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Abstract

Participation in European surveillance for bloodstream infection (BSI) commenced in Ireland
in 1999 with all laboratories (n = 39) participating by 2014. Observational hand hygiene audit-
ing (OHHA) was implemented in 2011. The aim of this study was to evaluate the impact of
OHHA on hand hygiene compliance, alcohol hand rub (AHR) procurement and the inci-
dence of sensitive and resistant Staphylococcus aureus and Enterococcus faecium and faecalis
BSI. A prospective segmented regression analysis was performed to determine the temporal
association between OHHA and outcomes. Observed hand hygiene improved from 74.7%
(73.7–75.6) in 2011 to 90.8% (90.1–91.3) in 2016. AHR procurement increased from 20.1 l/
1000 bed days used (BDU) in 2009 to 33.2 l/1000 BDU in 2016. A pre-intervention reduction
of 2% per quarter in the ratio of methicillin sensitive Staphylococcus aureus BSI/BDU stabi-
lized in the time period after the intervention (P < 0.01). The ratio of Methicillin resistant
Staphylococcus aureus (MRSA) BSI/BDU was decreasing by 5% per quarter pre-intervention,
this slowed to 2% per quarter post intervention, (P < 0.01). There was no significant change in
the ratio of vancomycin sensitive (P = 0.49) or vancomycin resistant (P = 0.90) Enterococcus
sp. BSI/BDU post intervention. This study shows national OHHA increased observed hand
hygiene compliance and AHR procurement, however there was no associated reduction in
BSI.

Introduction

Bloodstream infection (BSI) is a serious complication of healthcare with mortality estimated at
15.3% of cases (95% CI: 14.8–15.8) in Ireland [1]. Participation in European surveillance for
BSI commenced in Ireland in 1999 [2]. National engagement with this surveillance was enthu-
siastic with complete coverage by 2007 and all laboratories (n = 37) continuing to participate in
2016 with an estimated overall population coverage of 99% [3]. The Health Service Executive
(HSE) is the organization which provides structure and governance for public health services
provision in Ireland. Public reporting of hospital specific BSI data commenced in 2008 on the
recommendation of the Health Service Executive strategy for the prevention and control of
healthcare-associated infection (HCAI), with the first report published in 2009 [4]. While
Staphylococcus aureus and enterococci have different reservoirs they are common causes of
hospital acquired BSI [5]. Antimicrobial resistant BSI is more difficult to treat and result in
higher morbidity and mortality [6, 7]. In Europe between 2013 and 2016 the reported preva-
lence of methicillin resistant Staphylococcus aureus (MRSA) BSI reduced significantly while
there was no significant change in the overall prevalence of vancomycin resistant enterococci
(VRE) BSI [8].

HCAIs cause significant morbidity and mortality worldwide [9]. Compliance with recom-
mended hand hygiene guidelines reduces the risk of acquiring HCAI and improves patient
safety [10]. The World Health Organization (WHO) recommends implementation of a multi-
modal intervention strategy to improve hand hygiene compliance [11]. This strategy includes
training and education, observation of hand hygiene practice with feedback, provision of hand
hygiene reminders, system change with provision of adequate resources and creation of an
organizational safety culture. Observational hand hygiene auditing (OHHA) involves a trained
observer monitoring and recording healthcare worker compliance with the WHO ‘five
moments for hand hygiene’ [12]. Compliance is calculated as a percentage using the total
number of opportunities available for hand hygiene as the denominator and the opportunities
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taken by the healthcare worker as the numerator. OHHA using a
standardized methodology was implemented initially in the HSE
in 2011. Each hospital site was required to report between 180 and
210 observations per biannual audit. These data were collected
from a maximum of seven units per hospital with 44 hospitals
participating in 2016. The units to be audited were selected by a
computer programme reducing the risk of selection bias.
Observed hand hygiene compliance was 74.7% (73.7–75.6) in
2011 and increased to 90.8% (90.1–91.3) in 2016 [13].

