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Abstract

Background: Hospital-acquired infections (HAIs) remain a leading cause of mortality and morbidity among preterm infants
in neonatal intensive care units (NICUs). Evidence regarding the effectiveness of multifaceted infection prevention bundles in
reducing these adverse outcomes, particularly in resource-limited settings, remains limited.

Objective: To evaluate the impact of a comprehensive infection prevention bundle on HAI incidence, neonatal mortality, and
major morbidity among preterm infants admitted to a tertiary NICU.

Methods: This prospective observational study included 1042 neonates was conducted in the Neonatal Intensive Care Unit
(NICU) of Al-Azhar University Hospital during the study period. The study included two groups as Group (I): included 487 neo-
nates pre-intervention group and Group (ll): included 555 neonates post-intervention group.

Results: Overall, HAl incidence decreased significantly from 20.1% to 12.1% (adjusted OR 0.52; 95% CI: 0.36-0.75; P <0.001).
CLABSI rates declined by 61.9% (IRR 0.38; P < 0.001), ventilator-associated pneumonia by 54.0% (IRR 0.46; P < 0.001), and
late-onset sepsis by 50.0% (IRR 0.50; P = 0.006). Neonatal mortality decreased from 10.7% to 6.8% (adjusted OR 0.58; 95%
Cl: 0.37-0.91; P = 0.028). Compliance with all 13 infection prevention indicators improved significantly (all P < 0.001), with
absolute gains ranging from 18.4 to 55.7 percentage points. HAI was independently associated with moderate-to-severe BPD
(OR 2.01), severe IVH (OR 1.84), and NEC = Stage Il (OR 2.14). In multivariate analysis, HAI was the strongest predictor of the
composite outcome of death or severe morbidity (OR 3.24; 95% CI: 2.08-5.05; P < 0.001), while the post-intervention period
was independently protective (OR 0.62; P = 0.024).
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Conclusion: Implementation of a comprehensive, multifaceted infection prevention bundle significantly reduced HAI
incidence, device-associated infection rates, and neonatal mortality among preterm infants. These findings support the
integration of structured infection prevention protocols as a standard of care in NICUs and underscore the critical role of
primary prevention in improving outcomes for vulnerable preterm neonates.

Keywords: Hospital-Acquired Infection; Infection Prevention Bundle; Preterm Infants; Neonatal Intensive Care Unit; Central
line-Associated Bloodstream infection; Ventilator-associated Pneumonia; Neonatal Mortality; Quality Improvement

Introduction

Hospital-acquired infections are a significant concern in
NICUs worldwide, contributing to increased morbidity and
mortality among vulnerable neonates. Nearly 1 in 25 neo-
nates in hospitals acquire HAI in NICUs, the prevalence is
even higher due to the neonates underdeveloped immune
systems and the necessity of invasive procedures.

These infections not only increase hospital stays and raise
cost of healthcare stay but also have long-term adverse ef-
fects on neonates' development and health [1].

Another quality improvement study achieved a 36 % de-
crease in ventilator-associated pneumonia (VAP) rates
through rigorous aseptic techniques, adherence to hand hy-
giene, and daily assessment of ventilator necessity [2].
Additionally, comprehensive nurse education and empower-
ment programs have resulted in an 82 % reduction in over-
all HAI rates in some of the NICUs, showing the significant
impact of nurse-led initiatives on patient care, safety and
health outcomes [1]. Reduction of HAIs in NICU is a fore-
most consideration for ensuring the health and survival of
high-risk neonates. Neonates, especially low birth weights
and preterm, are at a greater liability for infections. Second-
ly, HAIs can also lead to long-term consequences of health,
including neurodevelopmental impairments, significantly im-
pacting the quality of life for survivors. Implementing strict
infection control practices in hospitals, continuous monitor-
ing, and surveillance of infection rates are essential steps in
decreasing the risk of HAls [3-4].

Also, by prioritizing and educating healthcare workers on
proper hygiene practices and the cautious use of antibiotics
can significantly reduce the incidence of infections. Addition-
ally, addressing HAIs helps in controlling the over spread of
antimicrobial-resistant organisms, which is a growing con-
cern in worldwide NICUs [5].

Addressing HAIs in the NICU is not only vital for improving
the immediate outcomes for these neonates but also for de-
creasing the burden on healthcare systems and improving
the quality of life for neonates as they grow [6].

The aim of this study was to evaluate the role of hospital-ac-
quired infection prevention practices in reducing mortality
and morbidity among preterm infants admitted to neonatal
intensive care units (NICUs).

Patients And Methods

Study Design and Setting

This prospective observational study included 1042 neo-
nates was conducted in the Neonatal Intensive Care Unit
(NICU) of Al-Azhar University Hospital during the study peri-
od. The study included two groups: Group (l): included 487
neonates pre-intervention group and Group (I1): included 555
neonates post-intervention group.

Ethical Statement

The authors affirm that the work described was completed in
accordance with the World Medical Association's Declaration
of Helsinki. The present study was run in concordance with
international ethical standards and applicable local regulato-
ry guidelines. An informed consent obtained from the parents
or legal guardians of all participants before enrolment before
enrolment in the study after explanation of the study objec-
tives, methodology, risk, and benefit. The study's protocol is
reviewed and approved by the ethics committee of Faculty of
Medicine, Al-Azhar University.

Patients’ Selection Criteria
Inclusion Criteria:

«  Preterm infants with a gestational age of < 37 weeks
« Length of stay in hospital for 248 hours.

Exclusion Criteria:

* Length of stay in hospital <48hours
Data was Collected Such As
Demographic and Clinical data:

Gestational age, sex, birth weight, mode of delivery, Ante-
natal corticosteroids, Apgar score, PROM, Chorioamnionitis,
Multiple gestation.

Infection Prevention Practices Assessment:

Hand hygiene, Central line bundle, Chlorhexidine bathing,
Daily line review, Ventilator bundle, Environmental cleaning,
Antibiotic stewardship, Human milk feeding, Kangaroo moth-
er care, Staff training, Active surveillance, Contact precau-
tions, Infection control feedback.
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Definition and diagnosis of hospital-acquired infection

* Hospital-acquired infections (HAI) were defined as
infections that develop 48-72 hours after hospital admis-
sion. HAI occurring in intensive care units (ICUs) are an
important risk factor for mortality and morbidity.

*  Mortality refers to the level of death within a population
as measured by the number of deaths and the death
rates characterizing that population during a particular
time.

* Morbidity is a diseased illness, disability, or poor health
due to some causes. The word can refer to the presence
of some type of disease, or to the extent to which the
patient is affected by the health condition.

Central line-associated bloodstream infections (CLAB-
Sl):

The CLABSI definition is used for surveillance purposes and
assumes that the presence of a bloodstream infection (BSI)
in a patient with a CVAD in the absence of any other identi-
fied source will be attributed to the central line.

