (Table III). It also showed 
that the risk was significantly reduced during the intervention 
period.

110 interns posted
to the Department

of Paediatrics

Baseline
45 interns

Intervention
65 interns

13 interns rotated
to PICU, trained in

infection control and
provided PICU coverage

32 interns not rotated
to PICU, not trained in

infection control; 28 of them
provided PICU coverage

21 interns rotated to PICU,
trained in infection control

and provided PICU coverage

44 interns not rotated
to PICU, trained in infection

control; 40 of them
provided PICU coverage

Fig. 1 Flow chart shows the distribution of interns to the paediatric intensive 
care unit (PICU) during the study period.

749 patients
admitted to PICU

Baseline
295 patients

Intervention
454 patients

10 patients excluded

285 patients enrolled

18 patients excluded

436 patients enrolled

Fig. 2 Flow chart shows the distribution of paediatric intensive care unit 
(PICU) patients during the study period.
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Fig.  4 Day-by-day Kaplan-Meier product-limit of bloodstream infections 
(BSIs) among patients admitted to the paediatric intensive care unit before 
and during the intervention. The graph was truncated at day 40 of admission.

Table II. Characteristics of included patients admitted to the paediatric intensive care unit (PICU) before and during the intervention.

Characteristic No. (%) p‑value

Baseline (n = 285) Intervention (n = 436)

Age* (yr) 1.0 (0.2–5.6) 0.8 (0.1–4.9) 0.219

Gender 0.188

Male 155 (54.4) 260 (59.6)

Female 130 (45.6) 176 (40.4)

Inotrope use 68 (23.9) 97 (22.2) 0.680

Elective admission 53 (18.6) 72 (16.5) 0.589

Reason for PICU admission

Post‑surgery support 82 (28.8) 112 (25.7) 0.406

Respiratory support 102 (35.8) 165 (37.8) 0.642

Cardiovascular support 33 (11.6) 64 (14.7) 0.280

Respiratory and haemodynamic support 52 (18.2) 72 (16.5) 0.624

Neurological support 16 (5.6) 23 (5.3) 0.995

Invasive device utilisation

Mechanical ventilation 167 (58.6) 250 (57.3) 0.797

CVC 98 (34.4) 116 (26.6) 0.031

Peripheral arterial catheter 156 (54.7) 208 (47.7) 0.077

Indwelling urinary catheters 131 (46.0) 180 (41.3) 0.245

Duration of invasive device utilisation* (day)

Mechanical ventilation 4.0 (2.0–10.0) 5.0 (2.0–8.0) 0.202

CVC 5.5 (3.0–10.0) 6.0 (3.0–12.0) 0.369

Peripheral arterial catheter 5.0 (3.0–10.0) 4.0 (3.0–7.0) 0.041

Indwelling urinary catheters 4.0 (2.0–7.0) 4.0 (3.0–7.0) 0.360

Type of BSI

Laboratory‑confirmed 13 (4.6) 10 (2.3) 0.140

Clinical sepsis 12 (4.2) 8 (1.8) 0.095

Total BSI 25 (8.8) 18 (4.1) 0.016

CLABSI 22 (7.7) 11 (2.5) 0.002

Time to onset of BSI* (day) 5.0 (2.0–9.0) 5.0 (3.0–9.0) 0.624

CVC‑days 874 1,183

CLABSI per 1,000 CVC‑days 25.2 9.3 < 0.001

Length of PICU stay* (day) 5.0 (2.0–11.5) 5.0 (3.0–9.0) 0.459

PRISM III score 5.0 (2.0–10.5) 5.0 (3.0–10.0) 0.791

PICU mortality 26 (9.1) 39 (8.9) 0.935

*Data expressed as median (interquartile range). BSI: bloodstream infection; CLABSI: central line‑associated bloodstream infection; CVC: central venous catheter; 
PRISM: Paediatric Risk of Standardised Mortality
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and arterial catheters among patients admitted to the paediatric intensive 
care unit before and during the intervention. The arrow shows the start of 
the intervention period (i.e. 1 November 2008).
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DISCUSSION
During the baseline period, less than 30% of all the interns who 
provided after-working-hours coverage in the PICU received 
training in infection control. The extension of this training to 
all interns in the Department of Paediatrics (i.e.  during the 
intervention period) was associated with reduced rates of both 
laboratory-confirmed BSI and clinical sepsis, by 28% in total BSI 
and 63% in CLABSI per 1,000 CVC-days. Patient characteristics, 
such as age, gender, severity of illness, reason for admission, and 
use of inotropes, invasive mechanical ventilation and continuous 
indwelling urinary catheters, were similar during the baseline 
period and the intervention period. Although the decreased use 
of CVCs and arterial catheters during the intervention period may 
have impacted the BSI rates, multivariate analysis revealed that 
the use of these devices was not a significant risk factor for the 
development of PICU-acquired BSIs. Furthermore, the increased 
use of these devices during the last four months of the intervention 
period did not result in increased BSI rates.