In this study we describe the impact of OHHA on the rate of
hand hygiene compliance, alcohol hand rub (AHR) procurement
and the prevalence of methicillin sensitive Staphylococcus aureus
(MSSA), MRSA, vancomycin sensitive enterococci (VSE) and
VRE BSIs in Irish hospitals over an 8-year period. BSIs were cho-
sen as the outcome measure as there was no other suitable robust
national infection data set available to assist in the evaluation of
the hand hygiene audit intervention for the time period in
question.

Methods

Study design

A prospective longitudinal study design comparing trends before
and after the OHHA intervention. This design is recommended
when randomized controlled trials are not feasible or unethical
[14].

Population

The research intervention sites included all acute hospitals in
Ireland, with approximately 14 000 acute HSE beds in 2007
[15]. These sites catered for an estimated catchment population
of 4 761 865 in 2016.

Intervention

Nationally reported biannual OHHA which commenced in
March/April 2011 [13].

Control

The intervention was implemented both in quarter one and two
in 2011 dependent on the hospital site. For the purpose of the seg-
mented regression analysis the pre-intervention period extends
from quarter one 2009 to quarter four 2010. This period acts as
a control for the analysis. An intervention gap to allow for the
effect of the OHHA includes quarter one and two of 2011. The
post intervention period extends from quarter three 2011 quarter
four 2016.

Outcome

The primary outcome was data from the European Antimicrobial
Resistance Surveillance Network (EARS-Net). The aim of
EARS-Net is to create comparable, accurate antimicrobial resist-
ance data that represents trends in Europe to inform policy deci-
sions and stewardship interventions. EARS-Net collects clinical
antimicrobial susceptibility testing data on the first isolate per
patient per quarter of eight different pathogens [16]. BSI was
defined using the Centers of Disease Control and Prevention/
National Healthcare Safety Network definitions [17]. For the

purpose of this study MSSA, MRSA, VSE and VRE expressed
as the ratio of BSI cases per 1000 bed days used (BDU) (range
940 703–1 013 086) were analysed [18]. Secondary outcomes
were the rate of observed hand hygiene compliance and the vol-
ume of AHR (litres/1000 BDU) procured.

Statistical analysis

We calculated the rates of hand hygiene compliance and AHR
and, ratios of BSI to BDU. A segmented regression analysis was
carried out using a generalized linear model with a log link and
robust variance.

Yt(BSI) = b0 + b1t1 + b2t2 + b3Gap

where,
Yt (BSI) = ln (mean number of BSI cases per 1000 BDU)
t1 = t− 11 for t⩽ 11, 0 for t > 11
t2 = t− 11 for t⩾ 11, 0 for t < 11
Gap = 1 if t = 9 or t = 10, 0 for t < 9 or t > 10 [19]
An intervention gap from 1st January 2011 to 30th June 2011

was used in the interrupted analysis to allow for the bedding in of
the intervention. We fitted models that looked for a change in
level and change in slope. The slopes before and after intervention
were compared using a Wald test. Results are presented as esti-
mates with 95% confidence intervals. Statistical significance was
defined as P < 0.05. Analyses were performed using Stata version
14 [20].

Ethical approval

Ethical approval for the study was granted by the relevant ethics
committee.

Results

Observed hand hygiene compliance increased significantly from
74.6% (73.7–75.6) in the first audit in 2011 to 90.8% (90.1–
91.3) in audit 12 in 2016 (P < 0.001). The hand hygiene outcome
variables are presented per year in Table 1.

The rate of national AHR procurement increased from 20.1 l/
1000 BDU in quarter one, 2009 to 33.2 l/1000 BDU in quarter
four, 2016. Due to the presence of an outlier in quarter three
2011, models that included and excluded the outlier were run.
Whether this outlier was included or not, there was no significant
difference in slope before and after the OHHA intervention
(P = 0.76). However, there was a significant jump with an increase
following the intervention, (P < 0.01), Figure 1.

BSIs were tested for a change in slope both pre and post-
intervention, Table 2.

The ratio of MSSA BSI/BDU was decreasing by 2% per quarter
prior to the intervention. After the introduction of OHHA, the
decline levelled off with 0.01% change per quarter. There is a sig-
nificant difference when the ratios from the pre and post-
intervention periods were compared (P < 0.01).