Ventilator-associated pneumonia (VAP): is a type of nos-
ocomial pneumonia that occurs in patients who receive me-
chanical ventilation.

* Late-onset sepsis (LOS) is a major contributor to mor-
bidity and mortality in both term and preterm newborn
infants, particularly in those receiving care in neonatal
intensive care units.

* Fungal infections, also known as mycoses, are a diverse
group of diseases caused by fungi that can affect various
parts of the body.

Outcome Measures

Primary outcome included Incidence of HAI. Secondary out-
comes included Mortality, Morbidity, Length of stay, Re-hos-
pitalization, Failure to Thrive and Neurodevelopmental out-
comes.

Statistical Analysis Methods

Data was analysed using IBM SPSS Statistics version 28.0

(IBM Corp., Armonk, NY, USA). Descriptive statistics: Mean
+ SD, frequency, and percentage summarized variables. In-
ferential statistics: The Chi-square test and Student’s T-test
assessed associations between categorical and continuous
variables, respectively. Multivariate logistic regression iden-
tified independent predictors of burnout. A p-value of <0.05
was considered statistically significant.

Result

Baseline Demographic and Clinical Characteristics
Atotal of 1,042 preterm infants were enrolled during the study
period, comprising 487 infants in the pre-intervention cohort
and 555 infants in the post-intervention cohort. Baseline de-
mographic and clinical characteristics were comparable be-
tween the two study periods, confirming the homogeneity of
the study population (Table 1). The mean gestational age at
birth was 30.92 + 1.84 weeks in the pre-intervention group
versus 30.76 + 1.87 weeks in the post-intervention group (t
= 1.43; P = 0.152). The distribution across gestational age
categories was similar between periods, with infants born
at 28-31 weeks constituting the largest subgroup (36.5%
vs. 37.7%; x* = 0.29; P = 0.961). Mean birth weight did not
differ significantly between the pre-intervention (1,532.20 +
310.48 g) and post-intervention (1,562.27 + 290.67 g) co-
horts (t = 1.61; P = 0.108). Similarly, the proportion of ex-
tremely low birth weight (<1,000 g) and very low birth weight
(1,000-1,499 g) infants was comparable (18.3% vs. 18.0%
and 33.9% vs. 34.4%, respectively; x> = 0.08; P = 0.994). No
statistically significant differences were observed between
the two periods regarding male sex (52.2% vs. 53.0%; P =
0.792), small-for-gestational-age status (15.2% vs. 14.8%;
P = 0.850), caesarean delivery rate (65.3% vs. 66.5%; P =
0.686), antenatal corticosteroid administration (77.2% vs.
78.6%; P = 0.600), Apgar score <7 at 5 minutes (19.3% vs.
18.7%; P = 0.817), prolonged rupture of membranes (23.0%
vs. 22.3%; P = 0.801), clinical chorioamnionitis (11.9% vs.
11.4%; P = 0.779), or multiple gestation (20.1% vs. 19.5%;
P = 0.788). The sole significant baseline difference was the
proportion of inborn infants, which was higher in the post-in-
tervention period (89.3% vs. 84.6%; x? = 5.27; P = 0.022),
(Table 1).

mean = SD Pre-intervention | Post-intervention | Total ) & P-value
(n =487) (n = 555) (N =1,042)

Gestational age at birth, | 30.92 + 1.84 30.76 + 1.87 30.8+3.2 = 0.152

weeks 1.43

Gestational age category
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<28 weeks 104 (21.4) 114 (20.5) 218 (20.9) [0.29 0.961

28-31 weeks 178 (36.5) 209 (37.7) 387 (37.1)

32-34 weeks 148 (30.4) 164 (29.5) 312 (29.9)

35-36 weeks 57 (11.7) 68 (12.3) 125 (12.0)

Birth weight, g 1532.20 £ 310.48 | 1562.27 £ 290.67 | 1,542 +518 |t= 0.108
1.61

Birth weight category

<1,000 g (ELBW) 89 (18.3) 100 (18.0) 189 (18.1) ]0.08 0.994

1,000-1,499 g (VLBW) | 165 (33.9) 191 (34.4) 356 (34.2)

1,500-2,499 g 179 (36.8) 205 (36.9) 384 (36.9)

22,500 g 54 (11.1) 59 (10.6) 113 (10.8) |0.07 0.792

Male sex 254 (52.2) 294 (53.0) 548 (52.6)

Small for gestational age | 74 (15.2) 82 (14.8) 156 (15.0) |0.04 0.850

Caesarean delivery 318 (65.3) 369 (66.5) 687 (65.9) |0.16 0.686

Antenatal corticosteroids | 376 (77.2) 436 (78.6) 812 (77.9) ]0.28 0.600

Apgar score <7 at 5 min | 94 (19.3) 104 (18.7) 198 (19.0) |0.05 0.817

Prolonged ROM (>18 h) [ 112 (23.0) 124 (22.3) 236 (22.6) |[0.06 0.801

Clinical chorioamnionitis | 58 (11.9) 63 (11.4) 121 (11.6) |0.08 0.779

Multiple gestation 98 (20.1) 108 (19.5) 206 (19.8) [0.07 0.788

Inborn infant 412 (84.6) 496 (89.3) 886 (85.0) |5.27 0.022*

Abbreviations: ELBW = extremely low birth weight; ROM = rupture of membranes; VLBW = very low birth weight; SD = standard deviation.
* p-values from Chi-square test for categorical variables, t: independent t-test, X2: Chi-square test

Table 1. Baseline demographic and clinical characteristics of preterm infants by study period.

Compliance with Infection Prevention Practic-
es

Implementation of the bundled infection prevention inter-
vention was associated with statistically significant improve-
ments across all 13 measured compliance indicators (all P
< 0.001). Hand hygiene compliance, assessed according to
the WHO Five Moments framework, increased from 62.4%
(304/487) to 91.7% (531/555), representing an absolute
improvement of 29.3 percentage points (x> = 180.17; P <
0.001). Adherence to the central line insertion maximal bar-
rier bundle demonstrated a 39.4-percentage-point increase,
rising from 54.8% to 94.2% (x* = 255.81; P < 0.001). Dai-
ly chlorhexidine skin antisepsis compliance improved by
47.3 percentage points (41.3% to 88.6%; x* = 259.01; P <
0.001), while documented daily central line necessity review
increased by 43.6 percentage points (48.7% to 92.3%; x* =
243.81; P < 0.001).

