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VS 
THE MICROBE 

MILITIA
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The role of copper surfaces in reducing 
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ABSTRACT 

Background: Healthcare-associated infections are a major public health problem, with an important clinical and economic burden on health systems worldwide. In-vitro 
and in-vivo studies have shown that copper has the potential to kill microorganisms on contact. It has been described as the “contact killer”. Despite this, the preventive 
role of antimicrobial copper on the reduction of healthcare-associated infections is not clear yet.

Aims & Objectives: To assess the role of copper surfaces on the reduction of healthcare-associated infections.

Methods: A systematic review of the literature with a meta-analysis. The search was carried out in fi ve electronic databases, grey literature and reference list of 
included studies. Two researchers independently screened and judged the quality of the included studies. The GRADE approach was used to assess the quality of 
the body of evidence.

Results: Fourteen studies met the inclusion criteria. Overall, the introduction of antimicrobial copper alloys surfaces in high-touch surfaces reduced the incidence of 
healthcare-associated infections by around a quarter (IRR 0.74, 95% CI 0.56 to 0.97; p = 0.03; low quality of the evidence). Additionally, the probability of achieving the 
recommended concentration of less than 250 colony forming units/100cm2 was 2.73 times higher in copper surfaces than in regular surfaces (RR 2.73, 95% CI 1.83 to 
4.07; p <0.00001; moderate quality of the evidence). No signifi cant difference was observed in the mortality rate.

Conclusion: This systematic review and meta-analyses suggest that the introduction of antimicrobial copper alloys in replacement of high-touch surfaces may have a 
positive effect on the incidence rate of HAIs. Larger clinical trials will be needed to show an impact on mortality.

KEY WORDS: 

Healthcare-associated infections, copper, cross infections, antimicrobial surfaces

REVIEW ARTICLE

Canadian Journal of Infection Control   |   SPRING 2017   |   Volume 32   |   Issue 1   |   13-24

INTRODUCTION
Despite current worldwide efforts, the incidence of healthcare-
associated infections (HAIs) is still a signifi cant public health 
problem. The prevalence of HAIs varies worldwide, with 
incidence in Europe at 7.1% (1), in the United Kingdom at 9%, 
and in the United States at 4.5% in the year 2011 (2).

In ICUs in high-income countries, nearly 30% of patients are 
affected by at least one episode of HAIs, signifi cantly increasing 
their morbidity, length of stay, readmission rate and mortality (3, 4).

In the last decade, the contribution of the contamination of 
metallic or plastic surfaces in hospitals to the acquisition of HAIs has 
been extensively described in the literature (5-9). Most common 
hospital-acquired pathogens have the ability to survive on surfaces 
for months, and be a continuous source of transmission (10).

To prevent this phenomenon, regular cleaning and 
disinfection are needed. However, multiple studies reported 

that existing hospital-cleaning techniques alone are not 
suffi cient to restrain the growth of microorganism for prolonged 
periods of time (11-13).

In response to this situation, the utilization of antimicrobial 
surfaces to reduce the bacterial load in the patient environment 
has been proposed due to their potential to inactivate the 
microorganisms on contact (14).

The use of a relatively cheap technology, copper, seems like 
an opportunity to address this problem, because of its intrinsic 
broad-spectrum antimicrobial activity (15-17). A series of trials 
have been conducted to measure the effectiveness of copper 
surfaces in reducing HIAs, but no good-quality systematic review 
has been carried out to answer this question. We performed 
a systematic review of the literature with a meta-analysis, to 
evaluate the association between the use copper surfaces and 
incidence of the healthcare-associated infections (HAIs).

13
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MATERIALS AND METHODS
Type of studies and interventions
Randomized control trials (RCTs), including cluster-RCTs, 
observational studies, and economic evaluations were included.

We included the studies comparing antimicrobial copper 
versus regular surfaces in patients’ environments where surface 
cleaning/disinfection methods otherwise remained unchanged. 
In ambiguous cases, study designs were discussed and 
consensus reached.