The ratio of MRSA BSI/BDU was decreasing by 5% per quarter
pre-intervention and continued to decrease by 2% per quarter
post-intervention with a significant change (P < 0.01), Figure 2,
Table 2.

The ratio of VSE BSI/BDU decreased by 1% per quarter pre-
intervention; however, increased by 1% in the post-intervention
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period, but the change was not significant, (P = 0.49). The ratio of
VRE BSI/BDU remained stable pre and post-intervention with no
significant difference (P = 0.90), Table 2, Figure 2.

Discussion

Observed hand hygiene compliance improved over the study per-
iod. This is consistent with other studies where OHHAwas imple-
mented [21, 22]. There was also a significant increase, which was
maintained after the intervention, in the procurement of AHR
which acts as a proxy for increased hand hygiene [23]. There
was one outlier data point for AHR procurement reported in
quarter four 2011. This could be due to a reporting anomaly or
increased procurement could have been an initial behavioural
change response to the OHHA intervention [24]. The data were
analysed without the outlier data point in order to minimize
the effect of the reported level of procurement which was not
maintained over the study period.

The observed improvement in hand hygiene practices did not
have a positive impact on the prevalence of BSIs. In this study the
ratio of both MSSA and MRSA per BDU was falling prior to the
introduction of the intervention. This is consistent with the
reported European trends [8]. The reduction in MSSA levelled
off after the intervention with no further reduction, consistent
with previous studies [25, 26]. While the ratio of MRSA per
BDU continued to reduce after the introduction of OHHA, the
rate of fall slowed. As the reduction in both sensitive and resistant
Staphylococcus aureus BSI was evident prior to the intervention,
other factors such as antimicrobial resistance policy implementa-
tion [27], launch of prevention of intravascular catheter-related
guidelines [28] and national publication of hospital BSI rates
[4] may also have influenced this improvement. Open disclosure
of hospital specific BSI rates was a major step towards transpar-
ency and the first time such clinical data were made publically
available in Ireland. Varied hand hygiene and infection preven-
tion and control interventions have demonstrated efficacy in
reducing the incidence of MRSA [25, 26, 29]. The lack of inter-
vention effect may also be partially attributable to the source of
acquisition of BSI, with an estimated 48% of MSSA BSI infections
acquired in the community setting [3]. However, there is some
evidence to suggest that the reductions in Staphylococcus aureusTa
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Fig. 1. Alcohol hand rub procurement rates pre and post-OHHA intervention. X axis:
t = 0 = Quarter 1 2009, t = 8 = Quarter 4 2010, t = 11 = Quarter 3 2011, t = 32 = Quarter
4 2016.
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BSI are related to incompletely understood biological changes in
the organism [30].

The ratio of VSE BSI per BDU was increasing pre-intervention
and continued to increase. The ratio of VRE BSI per BDU
remained unchanged in 2016. Ireland has one of the highest pro-
portions of VRE BSI in Europe and continues to increase across
the continent [8]. While environmental contamination with both
Staphylococcus aureus and Enterococcus spp. are possible sources
of infection, enterococci are more prevalent environmental patho-
gens [31, 32]. VRE can survive severe conditions withstanding
cleaning and disinfection to survive potentially years in the envir-
onment [33]. The environmental reservoir has been indicated as a
source of spread of VRE colonisation and infection [34]. While

hand hygiene is a critical component in preventing HCAI [35]
rigorous environmental hygiene is essential to reduce the risk of
transmission of Enterococcus spp. [36]. In addition to environmen-
tal hygiene strict isolation precautions, screening and antimicrobial
stewardship are essential to control the spread of VRE [37].

Overall there was no association between a reduction in any of
the BSI outcome variables and the OHHA intervention. However,
MRSA BSI/BDU ratios continued to fall and while not significant,
OHHA may have been a contributing factor. The lack of an asso-
ciation may be due to the complexity of factors that may influence
BSI of which hand hygiene is just one element.

