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Supplementary Material S1: Bundle Care Knowledge Questionnaire, Answer Key, and Source-Guideline Mapping
A. Instrument development
The 30-item questionnaire was developed by the study team to assess PICU nurses’ knowledge of four infection-prevention bundles (CLABSI, CAUTI, SSI, VAP). Items were drawn from published prevention guidance. Content validity was established by a panel of five experts in critical care and infection control, selected for their clinical and infection-prevention expertise, who independently rated each item for relevance and clarity. Each item was rated for relevance on a 4-point scale by the five experts; item-level content validity indices (I-CVI) ranged from 0.80 to 1.00 (all meeting the 0.78 acceptability threshold for five raters), and the scale-level content validity index (S-CVI/Ave) was 0.97, indicating excellent content validity. Items were retained or revised on the basis of expert agreement, and the instrument was refined accordingly before administration. Internal consistency was acceptable (Cronbach’s α = 0.756). Construct validity and test–retest reliability were not formally assessed; the questionnaire should therefore be regarded as a purpose-built knowledge instrument rather than a fully validated psychometric measure.
B. Questionnaire with answer key
Each item carries one mark. The correct answer is shown in bold; the answer key was not shown to participants.
CLABSI bundle (7 items)
1. Among the following precautions, which are designed to prevent extraluminal contamination of central lines:
· Cleansing of catheter hubs and ports with antiseptic agents such as chlorhexidine or alcohol.
· Attention to healthcare worker hand hygiene practices before manipulating in-use catheters.
· Full barrier precautions during catheter insertion and education of healthcare personnel about proper catheter insertion and site care. ✓ correct
· Sterile procedures for manufacturing of the infusate.