Outcome measures
The recommended threshold of CFU/100cm2 is max. 250 
CFU/100cm2. The outcome measured for this review is the 
probability of copper surfaces achieving this threshold vs. regular 
surfaces. Consequently, the primary outcomes used in the 
review were incidence rate of healthcare-associated infections 
(HAIs), and the probability of achieving the recommended 
threshold of colony forming units/100cm2, as well as adverse 
events related with the utilization of antimicrobial copper.

A secondary outcome was all-cause deaths among 
hospitalized patients, total reduction of microbial burden and 
cost-effectiveness.

Literature search
We identified studies between 1 January 2000 to 30 April 2016 
by searching MEDLINE, EMBASE, LILACS, Cochrane Central 
Register of Controlled Trials (CENTRAL), CINAHL Plus with Full 
Text (EBSCO) and Epistemonikos.

Search of grey literature was performed in the following 
databases: TRoPHI (The Trials Register for Promoting Health 
Interventions); Grey Literature Report (http://www.greylit.org/
library/search); and NHS reports.

Data extraction
Two people (IP) and (RH) independently screened titles and 
abstracts of all identified articles to assess the eligibility for 
inclusion. Decision of inclusion of articles was reached by 
simple consensus. A third researcher (FR) resolved possible 
disagreement between the two reviewers.

The following data were extracted for each eligible study: 
type of study, participants and setting, types of intervention, 
comparison and outcomes measures, and results. Additional 
information was extracted when appropriate: funding sources, 
conflicts of interest, key conclusions, and references to other 
relevant studies.

Quality assessment
IP and FR independently assessed the risk of bias using the 
Cochrane risk of bias assessment tool for RCTs, classifying it as 
high, unclear or low (18). The risk of bias in non-randomized 
controlled studies was assessed using the ROBINS-I tool (Risk Of 
Bias In Non-randomized Studies of Interventions) (19).

The GRADE (Grading of Recommendations, Assessment, 
Development, and Evaluation) approach was used to assess 
the quality of evidence. The Review Manager software (20) 
was used to import data to GRADEpro GDT (21) to create 

the Summary of findings tables. The quality of evidence was 
downgraded or upgraded after the assessment of the following 
domains: risk of bias, inconsistency, indirectness, imprecision, 
and publication bias for the body of evidence that contributed 
to the report of an outcome.

Finally, the reviewer classified the quality of the body 
of evidence for each outcome following the guidelines 
recommended in the handbook published by the GRADE 
Working Group: the quality of evidence was classified as High, 
Moderate, Low or Very Low (22).

Measures of treatment effect
Studies were qualitatively assessed by the reviewers to 
determine whether to include them in a pooled meta-analysis. 
Authors stratified studies according to the outcome report 
for the meta-analysis and calculated rate ratio for difference 
in rates, risk ratio (RR) for dichotomous outcomes and when 
possible, hazard ratio (HR) for mortality outcomes.

The data was analyzed using Review Manager 5.3 (RevMan) 
(20) and results presented with 95% confidence intervals.

For rate outcomes, the incidence rates of different studies were 
pooled using the generic inverse variance with random effects.

For those trials where data on person-time at risk was not 
reported, we estimated the total person-time follow up in order 
to calculate the rate ratio.

RESULTS
The electronic search of databases generated a total of 1,961 
potentially eligible results. After eliminating duplicates and 
screening by title and abstract, 110 articles were assessed full-text 
for eligibility. A total of 14 articles (13 full-text articles and one 
poster presentation) were included in the analysis. The PRISMA 
flow diagram with the results of the search is shown in Figure 1.

Description of studies
We included fourteen trials published between 2010 and 
2016. Four studies were randomized clinical trials (23-26), one 
crossover study (27), eight non-randomized controlled studies 
(28-35), and one was an uncontrolled before/after study (36).