The strengths of this study include the use of nationally
reported datasets where data have been reported consistently

Table 2. Interrupted time series of BSI outcome variables

Slope before (quarterly rate of
decline in variable before OHHA intervention)

with 95% confidence interval

Slope after (quarterly rate of decline
trend in variable after OHHA intervention) with 95%

confidence interval P value for change in slope.

MSSA BSI 0.98 (0.97–1.01) 1.00 (1.00–1.00) P = 0.008

MRSA BSI 0.95 (0.93–0.97) 0.98 (0.97–0.99) P = 0.007

VSE BSI 0.99 (0.96–1.01) 1.01 (1.01–1.01) P = 0.49

VRE BSI 1.01 (0.96–1.01) 1.01 (1.00–1.02) P = 0.90

Fig. 2. Ratio of BSI/BDU per Quarter 2009–2016 X axis: t = 0 = Quarter 1 2009, t = 8 = Quarter 4 2010, t = 11 = Quarter 3 2011, t = 32 = Quarter 4 2016.
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over time and the addition of AHR procurement data as an add-
itional proxy measure for hand hygiene. However, the AHR data
reflects procurement only and there is no way to discriminate
between healthcare worker and patient/visitor usage. Limitations
include the lack of more observed hand hygiene data points
and the inability to differentiate between healthcare associated
BSI and community acquired BSI using the national data set.
This second point could contribute to the lack of effect on BSI
incidence as the hand hygiene intervention was aimed at reducing
healthcare associated infections. In addition, other infection pre-
vention and control measures that occurred during the study per-
iod could have influenced the outcome measures. These include
the launch and implementation of guidelines for antimicrobial
stewardship in hospitals in Ireland [27] and guidelines on the pre-
vention of intravascular catheter-related infection [28] in 2009.

Conclusions

Implementation of national OHHA has resulted in a significant
and maintained improvement in observed hand hygiene compli-
ance and AHR procurement. OHHA positively influences hand
hygiene behaviours, however, this alone does not translate to
improvement in BSI outcomes.

Acknowledgements. The authors of this paper wish to acknowledge the
contribution of data and support from the Health Protection Surveillance
Centre, Ireland.

Conflict of interest. None.

References

1. Brady M et al. (2017) Attributable mortality of hospital-acquired blood-
stream infections in Ireland. Journal of Hospital Infection 96, 35–41.

2. Murphy OM et al. (2005) Impact of the European antimicrobial resistance
surveillance system on the development of a national programme to moni-
tor resistance in Staphylococcus aureus and Streptococcus pneumoniae in
Ireland, 1999–2003. European Journal of Clinical Microbiology and
Infectious Disease 24, 480–483.

3. Health Protection Surveillance Centre. EARS-Net data on antimicrobial
resistance in Ireland. Quarter 1–4 2017; Available at http://www.hpsc.ie/
a-z/microbiologyantimicrobialresistance/europeanantimicrobialresistance-
surveillancesystemearss/ears-netdataandreports/ [Accessed 19/07/19].

4. Health Protection Surveillance Centre. Healthcare-associated report on
staphylococcus aureus bloodstream isolates in Ireland by acute public hos-
pital, Q1 2008 – Q4 2008, 2009; Available at https://www.lenus.ie/bitstream/
handle/10147/76786/HCAIreportonstaphylococcus.pdf?sequence=1&is
Allowed=y [Accessed 19/07/19].

5. Health Protection Surveillance Centre. Point prevalence survey of hos-
pital acquired infections and antimicrobial use in European acute care
hospitals: May 2012. Republic of Ireland critical care report 2013;
Available at https://www.hpsc.ie/a-z/microbiologyantimicrobialresistance/
infectioncontrolandhai/surveillance/hospitalpointprevalencesurveys/2012/
pps2012reportsforireland/File,13914,en.pdf [Accessed 19/07/19].

6. Stewardson A et al. (2015) The cost bloodstream infections caused by
antimicrobial susceptible and non-susceptible Enterobacteriaceae and
Staphylococcus aureus in European hospitals. Antimicrobial Resistance
and Infection Control 4, O55.