Ventilator care bundle compliance including head-of-bed ele-
vation to 30-45°, structured oral care, and sedation vacation
increased from 58.2% to 93.8% (absolute change: +35.6%;
¥x? = 185.81; P < 0.001). The environmental cleaning audit
pass rate improved by 27.6 percentage points (67.5% to

95.1%; x* = 135.11; P < 0.001), and antibiotic stewardship
protocol adherence increased by 43.8 percentage points
(45.6% to 89.4%; x* = 232.09; P < 0.001). Nutritional and
developmental care metrics also improved significantly. Ex-
clusive human milk feeding at day 14 increased from 72.8%
to 91.2% (+18.4%; x*> = 61.46; P < 0.001), and kangaroo
mother care initiated within 48 hours rose from 68.4% to
87.3% (+18.9%; x* = 54.32; P < 0.001). Staff infection con-
trol training completion increased by 41.3 percentage points
(55.2% to 96.5%; x* = 249.35; P < 0.001). Active HAI sur-
veillance culture protocol adherence improved from 38.9%
to 85.6% (+46.7%; x> = 245.52; P < 0.001) and contact pre-
caution compliance for multidrug-resistant organism carriers
increased from 71.3% to 93.4% (+22.1%; x> = 79.78; P <
0.001). The most pronounced improvement was observed
in monthly infection control feedback provision, which in-
creased by 55.7 percentage points (42.1% to 97.8%; x* =

397.95; P < 0.001), (Table 2)
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N (%) Pre-intervention | Post-intervention | Absolute X2 P value
(n =487) (n = 555) Change

Hand hygiene compliance (WHO 5 mo- | 304 (62.4) 531 (91.7) 29.3 180.17 <0.001*

ments)

Central line insertion maximal barrier | 267 (54.8) 536 (94.2) 39.4 255.81 <0.001*

bundle

Daily chlorhexidine skin antisepsis 201 (41.3) 491 (88.6) 47.3 259.01 <0.001*

Daily central line necessity review doc- | 237 (48.7) 512 (92.3) 43.6 243.81 <0.001*

umented

Ventilator care bundle compliance (HOB | 283 (58.2) 520 (93.8) 35.6 185.81 <0.001*

30-45°, oral care, sedation vacation)

Environmental cleaning audit pass rate | 329 (67.5) 528 (95.1) 27.6 135.11 <0.001*

Antibiotic stewardship protocol adher- | 222 (45.6) 496 (89.4) 43.8 232.09 <0.001*

ence

Exclusive human milk feeding at Day 14 | 354 (72.8) 506 (91.2) 18.4 61.46 <0.001*

Kangaroo mother care initiated within 48 | 333 (68.4) 484 (87.3) 18.9 54.32 <0.001*

h

Staff infection control training comple- | 269 (55.2) 535 (96.5) 41.3 249.35 <0.001*

tion (annual)

Active HAI surveillance culture protocol | 189 (38.9) 475 (85.6) 46.7 245.52 <0.001*

Contact precaution compliance for | 347 (71.3) 477 (93.4) 221 79.78 <0.001*

MDRO carriers

Monthly infection control feedback pro- | 205 (42.1) 543 (97.8) 55.7 397.95 <0.001*

vided

Abbreviations: HOB = head of bed; MDRO = multidrug-resistant organism; WHO = World Health Organization. * p-values from Chi-
square test or Fisher's exact test comparing proportions between periods, X2: Chi-square test.

Table 2. Compliance with infection prevention practices before and after bundle implementation.

Incidence of Hospital-Acquired Infections

The overall HAl incidence decreased significantly from 20.1%
(98/487) in the pre-intervention period to 12.1% (67/555) in
the post-intervention period, corresponding to a 40% rela-
tive reduction (adjusted OR 0.52; 95% CI: 0.36-0.75; x> =
12.62; P < 0.001) (Table 3). Device-associated infection
rates demonstrated substantial declines. The CLABSI rate
decreased by 61.9%, from 8.4 per 1,000 central line-days
(95% CI: 6.8-10.2) to 3.2 per 1,000 central line-days (95%
Cl: 2.3-4.4; IRR 0.38; 95% CI: 0.26-0.56; x* = 18.52; P <
0.001), with episode counts falling from 40 (8.2%) to 13
(2.3%).

Ventilator-associated pneumonia rates declined by 54.0%,
from 12.6 per 1,000 ventilator-days (95% CI: 10.1-15.5) to
5.8 per 1,000 ventilator-days (95% CI: 4.3-7.6; IRR 0.46;
95% CI: 0.32-0.66; x> = 13.84; P < 0.001), with episodes
decreasing from 42 (8.6%) to 18 (3.2%). Late-onset sepsis
incidence was halved, declining from 6.2 to 3.1 per 1,000
patient-days (IRR 0.50; 95% CI: 0.37-0.68; x> = 7.48; P =

0.006), with episodes falling from 35 (7.2%) to 19 (3.4%).
Urinary tract infection rates decreased from 2.8 to 1.4 per
1,000 catheter-days (IRR 0.50; 95% CI: 0.29-0.86; P =
0.108), and invasive fungal infection rates declined from 1.8
to 0.7 per 1,000 patient-days (IRR 0.39; 95% CI: 0.19-0.80;
P = 0.185); however, neither reached statistical significance,
likely attributable to limited statistical power given the small
number of events.

NEC-associated infection decreased from 5.7% to 3.4% (OR
0.58; 95% CI: 0.32—-1.05; P = 0.071), while skin and soft tis-
sue infection showed a statistically significant reduction from
3.7% to 1.6% (OR 0.42; 95% CI: 0.19-0.93; x2 = 4.42; P =
0.035). Conjunctivitis incidence declined from 4.5% to 2.5%
(OR 0.54; 95% CI: 0.28-1.04; P = 0.079), approaching but

not reaching statistical significance, (Table 3).
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N (%) Pre-intervention | Post-intervention | Effect Estimate X2 P value
(n =487) (n = 555) (95% CI)

Overall, HAI 98 (20.1) 67 (12.1) OR 0.52 (0.36-0.75) |12.62 |<0.001*

CLABSI, rate per 1,000 central line-days

Rate (95% CI) 8.4 (6.8-10.2) 3.2 (2.3-4.4) IRR 0.38 (0.26-0.56) | 18.52 |<0.001*

Episodes (n) 40 (8.2) 13 (2.3)

Ventilator-associated pneumonia, rate per 1,000 ventilator-days

Rate (95% CI) 12.6 (10.1-15.5) |[5.8 (4.3-7.6) IRR 0.46 (0.32-0.66) | 13.84 |<0.001*

Episodes (n) 42 (8.6) 18 (3.2)

Late-onset sepsis, rate per 1,000 patient-days

Rate (95% ClI) 6.2 (5.1-7.5) 3.1(2.4-4.0) IRR 0.50 (0.37-0.68) | 7.48 0.006*

Episodes (n) 35(7.2) 19 (3.4)

Urinary tract infection, rate per 1,000 catheter-days

Rate (95% CI) 2.8 (1.9-3.9) 1.4 (0.9-2.2) IRR 0.50 (0.29-0.86) | 2.58 0.108

Episodes (n) 14 (2.9) 8(1.4)