2. Which of the following would NOT be considered a component of maximal barrier precautions in a central line bundle?
· Wearing a nonsterile cap and mask.
· Wearing sterile gloves.
· Using a sterile drape to cover the patient’s head and body.
· Wearing nonsterile gloves. ✓ correct
3. Arterial puncture during central line insertion is most common at the following sites:
· Subclavian
· Femoral
· External jugular
· Internal jugular ✓ correct
4. Using appropriate techniques, by what percentage can CVC-related blood stream infections be prevented?
· Between 2-10%
· Between 10-25%
· Between 25-75% ✓ correct
· Completely 100%
5. Which of the following is the optimal skin preparation prior to CVC insertion?
· Alcohol based scrub
· Iodine
· Povidone-iodine
· Chlorhexidine ✓ correct
6. When draping a patient, you should handle cardiac leads in the following way-
· Leave the leads where they are because the patient needs continued cardiac monitoring during insertion.
· Leads should be moved out of the area here the skin is being prepared. ✓ correct
· Leads should be removed
· Clean the leads with chlorhexidine skin prep and leave them where they are.
7. Which of the following is NOT a complication of CVC insertion?
· Pneumothorax
· Hemothorax
· Aspiration pneumonia ✓ correct
· Bloodstream infection
CAUTI bundle (8 items)
8. An indication for insertion of an indwelling urinary catheter is 
· Acute urinary retention
· Intraoperative monitoring of urinary output
· Wound healing promotion in patients with sacral or perineal wound
· All of the above ✓ correct
9. Entry points for introduction of bacteria are the catheter meatal junction, catheter tubing connection and outlet device.
· True ✓ correct
· False
10. Ms. X had an indwelling urinary catheter inserted 3 days ago, she now has a fever and cloudy, foul-smelling urine in the drainage bag. Which intervention increased her risk for CAUTI?
· Removing the catheter as soon as possible.
· Assessing the need for catheter daily.
· Placing the drainage bag above the bladder at all times. ✓ correct
· Providing catheter care as per hospital protocol.
11. The indwelling catheter of Ms. X was removed at 8am. Its now 4pm and she has not voided since removal. What should the nurse do?
· Reinsert the indwelling catheter
· Perform intermittent catheterization ✓ correct
· Immediately inform the doctor
· Give the patient more fluids to drink
12. If a catheter is not placed in the bladder on the first attempt, you can reuse the catheter in a second attempt.
· True
· False ✓ correct
13. A patient’s family member stated that they have emptied the catheter drainage bag because it was full and they did not want to bother the nurse. What should the nurse do?
· Explain the importance of the following correct procedure for emptying the drainage bag and demonstrate the correct technique for the family. ✓ correct
· Tell the family they are not allowed to empty the drainage bag.
· Tell the family the drainage bag only be emptied at certain times.
· Tell the family to empty the bag without giving any instructions.
14. The first step the nurse should take when emptying a catheter drainage bag is to
· Unclamp the drainage port
· Wash hands with soap and water ✓ correct
· Put on gloves
· Check the tubing for kinks
15. The best method to prevent CAUTI is to
· Always use a small catheter
· Use indwelling catheters for incontinent patients
· Only use catheters when there is a clinical indication ✓ correct
· Use two-person insertion technique
SSI bundle (6 items)
16. In paediatric inpatient surgery, approximately what percentage of children develop a surgical site infection?
· 0.5–1%
· 1–2%
· 5–10% ✓ correct
· 15–20% 
17. What is the most common healthcare acquired infection (HAI) among hospitalized patients?
· Ventilator associated pneumonia
· Central line associated blood stream infection
· Surgical site infection
· Urinary tract infection ✓ correct
18. What is the mortality rate of SSIs?
· <1%
· 3% ✓ correct
· 6% 
· 10%
19. A surgical site infection can occur up to how many days after an operative procedure?
· 10 days
· 30 days ✓ correct
· 60 days
· 90days
20. In children, what is the approximate additional postoperative length of stay attributable to a surgical site infection?
· 24 hours
· 1-3days
· 5-7days
· 10-14 days ✓ correct 
21. What’s the estimated number of SSIs that are preventable?
· <8%
· 10-25%
· 40-60% ✓ correct
· 100%
VAP bundle (9 items)
22. VAP in a critically ill patient increase the 
· Risk of mortality
· Time on a ventilator
· Length of hospital stay
· All of the above. ✓ correct
23. Which of the following is NOT a risk factor for acquiring VAP?
· Continuous sedation
· Prolonged mechanical ventilation
· Reduced clinical staffing ✓ correct
· Aspiration of oropharyngeal or gastric contents
24. Clinical signs of VAP can include 
· Fever >38º C
· New onset of purulent sputum
· Altered mental state
· All of the above  ✓ correct
25. Components of the VAP care bundle include all of the following EXCEPT
· Elevation of the head end of the bed
· Regular oral care
· Making sure patient movement is limited whilst on the ventilator ✓ correct
· Sedation interruptions and assessment of readiness to extubate
26. How often should you attempt spontaneous awakening and breathing trials, unless contraindicated?
· Every 2 hours
· 12 hourly
· Daily ✓ correct
· Weekly
27. To reduce the risk of VAP the head of the bed should be placed at 
· 5-10 degrees
· 10-20 degrees
· 20-30 degrees
· 15-30 degrees ✓ correct
28. VAP increases length of stay by
· 16%
· 28%
· 39% ✓ correct
· 54%
29. Targeted Richmond Agitation Sedation Score is advocated for mechanically ventilated patients in the prevention of VAP
· True ✓ correct
· False
Note: RASS is validated in adults; paediatric units frequently use behavioural scales (e.g., COMFORT-B, State Behavioral Scale).
30. In a child with a cuffed endotracheal tube, micro-aspiration can be reduced by:
· Increasing the ET/TT cuff pressure to >35 cmH₂O
· Keeping the ET/TT cuff pressure as low as possible
· Maintaining the ET/TT cuff pressure between 20–30 cmH₂O ✓ correct
· None of the above
C. Source-guideline mapping
Each item is mapped to the guideline or study underpinning its keyed answer. Where the keyed answer depends on a numerical estimate, the study supplying the figure is cited rather than the guideline.
	#
	Domain
	Item (abbreviated)
	Source (with year)
	I-CVI / flag

	1
	CLABSI
	Extraluminal contamination prevention
	CDC/HICPAC Guidelines for the Prevention of Intravascular Catheter-Related Infections, 2011; APSIC CLABSI guide, 2016
	1.00

	2
	CLABSI
	NOT maximal barrier precautions
	CDC/HICPAC 2011, maximal sterile barrier section
	1.00

	3
	CLABSI
	Commonest arterial-puncture site
	Bannon MP, Heller SF, Rivera M. Anatomic considerations for central venous cannulation. Am Surg 2011;77(10):1371–9
	1.00

	4
	CLABSI
	CVC-BSI preventable proportion
	Berenholtz SM et al. Crit Care Med 2004;32:2014–20
	0.80; figure is programme-specific