7. de Kraker MEA et al. (2011) Mortality and hospital stay associated with
resistant Staphylococcus aureus and Escherichia coli bacteremia: estimating
the burden of antibiotic resistance in Europe. PLoS Medicine 8, 10e1001104.

8. European Centre for Disease Prevention and Control. Summary of the
latest data on antibiotic resistance in the European Union. EARS-Net sur-
veillance data 2017; Available at https://www.ecdc.europa.eu/en/publica
tions-data/summary-latest-data-antibiotic-resistance-european-union
[Acccessed 190719].

9. Zingg W et al. (2015) Hospital organisation, management, and structure
for prevention of health-care-associated infection: a systematic review and
expert consensus. Lancet Infectious Diseases 15, 212–224.

10. Ellingson K et al. (2014) Strategies to prevent healthcare-associated infec-
tions through hand hygiene. Infection Control and Hospital Epidemiology
35, 937–960.

11. World Health Organization. WHO guidelines on hand hygiene in
healthcare 2009; Available at https://www.who.int/gpsc/5may/tools/
9789241597906/en/ [Accessed 190719].

12. Health Service Executive / Royal College of Physicians Ireland. Hand
Hygiene Observation Audit Standard Operating Procedure 2014;
Available at https://www.hpsc.ie/a-z/gastroenteric/handwashing/handhy
gieneaudit/handhygieneaudittools/File,12660,en.pdf [Accessed 19/07/19].

13. Health Protection Surveillance Centre. Period 14 (Oct / Dec 2017) Hand
Hygiene Compliance Results 2018; Available at http://www.hpsc.ie/a-z/
gastroenteric/handwashing/surveillance/AER_HandHygiene_2017.pdf
[Accessed 19/07/19].

14. Jebb AT et al. (2017) Introduction to time series analysis for organiza-
tional research: methods for longitudinal analyses. Organizational
Research Methods 20, 61–94.

15. PA Consulting Group. Acute Hospital Bed Capacity Review: A Preferred
Health System in Ireland to 2020. 2007; Available at https://www.lenus.ie/
handle/10147/45900 [Accessed 19/07/19].

16. Health Protection Surveillance Centre. Updated protocol for antimicro-
bial susceptibility testing of pathogens under surveillance as part of
EARS-Net-Ireland 2016. EARS-Net-Ireland Protocol v1.0.

17. Horan TC et al. (2008) CDC/NHSC surveillance definition of health
care-associated infection and criteria for specific types of infection in
the acute care setting. American Journal of Infection Control 36, 309–332.

18. European Centre for Disease Prevention and Control. Antimicrobial
resistance (AMR) reporting protocol 2018 European antimicrobial resist-
ance surveillance network (EARS-Net) surveillance data for 2017. 2018;
Available at https://ecdc.europa.eu/en/publications-data/ears-net-report
ing-protocol-2018 [Accessed 19/07/19].

19. Linden A et al. (2011) Applying a propensity-score based weighting
model to interrupted time series data: improving causal inference in pro-
gram evaluation. Journal of Evaluation in Clinical Practice 17, 1231–1238.

20. StataCorp. (2015) Stata Statistical Software: Release 14. College Station,
TX: StataCorp LP.

21. Wetzker W et al. (2016) Compliance with hand hygiene: reference data
from the national hand hygiene campaign in Germany. Journal of
Hospital Infection 92, 328–331.

22. Staines A et al. (2018) Sustained improvement in hand hygiene compli-
ance using a multimodal improvement program at a Swiss multisite
regional hospital. Journal of Hospital Infection 100, 176–182.

23. Dalziel C et al. (2018) Validation of a national hand hygiene proxy meas-
ure in NHS Scotland. Journal of Hospital Infection 98, 375–377.

24. Kwasnicka D et al. (2016) Theoretical explanations for maintenance of
behaviour change: a systematic review of behaviour theories. Health
Psycholology Review 10, 277–296.