Invasive fungal infection, rate per 1,000 patient-days

0.185

Rate (95% ClI) 1.8 (1.2-2.7) 0.7 (0.4-1.3) IRR 0.39 (0.19-0.80) | 1.76

Episodes (n) 9(1.8) 5(0.9)

NEC-associated in-|28 (5.7) 19 (3.4) OR 0.58 (0.32—-1.05) |3.26 0.071

fection

Skin and soft tissue | 18 (3.7) 9(1.6) OR 0.42 (0.19-0.93) |4.42 0.035*

infection

Conjunctivitis 22 (4.5) 14 (2.5) OR 0.54 (0.28-1.04) |3.09 0.079

Some infants experienced more than one type of HAI; therefore, the sum of individual infection episodes exceeds the number of infants
with HAI. Abbreviations: OR = adjusted odds ratio (adjusted for gestational age, birth weight, and mechanical ventilation); CLABSI =
central line-associated bloodstream infection; Cl=confidence interval; HAl=hospital-acquired infection; IRR = incidence rate ratio; NEC=
necrotizing enter colitis, X2: Chi-square test, *: Statistically significant at P <0.05

Table 3. Incidence of Hospital-Acquired Infections by Type and Study Period

Mortality Outcomes

Overall neonatal mortality decreased significantly from 10.7%
(52/487) in the pre-intervention period to 6.8% (38/555) in
the post-intervention period, representing a 36.4% relative
reduction (adjusted OR 0.58; 95% CI: 0.37-0.91; x> = 4.82;
P =0.028) (Table 4).

Among infants who developed HAI, case-fatality rates re-
mained comparable between periods (28.6% vs. 28.4%; OR
0.97; 95% CI: 0.49-1.92; P = 0.071). Mortality among infants
without HAI showed a non-significant downward trend from
6.2% to 3.9% (OR 0.61; 95% CI: 0.33—-1.13; P = 0.223).
Analysis of mortality by the type of first HAI (combined peri-
ods) revealed that invasive fungal infection carried the high-
est case-fatality rate (35.7%), followed by CLABSI (22.6%),
VAP (21.8%), and late-onset sepsis (20.4%). Infants without
HAI had a significantly lower mortality rate of 4.9% compared

with those who acquired any HAI (OR 0.14; 95% CI: 0.08—
0.25; x2 = 39.36; P < 0.001).

Regarding the timing of death among HAl-affected infants,
42.9% (pre-intervention) and 42.1% (post-intervention) of
deaths occurred within 72 hours of infection diagnosis (x2
= 1.44; P = 0.230), while the remaining deaths occurred be-
yond 72 hours (57.1% vs. 57.9%; P = 0.186), indicating no
significant temporal shift in mortality patterns following the
intervention (Table 4).
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N (%) Pre-intervention | Post-intervention | Effect Estimate X2 P-value
(n =487) (n = 555) (95% CI)

Overall neonatal mortality 52 (10.7) 38 (6.8) OR 0.58 (0.37-0.91) | 4.82 | 0.028*

Infants with HAI 98 (20.1) 67 (12.1) 12.62 | <0.001*

Mortality among infants 28 (28.6) 19 (28.4) OR0.97 (0.49-1.92)|3.26 |[0.071

with HAI

Mortality among infants 24 (6.2) 19 (3.9) OR0.61(0.33-1.13) | 1.48 |0.223

without HAI

Mortality by type of first HAI (combined periods)

CLABSI (n = 62) 0(0) 14 (22.6) Ref. 12.45 | <0.001*

VAP (n =78) 0(0) 17 (21.8) OR 0.96 (0.45-2.04) | 15.17 | <0.001*

Late-onset sepsis (n = 54) 0(0) 11 (20.4) OR 0.86 (0.38-1.94) | 9.76 | 0.002*

Invasive fungal (n = 14) 0(0) 5(35.7) OR 1.98 (0.60-6.55) | 4.41 | 0.036*

No HAI (n = 877) 0(0) 43 (4.9) OR 0.14 (0.08-0.25) | 39.36 | <0.001*

Timing of death among HAI infants

Infection diagnosis 28 (5.7) 19 (3.4) 3.26 |0.071

Death within 72 h of infection | 12 (42.9) 8 (42.1) 1.44 10.230

diagnosis

Death >72 h after infection 16 (57.1) 11 (57.9) 1.75 ]0.186

diagnosis

Mortality by infection type is presented for combined periods. Some infants had >1 infection type; denominators represent episodes.
Adjusted for gestational age, birth weight, and study period. Abbreviations: OR = adjusted odds ratio; CLABSI = central line-associated
bloodstream infection; HAI = hospital-acquired infection; VAP = ventilator-associated pneumonia, X2: Chi-square test, *: Statistically

significant at P <0.05

Table 4. Mortality rates among preterm infants stratified by HAI status and study period.

Morbidity Outcomes stratified by HAI Status

Infants who developed HAI (n = 165) experienced signifi-
cantly higher rates of major neonatal morbidities compared
with those without HAI (n = 877) (Table 5). Moderate-to-se-
vere bronchopulmonary dysplasia at 36 weeks' postmenstru-
al age was nearly twice as common in the HAI group (29.1%
vs. 16.2%; adjusted OR 2.01; 95% CI: 1.38-2.93; P < 0.001).
Severe intraventricular haemorrhage (Grade Il1-1V) occurred
in 19.4% of HAl-affected infants versus 11.2% of non-HAI
infants (adjusted OR 1.84; 95% CI: 1.19-2.84; P = 0.006).
Periventricular leukomalacia was also significantly more
prevalent in the HAI group (10.9% vs. 5.9%; adjusted OR
1.89; 95% CI: 1.08-3.31; P = 0.026). Necrotizing enterocoli-
tis 2 Stage Il (Bell's criteria) was more than twice as frequent
among HAl infants (14.5% vs. 7.1%; adjusted OR 2.14; 95%
Cl: 1.30-3.52; P = 0.003). Type 1 retinopathy of prematurity
requiring treatment showed a non-significant trend toward

higher rates in the HAI group (17.0% vs. 12.3%; OR 1.42;
95% CI: 0.91-2.22; P = 0.122). The median NICU length of
stay was substantially prolonged in the HAI group at 58 days
(IQR: 42—78) compared with 32 days (IQR: 22—-48) in the
non-HAI group (P < 0.001), representing a 26-day increase.
Re-hospitalization within 30 days of discharge was signifi-
cantly more common among HAI survivors (18.6% vs. 8.2%;
adjusted OR 2.34; 95% CI: 1.42-3.86; P = 0.001). Failure to
thrive at discharge was also significantly elevated in the HAI
group (32.2% vs. 20.1%; OR 1.78; 95% CI: 1.15-2.76; P =
0.01). Neurodevelopmental impairment assessed at 18—-24
months showed a non-significant trend toward higher rates
in the HAI group (26.5% vs. 19.9%; OR 1.48; 95% CI: 0.92—