	5
	CLABSI
	Optimal skin preparation (CHG)
	CDC/HICPAC 2011; APSIC 2016
	0.80; CHG caution under 2 months

	6
	CLABSI
	Handling cardiac leads when draping
	CDC/HICPAC 2011, sterile field maintenance
	1.00

	7
	CLABSI
	NOT a CVC insertion complication
	Kusminsky RE. J Am Coll Surg 2007;204(4):681–96
	1.00

	8
	CAUTI
	Indication for indwelling catheter
	CDC/HICPAC CAUTI Guideline, 2009 (reaffirmed 2019), appropriate-use section
	1.00

	9
	CAUTI
	Bacterial entry points
	CDC/HICPAC CAUTI Guideline, 2009
	1.00

	10
	CAUTI
	Intervention increasing CAUTI risk
	CDC/HICPAC CAUTI Guideline, 2009, drainage-system maintenance
	1.00

	11
	CAUTI
	Action after non-voiding post-removal
	EAUN Evidence-based Guidelines for Best Practice in Urological Health Care: Catheterisation, 2012
	1.00

	12
	CAUTI
	Reuse of catheter, second attempt
	EAUN Catheterisation Guideline, 2012, aseptic insertion section
	1.00

	13
	CAUTI
	Family emptied drainage bag
	CDC/HICPAC CAUTI Guideline, 2009
	1.00

	14
	CAUTI
	First step emptying drainage bag
	WHO Guidelines on Hand Hygiene in Health Care, 2009; CDC/HICPAC CAUTI 2009
	1.00

	15
	CAUTI
	Best method to prevent CAUTI
	Lo E et al. SHEA/IDSA CAUTI compendium, 2014
	1.00

	16
	SSI
	Paediatric inpatient SSI proportion
	Bucher BT et al. Surg Infect 2011;12(3):199–204
	1.00

	17
	SSI
	Most common HAI
	Magill SS et al. N Engl J Med 2018;379:1732–44; ECDC point-prevalence survey 2022–23
	1.00

	18
	SSI
	SSI mortality rate
	Awad SS. Surg Infect 2012;13(4):234–37
	0.80; varies by procedure

	19
	SSI
	Days an SSI can occur
	CDC/NHSN Patient Safety Component Manual, Chapter 9 (SSI), 2023: 30 or 90 days by category
	0.80; keyed answer defective — see D

	20
	SSI
	Added length of stay with SSI
	de Lissovoy G et al. Am J Infect Control 2009;37(5):387–97
	1.00

	21
	SSI
	SSIs preventable proportion
	Umscheid CA et al. Infect Control Hosp Epidemiol 2011;32(2):101–14
	1.00

	22
	VAP
	VAP increases mortality/LOS/vent time
	Klompas M et al. Infect Control Hosp Epidemiol 2022;43:687–713
	1.00

	23
	VAP
	NOT a VAP risk factor
	Klompas M et al. 2022, risk-factor section
	1.00

	24
	VAP
	Clinical signs of VAP
	Klompas M et al. 2022; CDC/NHSN PNEU protocol, 2023
	0.80; adult-oriented sign set — see D

	25
	VAP
	NOT in the VAP care bundle
	Klompas M et al. 2022, Table 4 (paediatric recommendations)
	1.00

	26
	VAP
	SAT/SBT frequency
	Klompas M et al. 2022, minimising ventilation duration
	1.00

	27
	VAP
	Head-of-bed angle
	Klompas M et al. 2022, Table 4: elevation recommended for paediatric patients, no single angle specified
	0.80; options overlap — see D

	28
	VAP
	LOS increase from VAP
	Muscedere JG et al. J Crit Care 2008;23(1):126–37
	1.00

	29
	VAP
	Targeted RASS
	Sessler CN et al. Am J Respir Crit Care Med 2002;166:1338–44 (adult validation); Ista E et al. Intensive Care Med 2005;31:1390–6 (COMFORT-B)
	0.80; adult scale — see D

	30
	VAP
	Micro-aspiration (cuff pressure)
	Klompas M et al. 2022; Chambers NA et al. Paediatr Anaesth 2018 (cuffed tubes in children)
	1.00; presumes cuffed tube — see D



D. Items excluded from the sensitivity analysis
Five items are not defensible as keyed for a paediatric population. All were administered and are retained in the primary analysis; the sensitivity analysis reported in Table S3 excludes them. None should be reused without rewriting.
	#
	Topic
	Defect
	Recommended revision

	19
	SSI surveillance window
	Keys 30 days as the only correct answer. NHSN specifies 30 days for superficial incisional SSI and 30 or 90 days for deep incisional or organ/space SSI by procedure category, as the manuscript's own Introduction states.
	Rewrite to ask for the superficial incisional window specifically, or accept both 30 and 90 days with the procedure category given in the stem.