25. Stone SP et al. (2012) Evaluation of the national clean your hands cam-
paign to reduce Staphylococcus aureus bacteraemia and clostridium diffi-
cile infection in hospitals in England and Wales by improved hand
hygiene: four year, prospective, ecological, interrupted time series study.
British Medical Journal 344, e3005.

26. Newitt S et al. (2015) Impact of infection control interventions on rates of
Staphylococcus aureus bacteraemia in National Health Service acute hospi-
tals, East Midlands, UK, using interrupted time-series analysis. Journal of
Hospital Infection 90, 28–37.

27. Strategy for the Control of Antimicrobial Resistance in Ireland,
Hospital Antimicrobial Stewardship Working Group. Guidelines for
Antimicrobial Stewardship in Hospitals in Ireland 2009; Available at
https://www.hpsc.ie/a-z/microbiologyantimicrobialresistance/infection-
controlandhai/guidelines/File,4116,en.pdf [Accessed 19/07/19].

28. Health Protection SurveillanceCentre. Prevention of Intravascular Catheter-
related Infection in Ireland SARI Prevention of Intravascular Catheter-related
Infection Sub-Committee, December 2009, Updated February 2010; Available
at https://www.lenus.ie/handle/10147/95722 [Accessed 19/07/19].

Epidemiology and Infection 5

https://doi.org/10.1017/S095026882000076X Published online by Cambridge University Press

http://www.hpsc.ie/a-z/microbiologyantimicrobialresistance/europeanantimicrobialresistancesurveillancesystemearss/ears-netdataandreports/
http://www.hpsc.ie/a-z/microbiologyantimicrobialresistance/europeanantimicrobialresistancesurveillancesystemearss/ears-netdataandreports/
http://www.hpsc.ie/a-z/microbiologyantimicrobialresistance/europeanantimicrobialresistancesurveillancesystemearss/ears-netdataandreports/
http://www.hpsc.ie/a-z/microbiologyantimicrobialresistance/europeanantimicrobialresistancesurveillancesystemearss/ears-netdataandreports/
https://www.lenus.ie/bitstream/handle/10147/76786/HCAIreportonstaphylococcus.pdf?sequence=1&isAllowed=y
https://www.lenus.ie/bitstream/handle/10147/76786/HCAIreportonstaphylococcus.pdf?sequence=1&isAllowed=y
https://www.lenus.ie/bitstream/handle/10147/76786/HCAIreportonstaphylococcus.pdf?sequence=1&isAllowed=y
https://www.lenus.ie/bitstream/handle/10147/76786/HCAIreportonstaphylococcus.pdf?sequence=1&isAllowed=y
https://www.hpsc.ie/a-z/microbiologyantimicrobialresistance/infectioncontrolandhai/surveillance/hospitalpointprevalencesurveys/2012/pps2012reportsforireland/File,13914,en.pdf
https://www.hpsc.ie/a-z/microbiologyantimicrobialresistance/infectioncontrolandhai/surveillance/hospitalpointprevalencesurveys/2012/pps2012reportsforireland/File,13914,en.pdf
https://www.hpsc.ie/a-z/microbiologyantimicrobialresistance/infectioncontrolandhai/surveillance/hospitalpointprevalencesurveys/2012/pps2012reportsforireland/File,13914,en.pdf
https://www.hpsc.ie/a-z/microbiologyantimicrobialresistance/infectioncontrolandhai/surveillance/hospitalpointprevalencesurveys/2012/pps2012reportsforireland/File,13914,en.pdf
https://www.ecdc.europa.eu/en/publications-data/summary-latest-data-antibiotic-resistance-european-union
https://www.ecdc.europa.eu/en/publications-data/summary-latest-data-antibiotic-resistance-european-union
https://www.ecdc.europa.eu/en/publications-data/summary-latest-data-antibiotic-resistance-european-union
https://www.who.int/gpsc/5may/tools/9789241597906/en/
https://www.who.int/gpsc/5may/tools/9789241597906/en/
https://www.who.int/gpsc/5may/tools/9789241597906/en/
https://www.hpsc.ie/a-z/gastroenteric/handwashing/handhygieneaudit/handhygieneaudittools/File,12660,en.pdf
https://www.hpsc.ie/a-z/gastroenteric/handwashing/handhygieneaudit/handhygieneaudittools/File,12660,en.pdf
https://www.hpsc.ie/a-z/gastroenteric/handwashing/handhygieneaudit/handhygieneaudittools/File,12660,en.pdf
http://www.hpsc.ie/a-z/gastroenteric/handwashing/surveillance/AER_HandHygiene_2017.pdf
http://www.hpsc.ie/a-z/gastroenteric/handwashing/surveillance/AER_HandHygiene_2017.pdf
http://www.hpsc.ie/a-z/gastroenteric/handwashing/surveillance/AER_HandHygiene_2017.pdf
https://www.lenus.ie/handle/10147/45900
https://www.lenus.ie/handle/10147/45900
https://www.lenus.ie/handle/10147/45900
https://ecdc.europa.eu/en/publications-data/ears-net-reporting-protocol-2018
https://ecdc.europa.eu/en/publications-data/ears-net-reporting-protocol-2018
https://ecdc.europa.eu/en/publications-data/ears-net-reporting-protocol-2018
https://www.hpsc.ie/a-z/microbiologyantimicrobialresistance/infectioncontrolandhai/guidelines/File,4116,en.pdf
https://www.hpsc.ie/a-z/microbiologyantimicrobialresistance/infectioncontrolandhai/guidelines/File,4116,en.pdf
https://www.hpsc.ie/a-z/microbiologyantimicrobialresistance/infectioncontrolandhai/guidelines/File,4116,en.pdf
https://www.lenus.ie/handle/10147/95722
https://www.lenus.ie/handle/10147/95722
https://doi.org/10.1017/S095026882000076X