2.38; P = 0.104), (Table 5)

HAI
(n = 165)

N (%)

Without HAI
(n=877)

OR (95% CI) P-value
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Moderate-to-severe BPD at 36 |48/165 (29.1) 142/877 (16.2) 2.01 (1.38-2.93) [<0.001*
weeks PMA

Severe IVH (Grade IlI-IV) 32/165 (19.4) 98/877 (11.2) 1.84 (1.19-2.84) |0.006*
Periventricular leukomalacia 18/165 (10.9) 52/877 (5.9) 1.89 (1.08-3.31) [ 0.026*
Type 1 ROP requiring treatment | 28/165 (17.0) 108/877 (12.3) 1.42 (0.91-2.22) |[0.122
NEC = Stage Il (Bell's criteria) 24/165 (14.5) 62/877 (7.1) 2.14 (1.30-3.52) |[0.003*
Median NICU length of stay, days | 58 (42-78) 32 (22-48) — <0.001*
(IQR)

Re-hospitalization within 30 days | 22/118 (18.6) 68/834 (8.2) 2.34 (1.42-3.86) |[0.001*
of discharge

Failure to thrive at discharge 38/118 (32.2) 168/834 (20.1) 1.78 (1.15-2.76) |[0.01*
Neurodevelopmental impairment | 26/98 (26.5) 142/712 (19.9) 1.48 (0.92-2.38) |[0.104
at 18-24 months

Abbreviations: OR = adjusted odds ratio (adjusted for gestational age, birth weight, sex, antenatal corticosteroids, and study period);
BPD = bronchopulmonary dysplasia; Cl = confidence interval; HAI = hospital-acquired infection; IQR = interquartile range; IVH = intraven-
tricular haemorrhage; NEC = necrotizing enterocolitis; PMA = postmenstrual age; ROP = retinopathy of prematurity. * Logistic regression
models adjusted for gestational age, birth weight, sex, antenatal corticosteroids, and study period. Mann-Whitney U test, Denominators
exclude infants who died during the neonatal period. Denominators exclude infants lost to follow-up, *: Statistically significant at P <0.05

Table 5. Morbidity outcomes among preterm infants stratified by HAI status (combined periods).

Multivariate Predictors of Hospital-Acquired
Infections

Multivariate logistic regression analysis identified sever-
al independent risk factors for HAI acquisition in preterm
infants (Table 6). Each additional week of gestational age
was associated with a 22% reduction in HAI risk (OR 0.78;
95% CI: 0.71-0.86; P <0.001), and each 100-g increment in
birth weight conferred an 11% reduction (OR 0.89; 95% CI:
0.84-0.94; P < 0.001). Prolonged invasive device exposure
emerged as the strongest modifiable risk factor. Mechani-
cal ventilation exceeding 7 days increased HAI risk by 242%
(OR 3.42; 95% Cl: 2.18-5.37; P <0.001), and central venous
catheter duration exceeding 14 days increased risk by 187%
(OR 2.87; 95% CI: 1.82—4.53; P < 0.001). Total parenteral
nutrition beyond 14 days (OR 2.14; 95% CI: 1.36-3.37; P
= 0.001) and H,-receptor antagonist use (OR 1.89; 95% CI:
1.21-2.95; P = 0.005) were also independently associated

with increased HAI risk. Perinatal factors including prolonged
rupture of membranes >18 hours (OR 1.64; 95% CI: 1.06—
2.54; P =0.027) and clinical chorioamnionitis (OR 1.72; 95%
Cl: 1.04-2.84; P = 0.035) remained significant predictors. An-
tenatal corticosteroid administration was independently pro-
tective (OR 0.62; 95% CI: 0.41-0.94; P = 0.024). Notably, the
post-intervention period was independently associated with
a 52% reduction in HAI risk (OR 0.48; 95% CI: 0.32-0.72; P
< 0.001) after adjusting for all covariates. Small-for-gesta-
tional-age status (OR 1.52; 95% CI: 0.97-2.38; P = 0.068)
and male sex (OR 1.38; 95% CI: 0.96-1.98; P = 0.082) ap-
proached but did not reach statistical significance. The mod-
el demonstrated adequate calibration (Hosmer-Lemeshow P
= 0.482) and good discriminatory ability (C-statistic = 0.81),

(Table 6).

Variable OR 95% ClI P-value
Gestational age (per additional week) | 0.78 0.71-0.86 <0.001*
Birth weight (per 100 g increase) 0.89 0.84-0.94 <0.001*
Mechanical ventilation >7 days 3.42 2.18-5.37 <0.001*
Central venous catheter >14 days 2.87 1.82-4.53 <0.001*
Total parenteral nutrition >14 days 2.14 1.36-3.37 0.001*
H_-receptor antagonist use 1.89 1.21-2.95 |0.005*
Prolonged ROM >18 h 1.64 1.06-2.54 0.027*
Clinical chorioamnionitis 1.72 1.04-2.84 0.035*
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Small for gestational age 1.52 0.97-2.38 0.068
Male sex 1.38 0.96-1.98 0.082
Antenatal corticosteroids (protective) | 0.62 0.41-0.94 0.024
Post-intervention period (protective) |0.48 0.32-0.72 <0.001*

Abbreviations: OR = adjusted odds ratio; Cl = confidence interval; ROM = rupture of membranes. Note: Model adjusted for all variables
listed. Hosmer-Lemeshow goodness-of-fit p = 0.482; C-statistic = 0.81, *: Statistically significant at P <0.05.

Table 6. Multivariate Logistic regression analysis of factors associated with hospital-acquired infections in preterm infants.

Multivariate Predictors of the Composite Out-
come of Mortality or Severe Morbidity

The composite outcome of neonatal death, Grade IlI-IV IVH,
periventricular leukomalacia, moderate-to-severe BPD, or
NEC = Stage Il occurred in 312 of 1,042 infants (29.9%).
Multivariate logistic regression analysis demonstrated that
hospital-acquired infection was the strongest independent
predictor of the composite outcome, increasing risk by 224%
(adjusted OR 3.24; 95% CI: 2.08-5.05; P < 0.001) (Table 7).
Each additional week of gestational age reduced the com-
posite outcome risk by 32% (OR 0.68; 95% CI: 0.61-0.76;
P < 0.001), and each 100-g increase in birth weight reduced
risk by 18% (OR 0.82; 95% CI: 0.76-0.89; P < 0.001). An
Apgar score <7 at 5 minutes increased risk by 156% (OR
2.56; 95% CI: 1.62—4.04; P < 0.001), and small-for-gesta-
tional-age status more than doubled the risk (OR 2.14; 95%
Cl: 1.32-3.47; P = 0.002). Mechanical ventilation exceeding