To the best of our knowledge, the present study is the first 
to report on how the training of all interns in infection control 
practices affects the incidence of nosocomial BSIs in the PICU 
of a middle-income country. While medical interns who were 
rotated to the PICU performed tasks that involve patient contact 
and central vascular access, it was reported that only 64% of 
them had a sufficient level of awareness about infection control 
practices.(31) The education and training of healthcare providers 
who insert and maintain catheters, which is a key intervention in 
the prevention of CLABSIs, often does not involve interns, even 
though this could have a potentially dramatic impact on the rate 
of infections in the PICU.(31-33)

The PICU in the present study is typical of those found in 
middle-income countries. Dependence on itinerant staff after 
working hours makes infection control, as well as its education 
and surveillance, challenging. This is especially the case when 
infection control practices receive little attention in the other areas 
of the hospital. Due to limited resources, process surveillance 
and feedback on the performance of infection control practices 
were not performed in the present study. Sustained compliance 
to hand hygiene, which is fundamental to the control of 
nosocomial infections, is poor among healthcare workers.(34) The 
implementation of frequent performance feedback, in addition 
to education and training (as recommended by the International 

Nosocomial Infection Control Consortium), has been shown to 
increase hand hygiene adherence from 23.1% to 64.5% in two 
ICUs. In that study, the overall reduction of nosocomial infections 
was from 47.55 per 1000 patient-days to 27.93 per 1000 patient-
days.(32) Compliance with CVC-site care has been shown to 
improve with sequential implementation of an education and 
performance feedback programme; the implementation of an 
educational programme was also shown to reduce the rate of 
intravenous device-associated BSIs, with further reductions noted 
after a performance feedback programme was implemented.(35)

The present study was not without limitations. As it was 
conducted in a single PICU in a teaching hospital, the results 
cannot be considered to be representative of all PICUs from 
middle-income countries. The unintentional decreased utilisation 
of CVCs and arterial catheters during part of the intervention 
period may also have affected the findings on the impact of the 
intervention programme. Although the rate of BSIs was reduced 
after the implementation of the intervention programme, it was 
still higher than that reported in the United States and other 
developing countries that have implemented CVC bundle care.(36)

In conclusion, our study showed that the relatively low-cost 
investment of educating interns in infection control has the 
potential to substantially reduce the incidence of nosocomial BSIs 
in PICUs. We believe that the implementation of similar strategies 
in other parts of the hospital can lead to a significant reduction in 
the incidence of nosocomial BSIs in vulnerable patients.
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PRELIMINARY ORIENTATION OF HOUSE OFFICERS POSTED TO DEPARTMENT OF PAEDIATRICS

Date: _______________
Name of House Officer: __________________________
Date of Posting to Department of Paediatrics: _______________
Please note that you have to present yourself to the PICU within 48 hours of being posted to the Department of Paediatrics

Orientation of PICU by Clinical Nurse Consultant & PICU lecturer/specialist

Procedure Demonstrated by specialist or 
senior MO (signature & date)

Assessed by 
Sister _____ (date)

1. Hand‑washing ⁪ Satisfactory
⁪ To repeat

2. Access of arterial lines ⁪ Satisfactory
⁪ To repeat

3. Access of central venous lines and administration of medications ⁪ Satisfactory
⁪ To repeat

4. Access of peripheral venous line and administration of medications ⁪ Satisfactory
⁪ To repeat

5. Arterial blood gas analyser ⁪ Satisfactory
⁪ To repeat

6. Capillary gas sampling ⁪ Satisfactory
⁪ To repeat

7. Safety in blood transfusion ⁪ Satisfactory
⁪ To repeat

8. Safety in medication administration ⁪ Satisfactory
⁪ To repeat

•	 Important points to note during procedures:
•	 Preparation before access of vascular devices
•	 Inform patient or parent before procedure
•	 Perform the actual procedure with

•	 Aseptic considerations and neatness
•	 Flushing the line to maintain patency
•	 Ensuring no air bubbles in the vascular system

•	� If your assessment is not satisfactory in any of these areas, you will be assessed at another date before your first call in the 
PICU.

Once the assessment has been completed satisfactorily, please submit this document to PICU Ward Manager.

APPENDIX