	24
	Clinical signs of VAP
	Keyed sign set is oriented to adult presentation; signs in infants and young children differ.
	Re-key against the CDC/NHSN paediatric PNEU criteria.

	27
	Head-of-bed angle
	Options overlap: 20–30 is wholly contained within the keyed 15–30, so a defensible choice is scored wrong. Current guidance recommends elevation for paediatric patients without a single universal angle.
	Replace with an item on whether elevation is indicated, rather than on a specific angle.

	29
	Targeted RASS
	RASS is validated in adults. Paediatric units use COMFORT-B or the State Behavioral Scale.
	Re-key to the sedation scale in local paediatric use.

	30
	Cuff pressure
	Presumes a cuffed endotracheal tube; uncuffed tubes remain common in younger children.
	Add a stem condition specifying a cuffed tube, or ask about tube selection.






Supplementary Material S2: Comparison of nurses’ knowledge before and after the programme by sociodemographic characteristics 
	Variable
	Pre-test Mean ± SD
	Post-test Mean ± SD
	p-value

	Age classification
Young (23-30)
Middle (31-40)
Old (>40)
	
14.22 + 2.33
15.31 + 2.46
11.89 + 4.16
	
22.44 + 4.06
21.75 + 3.85
23.11 + 4.34
	
0.011*
0.001**
0.007**

	Gender
Female
Male
	
14.16 + 3.24
13.67 + 3.51
	
22.06 + 4.07
24.67 + 0.57
	
<0.001**
0.109

	Educational Qualification
Diploma
Bachelor’s Degree
Master’s Degree
	
12.75 + 4.13
14.24 + 2.33
17.00 + 0.70
	
20.67 + 4.53
23.41 + 3.14
22.40 + 4.45
	
0.003**
<0.001**
0.078

	Professional Experience in PICU 
0-5 years
6-10 years
> 10 years
	
14.60 + 2.50
15.50 + 2.12
13.77 + 3.59
	
22.60 + 3.86
23.50 + 0.70
22.05 + 4.23
	
0.007**
0.180
<0.001**


* Significant at 0.05; ** Significant at 0.01 (Wilcoxon signed-rank test). Abbreviations: SD, standard deviation; PICU, paediatric intensive care unit.


Supplementary Table S3: Primary and sensitivity analyses compared
The primary analysis uses all 30 items as administered. The sensitivity analysis uses the remaining 25 after excluding the items in section D. Confidence intervals are bootstrap percentile intervals (10,000 resamples); r is the matched-pairs rank-biserial correlation.
	Analysis
	Max
	Pre M±SD
	Post M±SD
	Mean Δ (95% CI)
	Median Δ
	r / dz
	p

	Total — primary
	30
	14.12 ± 3.22
	22.29 ± 3.96
	+8.18 (6.62–9.85)
	8.0 (7.0–10.0)
	0.98 / 1.65
	<0.001

	Total — sensitivity
	25
	12.56 ± 2.88
	18.79 ± 3.72
	+6.24 (4.79–7.68)
	6.5 (5.0–8.0)
	0.94 / 1.42
	<0.001

	CLABSI — reduced
	7
	3.88 ± 1.17
	5.21 ± 1.49
	+1.32 (0.65–2.00)
	1.5 (0.0–2.0)
	0.68 / 0.64
	<0.001

	CAUTI — reduced
	8
	3.85 ± 1.37
	5.50 ± 1.67
	+1.65 (1.00–2.32)
	1.5 (1.0–2.0)
	0.84 / 0.81
	<0.001

	SSI — reduced
	5
	2.91 ± 1.16
	4.44 ± 0.75
	+1.53 (1.00–2.03)
	2.0 (1.0–2.0)
	0.81 / 0.99
	<0.001

	VAP — reduced
	5
	1.91 ± 1.03
	3.65 ± 1.12
	+1.74 (1.32–2.12)
	2.0 (1.5–2.0)
	0.94 / 1.43
	<0.001


Spearman's rho between the full-scale and reduced-scale change scores was 0.94. Under reduced scoring, 18 of 34 nurses reached the good range at post-test, the same number as under full scoring (pre-test: none under either). Wilcoxon signed-rank tests throughout.
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