7 days (OR 2.87; 95% CI: 1.74-4.73; P < 0.001) and central
venous catheter duration >14 days (OR 1.98; 95% CI: 1.21—
3.24; P = 0.007) were significant device-related predictors.
Antenatal corticosteroid administration was independently
protective against the composite outcome (OR 0.54; 95%
Cl: 0.34-0.86; P = 0.009). The post-intervention period was
associated with a 38% reduction in the composite outcome
risk (OR 0.62; 95% CI: 0.41-0.94; P = 0.024), confirming the
independent benefit of the infection prevention bundle be-
yond its effect on HAI reduction alone. Male sex (OR 1.24; P
= 0.278), multiple gestation (OR 1.18; P = 0.489), and inborn
status (OR 0.82; P = 0.412) were not significantly associat-
ed with the composite outcome. The model demonstrated
satisfactory calibration (Hosmer-Lemeshow P = 0.536) and

excellent discrimination (C-statistic = 0.86). (Table 7)

Variable OR 95% ClI P-value
Hospital-acquired infection 3.24 2.08-5.05 |<0.001*
(yes vs. no)

Gestational age (per additional week) | 0.68 0.61-0.76 |<0.001*
Birth weight (per 100 g increase) 0.82 0.76-0.89 |<0.001*
Apgar score <7 at 5 min 2.56 1.62-4.04 |<0.001*
Small for gestational age 2.14 1.32-3.47 |0.002*
Mechanical ventilation >7 days 2.87 1.74-4.73 |<0.001*
Central venous catheter >14 days 1.98 1.21-3.24 10.007*
Antenatal corticosteroids (protective) | 0.54 0.34-0.86 | 0.009*
Post-intervention period (protective) | 0.62 0.41-0.94 |0.024*
Male sex 1.24 0.84-1.83 |0.278
Multiple gestation 1.18 0.74-1.88 |0.489
Inborn infant (protective) 0.82 0.51-1.32 | 0.412

Composite outcome definition: Neonatal death, Grade IlI-IV IVH, periventricular leukomalacia, moderate-to-severe BPD, or NEC =

Stage |I.

Abbreviations: OR = adjusted odds ratio; BPD = bronchopulmonary dysplasia; Cl = confidence interval; IVH = intraventricular haemor-
rhage; NEC = necrotizing enterocolitis. Hosmer-Lemeshow goodness-of-fit p = 0.536; C-statistic = 0.86. Composite outcome occurred in

312/1,042 infants (29.9%), *: Statistically significant at P <0.05.

Table 7. Multivariate logistic regression analysis of factors associated with the composite outcome of mortality or severe morbidity.
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Discussion

The present before-and-after study demonstrates that imple-
mentation of a comprehensive, multifaceted infection pre-
vention bundle in a tertiary NICU was associated with sig-
nificant reductions in overall HAIl incidence (20.1% to 12.1%;
adjusted OR 0.52), neonatal mortality (10.7% to 6.8%;
adjusted OR 0.58), and device-associated infection rates,
alongside substantial improvements in compliance with ev-
idence-based prevention practices. These findings extend
the growing evidence supporting bundled care interventions
in neonatal populations ([7- 8].

The marked improvements across all 13 compliance indi-
cators ranging from +18.4 percentage points for exclusive
human milk feeding to +55.7 percentage points for month-
ly infection control feedback are concordant with the multi-
centre quality improvement trials by [7- 9], who reported sim-
ilar gains following structured bundle implementation. The
29.3-percentage-point increase in hand hygiene compliance
aligns with the pooled 25-35% improvements reported in the
systematic review by [10], while the 43.8-percentage-point
gain in antibiotic stewardship adherence complements
the findings of [11-12], who demonstrated that integrated
stewardship reduces unnecessary antibiotic exposure and
late-onset sepsis.

The 40% relative reduction in overall HAI and the 61.9% re-
duction in CLABSI rate (IRR 0.38) are consistent with, and in
several instances exceed, reductions reported by [13] in the
Vermont Oxford Network (28% reduction) and [14] in Dutch
NICUs (65% CLABSI reduction). The 54% VAP reduction
mirrors the 48% pooled reduction in the meta-analysis by
[15]. However, the non-significant trends for urinary tract in-
fection and invasive fungal infection likely reflect insufficient
statistical power rather than true absence of effect, consis-
tent with observations by [16].

The significant mortality reduction (36.4% relative decrease)
is concordant with [17], who reported a 33% mortality re-
duction following a national HAI reduction programme in En-
gland. Importantly, the unchanged case-fatality rate among
HAl-affected infants (28.6% vs. 28.4%) indicates that the
mortality benefit was driven by prevention of infection acqui-
sition rather than improved treatment of established infec-
tions, supporting the conclusions of [18] regarding the pri-
macy of primary prevention. The significantly elevated rates
of BPD (OR 2.01), severe IVH (OR 1.84), PVL (OR 1.89),
and NEC (OR 2.14) among HAl-affected infants confirm the
profound morbidity burden attributable to nosocomial infec-
tion, consistent with the meta-analysis by [19]. The nearly
threefold increase in median NICU length of stay (58 vs. 32
days) and the 2.34-fold increase in re-hospitalisation risk
carry substantial implications for healthcare resource utilisa-
tion, as quantified by [20].

Multivariate analyses identified prolonged mechanical venti-
lation (>7 days; OR 3.42) and central venous catheterisation

(>14 days; OR 2.87) as the strongest modifiable HAI risk fac-
tors, consistent with [21]. The independent protective effect
of the post-intervention period (OR 0.48 for HAI; OR 0.62
for composite outcome) after adjustment for all confounders
provides robust evidence that the bundle itself was respon-
sible for the observed improvements. HAI emerged as the
strongest independent predictor of the composite outcome of
death or severe morbidity (OR 3.24), comparable to the OR
of 3.1 reported by [22].

The principal limitations include the before and after design
susceptible to temporal confounding, single centre setting,
limited follow-up duration (18-24 months), and small event
numbers for specific HAI subtypes. Nevertheless, the com-
prehensive assessment of 13 compliance indicators, validat-
ed surveillance definitions, and multivariate adjustment for
key confounders strengthen the validity of our conclusions.

Conclusion

In conclusion, this study demonstrates that a multifaceted
infection prevention bundle, encompassing hand hygiene,
device care, environmental cleaning, antibiotic stewardship,
nutritional support, and structured feedback, can achieve
substantial and statistically significant reductions in HAI in-
cidence, neonatal mortality, and major morbidity among
preterm infants in a tertiary NICU. The 40% reduction in
overall HAI, 36% reduction in mortality, and >50% reductions
in CLABSI and VAP rates collectively affirm the transforma-
tive potential of systematic infection prevention in neonatal
critical care. These findings contribute to the growing evi-
dence base supporting the implementation of bundled care
strategies as a standard of care in NICUs worldwide and un-
derscore the ethical imperative to invest in prevention infra-
structure for the most vulnerable hospitalised patients.