29. Grayson ML et al. (2008) Significant reductions in methicillin-resistant
Staphylococcus aureus bacteraemia and clinical isolates associated with
a multisite, hand hygiene culture-change program and subsequent suc-
cessful statewide roll-out. Medical Journal of Australia 188, 633–640.

30. Wyllie DH et al. (2011) Decline of meticillin-resistant Staphylococcus aur-
eus in Oxfordshire hospitals is strain-specific and preceded infection-
control intensification. British Medical Journal Open 1, e000160.

31. Wille I et al. (2018) Cross-sectional point prevalence survey to study
the environmental contamination of nosocomial pathogens in intensive
care units under real-life conditions. Journal of Hospital Infection 98,
90–95.

32. Shams AM et al. (2016) Assessment of the overall and multidrug-resistant
organism bioburden on environmental surfaces in healthcare facilities.
Infection Control and Hospital Epidemiology 37, 1426–1432.

33. Dancer SJ (2014) Controlling hospital-acquired infection: focus on the
role of the environment and new technologies for decontamination.
Clinical Microbiological Reviews 27, 665–690.

34. Ulrich N, Vonberg R-P and Gastmeier P (2018) Outbreaks caused by
vancomycin-resistant Enterococcus faecium in hematology and oncology
departments: a systematic review. Heliyon 3, e00473.

35. Allegranzi B and Pittet D (2009) Role of hand hygiene in healthcare-
associated infection prevention. Journal of Hospital Infection 73, 305–315.

36. SuleymanG,AlangadenGandBardossyAC (2018)The role of environmen-
tal contamination in the transmission of nosocomial pathogens and
healthcare-associated infections.Current Opinion in InfectiousDiseases 20, 12.

37. Frakking FNJ et al. (2018) Recommendations for the successful control of a
large outbreak of vancomycin-resistant Enterococcus faecium in a
non-endemic hospital setting. Journal of Hospital Infection 100, e216–e225.

6 M.P. Smiddy et al.

https://doi.org/10.1017/S095026882000076X Published online by Cambridge University Press

https://doi.org/10.1017/S095026882000076X

	Impact of improved observed hand hygiene on bloodstream infection rates in Ireland. A prospective segmented regression analysis, 2009--2016
	Introduction
	Methods
	Study design
	Population
	Intervention
	Control
	Outcome
	Statistical analysis
	Ethical approval

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