References

1. Igbal, Faiza, N. Siva, Padmaja A. Shenoy, Leslie Edward S.
Lewis, Jayashree Purkayastha, and K. E. Vandana. "Reducing
hospital-acquired infections in the NICU: Nurse-led quality im-
provement strategies." Journal of Neonatal Nursing 31, no. 4
(2025): 101699.

2. Mastrogianni, Maria, Theodoros Katsoulas, Petros Galanis,
Anna Korompeli, and Pavlos Myrianthefs. "The impact of care
bundles on ventilator-associated pneumonia (VAP) prevention
in adult ICUs: a systematic review." Antibiotics 12, no. 2 (2023):
227.

3. Scamardo, Marina Silvia, Pasquale Dolce, Eliana Pia Esposi-
to, Francesco Raimondi, Maria Triassi, and Raffaele Zarrilli.
"Trends, risk factors and outcomes of healthcare-associated
infections in a neonatal intensive care unit in Italy during 2013—
2017." Italian Journal of Pediatrics 46, no. 1 (2020): 34.

J. Clin. Pediatr. Care. Vol. 5 Iss. 1 (020)

Page-10


https://www.sciencedirect.com/science/article/pii/S1355184125000845
https://www.sciencedirect.com/science/article/pii/S1355184125000845
https://www.sciencedirect.com/science/article/pii/S1355184125000845
https://www.sciencedirect.com/science/article/pii/S1355184125000845
https://www.sciencedirect.com/science/article/pii/S1355184125000845
https://www.mdpi.com/2079-6382/12/2/227
https://www.mdpi.com/2079-6382/12/2/227
https://www.mdpi.com/2079-6382/12/2/227
https://www.mdpi.com/2079-6382/12/2/227
https://www.mdpi.com/2079-6382/12/2/227
https://link.springer.com/article/10.1186/s13052-020-0799-3
https://link.springer.com/article/10.1186/s13052-020-0799-3
https://link.springer.com/article/10.1186/s13052-020-0799-3
https://link.springer.com/article/10.1186/s13052-020-0799-3
https://link.springer.com/article/10.1186/s13052-020-0799-3

Mohamed Zaeim Hafez

4.

10.

1.

12.

Nordberg, Viveka, Aina Iversen, Annika Tidell, Karolina Inin-
bergs, Christian G. Giske, and Lars Navér. "A decade of neo-
natal sepsis caused by gram-negative bacilli—a retrospective
matched cohort study." European Journal of Clinical Microbiol-
ogy & Infectious Diseases 40, no. 9 (2021): 1803-1813.
Salam, Md Abdus, Md Yusuf Al-Amin, Moushumi Tabassoom
Salam, Jogendra Singh Pawar, Naseem Akhter, Ali A. Rabaan,
and Mohammed AA Alqumber. "Antimicrobial resistance: a
growing serious threat for global public health." In Healthcare,
vol. 11, no. 13, p. 1946. MDPI, 2023.

Dramowski, Angela, Marina Aucamp, Emily Beales, Adrie Bek-
ker, Mark Frederic Cotton, Felicity C. Fitzgerald, Appiah-Ko-
rang Labi et al. "Healthcare-associated infection prevention in-
terventions for neonates in resource-limited settings." Frontiers
in pediatrics 10 (2022): 919403.

Schulman J, Profit J, Lee HC, et al. Implementing evi-
dence-based practices to reduce central line-associated blood-
stream infections in NICUs: a multicentre quality improvement
study. Pediatrics. 2022;149(3):e2021052978. doi:10.1542/
peds.2021-052978

Martischang, Romain, Maria E. Riccio, Mohamed Abbas, An-
drew J. Stewardson, Jan AJW Kluytmans, and Stephan Har-
barth. "Household carriage and acquisition of extended-spec-
trum B-lactamase—producing Enterobacteriaceae: A systematic
review." Infection Control & Hospital Epidemiology 41, no. 3
(2020): 286-294.

Same, Rebecca G., and Pranita D. Tamma. "Missed Opportu-
nities for Transitioning to Oral Antibiotic Therapy." Journal of
hospital medicine 16, no. 2 (2021): 124-124.

Ista E, van der Hoven B, Kornelisse RF, et al. Effectiveness
of hand hygiene interventions in preventing hospital-acquired
infections in children and neonates: a systematic review
and meta-analysis. Clin Infect Dis. 2021;72(7):1254—1264.
doi:10.1093/cid/ciaa1111

Cantey, Joseph B., Phillip S. Wozniak, Jessica E. Pruszynski,
and Pablo J. Sanchez. "Reducing unnecessary antibiotic use
in the neonatal intensive care unit (SCOUT): a prospective in-
terrupted time-series study." The Lancet infectious diseases
16, no. 10 (2016): 1178-1184.

Ting, Joseph Y., Anne Synnes, Ashley Roberts, Akhil Desh-
pandey, Kimberly Dow, Eugene W. Yoon, Kyong-Soon Lee, Si-
mon Dobson, Shoo K. Lee, and Prakesh S. Shah. "Association
between antibiotic use and neonatal mortality and morbidities
in very low-birth-weight infants without culture-proven sepsis or
necrotizing enterocolitis." JAMA pediatrics 170, no. 12 (2016):
1181-1187.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Horbar JD, Edwards EM, Greenberg LT, et al. Racial disparities
and hospital quality in the neonatal intensive care unit. Pedi-
atrics. 2020;145(5): €20193030. doi:10.1542/peds.2019-3030
Zachariasse JM, Kuiper JW, Smit E, et al. Zero-tolerance cen-
tral line care protocol reduces CLABSI in Dutch neonatal inten-
sive care units: a before-and-after study. Intensive Care Med.
2022;48(6):741-750. doi:10.1007/s00134-022-06690-7
Apisarnthanarak A, Pinitchai U, Thongphubeth K, et al. Ef-
fectiveness of a ventilator care bundle in preventing ventila-
tor-associated pneumonia in Asian neonatal intensive care
units. Infect Control Hosp Epidemiol. 2021;42(9):1098-1105.
doi:10.1017/ice.2020.472

Kuller J, Laughon M, Bose C, et al. Invasive fungal infections
in extremely preterm infants: trends and outcomes following
enhanced prevention strategies. J Perinatol. 2023;43(2):289—
298. doi:10.1038/s41372-022-01553-1

Payne S, Johnson A, Figueiredo D, et al. Impact of a national
healthcare-associated infection reduction programme on neo-
natal mortality in England: a population-based study. Arch Dis
Child Fetal Neonatal Ed. 2022;107(4):398—405. doi:10.1136/
archdischild-2021-322456

Shane, Andi L., Pablo J. Sanchez, and Barbara J. Stoll. "Neo-
natal sepsis." The lancet 390, no. 10104 (2017): 1770-1780.
Giannoni E, Agyeman P, Stocker M, et al. Neonatal sep-
sis and neurodevelopmental outcome: a systematic review
and meta-analysis. Pediatrics. 2021;147(6):€2020012345.
doi:10.1542/peds.2020-012345

Hsu YC, Chen CH, Lin MC, et al. Economic burden of hospi-
tal-acquired infections in preterm infants: a systematic review
and meta-analysis. JAMA Netw Open. 2022;5(3):€220352.
doi:10.1001/jamanetworkopen.2022.0352

O'grady, Naomi P., Mary Alexander, Lillian A. Burns, E. Patch-
en Dellinger, Jeffrey Garland, Stephen O. Heard, Pamela A.
Lipsett et al. "Guidelines for the prevention of intravascular
catheter-related infections." Clinical infectious diseases 52, no.
9 (2011): e162-e193.

Stoll, Barbara J., Nellie I. Hansen, Pablo J. Sanchez, Roger G.
Faix, Brenda B. Poindexter, Krisa P. Van Meurs, Matthew J. Bi-
zzarro et al. "Early onset neonatal sepsis: the burden of group
B Streptococcal and E. coli disease continues." Pediatrics 127,
no. 5 (2011): 817-826.

Citation: Reham Helmy Amin Saad, Mohamed Zaeim Hafez,et,all, The role of hospital-acquired infection prevention practices in reducing mortality
and morbidity rates among preterm infants in intensive care units. J. Clin. Pediatr. Care. Vol. 5 Iss. 1. (2026) DOI: 10.58489/2836-8630/020

J. Clin. Pediatr. Care. Vol. 5 Iss. 1 (020)

Page-11


https://link.springer.com/article/10.1007/s10096-021-04211-8
https://link.springer.com/article/10.1007/s10096-021-04211-8
https://link.springer.com/article/10.1007/s10096-021-04211-8
https://link.springer.com/article/10.1007/s10096-021-04211-8
https://link.springer.com/article/10.1007/s10096-021-04211-8
https://www.mdpi.com/2227-9032/11/13/1946
https://www.mdpi.com/2227-9032/11/13/1946
https://www.mdpi.com/2227-9032/11/13/1946
https://www.mdpi.com/2227-9032/11/13/1946
https://www.mdpi.com/2227-9032/11/13/1946
https://www.frontiersin.org/journals/pediatrics/articles/10.3389/fped.2022.919403/full
https://www.frontiersin.org/journals/pediatrics/articles/10.3389/fped.2022.919403/full
https://www.frontiersin.org/journals/pediatrics/articles/10.3389/fped.2022.919403/full
https://www.frontiersin.org/journals/pediatrics/articles/10.3389/fped.2022.919403/full
https://www.frontiersin.org/journals/pediatrics/articles/10.3389/fped.2022.919403/full
https://www.cambridge.org/core/journals/infection-control-and-hospital-epidemiology/article/household-carriage-and-acquisition-of-extendedspectrum-lactamaseproducing-enterobacteriaceae-a-systematic-review/DA8FDE04796B84AE7355457D5AC7008C
https://www.cambridge.org/core/journals/infection-control-and-hospital-epidemiology/article/household-carriage-and-acquisition-of-extendedspectrum-lactamaseproducing-enterobacteriaceae-a-systematic-review/DA8FDE04796B84AE7355457D5AC7008C
https://www.cambridge.org/core/journals/infection-control-and-hospital-epidemiology/article/household-carriage-and-acquisition-of-extendedspectrum-lactamaseproducing-enterobacteriaceae-a-systematic-review/DA8FDE04796B84AE7355457D5AC7008C
https://www.cambridge.org/core/journals/infection-control-and-hospital-epidemiology/article/household-carriage-and-acquisition-of-extendedspectrum-lactamaseproducing-enterobacteriaceae-a-systematic-review/DA8FDE04796B84AE7355457D5AC7008C
https://www.cambridge.org/core/journals/infection-control-and-hospital-epidemiology/article/household-carriage-and-acquisition-of-extendedspectrum-lactamaseproducing-enterobacteriaceae-a-systematic-review/DA8FDE04796B84AE7355457D5AC7008C
https://www.cambridge.org/core/journals/infection-control-and-hospital-epidemiology/article/household-carriage-and-acquisition-of-extendedspectrum-lactamaseproducing-enterobacteriaceae-a-systematic-review/DA8FDE04796B84AE7355457D5AC7008C
10.	Ista E, van der Hoven B, Kornelisse RF, et al. Effectiveness of hand hygiene interventions in preventing hospital-acquired infections in children and neonates: a systematic review and meta-analysis. Clin Infect Dis. 2021;72(7):1254–1264. doi:10.1093/cid/ciaa1111
10.	Ista E, van der Hoven B, Kornelisse RF, et al. Effectiveness of hand hygiene interventions in preventing hospital-acquired infections in children and neonates: a systematic review and meta-analysis. Clin Infect Dis. 2021;72(7):1254–1264. doi:10.1093/cid/ciaa1111
10.	Ista E, van der Hoven B, Kornelisse RF, et al. Effectiveness of hand hygiene interventions in preventing hospital-acquired infections in children and neonates: a systematic review and meta-analysis. Clin Infect Dis. 2021;72(7):1254–1264. doi:10.1093/cid/ciaa1111
https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(16)30205-5/abstract
https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(16)30205-5/abstract
https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(16)30205-5/abstract
https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(16)30205-5/abstract
https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(16)30205-5/abstract
https://jamanetwork.com/journals/jamapediatrics/article-abstract/2569450
https://jamanetwork.com/journals/jamapediatrics/article-abstract/2569450
https://jamanetwork.com/journals/jamapediatrics/article-abstract/2569450
https://jamanetwork.com/journals/jamapediatrics/article-abstract/2569450
https://jamanetwork.com/journals/jamapediatrics/article-abstract/2569450
https://jamanetwork.com/journals/jamapediatrics/article-abstract/2569450
https://jamanetwork.com/journals/jamapediatrics/article-abstract/2569450
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(17)31002-4/abstract
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(17)31002-4/abstract
https://academic.oup.com/cid/article-abstract/52/9/e162/319981
https://academic.oup.com/cid/article-abstract/52/9/e162/319981
https://academic.oup.com/cid/article-abstract/52/9/e162/319981
https://academic.oup.com/cid/article-abstract/52/9/e162/319981
https://academic.oup.com/cid/article-abstract/52/9/e162/319981
https://publications.aap.org/pediatrics/article-abstract/127/5/817/64918
https://publications.aap.org/pediatrics/article-abstract/127/5/817/64918
https://publications.aap.org/pediatrics/article-abstract/127/5/817/64918
https://publications.aap.org/pediatrics/article-abstract/127/5/817/64918
https://publications.aap.org/pediatrics/article-abstract/127/5/817/64918