Twelve trials used antimicrobial copper alloys surfaces 
as intervention (23, 24, 26-35). One study used biocidal 
copper-oxide impregnated linens (36) and another study 
compared 50 regular pens used by ICUs nurses to 50 
copper-containing pens (25). All institutions maintained their 
regular cleaning and disinfecting procedures in both arms 
during the trials. Four clinical trials measured the incidence 
rate of healthcare-associated infection as the primary 
outcome (23, 24, 42, 36), five of the studies reported the 
total amount of surfaces that achieved the optimal threshold 
of colony forming units/100cm2 in both arms of the trial 
(25, 31-34), 10 studies measured the effectiveness of 
antimicrobial copper in reducing the total microbial burden 
(25-27, 29-35), three studies reported the mortality rate 
(23, 24, 42) and only one study reported adverse events 
(42). Description of all the included articles is presented in 
Appendix A. 
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Risk of bias
Figure 2 shows the risk of bias summary for RCT and for one 
non-randomized trial with low risk of bias in the assessment with 
ROBINS-I tool.

Sequence generation and allocation concealment
One of the four randomized clinical trials, reported an adequate 
method for generating allocation sequence and allocation 
concealment (25). Two of them described the allocation 
sequence as random but did not present further details (23, 24). 
The allocation concealment was not evaluated in the before/
after study (36). Eight studies were non randomized- controlled 
studies (28-35) and one was a crossover (27).

Blinding
We recognized that blinding of participants is not possible in 
trials using antimicrobial copper surfaces, as copper is a metal 
with a distinct colour and odour. Outcome evaluators could be 
blinded, so that was assessed. Only one study reported blinding 
of the outcome evaluators (28).

Incomplete outcome data
One study reported the exclusion of patients after 
randomization, but did not include them in the final analysis 
(23). Two of the studies reported a protocol deviation regarding 
the exposure to copper (mainly because of misplaced objects 
and patient movement). This lead to patients originally allocated 
in the intervention group to spend some hospitalization days in 
the control rooms and vice versa. An intention-to- treat analysis 
was carried out in both studies (23, 28).

Quality of non-randomized controlled studies
Eight studies were nonrandomized-controlled studies. The 
intervention was not blinded for hospital staff in any study. 
Among these eight studies, it is not clear if the outcome assessors 
were blinded to the intervention. Reasonable controls were used 
in all trials, and confounding was analyzed before the start of the 
trials. The surfaces included in the study were selected before 
the onset of the studies, and not based off the characteristics 
observed after the start of the intervention. The intervention 
groups were clearly defined in all studies. Two studies reported 
the introduction of the copper surfaces at least three months 
prior the start of the trial period (27, 29).

No major deviations from the intended intervention were 
observed in any trial. One study reported missing data in both 
intervention and control arms. Although the authors provided 
the reasons, loss of data was not evenly distributed between the 
intervention and control groups (17% vs. 11%, respectively) (31). 
Overall, four studies were judged as low risk of bias in all domains 
(28, 32-34), one study as moderate risk of bias (30), and three as 
serious risk of bias (29, 31, 35), including the before/after study (36).

HAI incidence
Only four studies (23, 24, 28, 36) reported the incidence rate 
of HAIs in both arms. Of these four, one was excluded from 
the meta-analysis because of the different type of intervention 
(copper-impregnated linen yarn) and different study design (36).

Overall, the introduction of antimicrobial copper alloys 
surfaces in high-touch surfaces reduced the incidence of HAIs by 
around a quarter (IRR 0.74, 95% CI 0.56 to 0.97; p = 0.03; three 
trials; 1569 participants; moderate quality of the evidence).

FIGURE 1: PRISMA flow diagram

Records identified through database 
searching  
(n=1932)

Additional records identified 
through other sources  

(n=29)

Records after duplicates removed
(n=1716)

Records screened
(n=1716)

Full-text articles assessed 
for eligibility

(n=100)

Studies included in 
qualitative synthesis

(n=14)

Studies included in 
quantitative synthesis

(meta-analysis)
(n=9)

Records excluded
(n=1606)

Full-text articles excluded, 
with reasons

(n=96)

FIGURE 2: Risk of bias summary: review of authors’ judg-
ments about each risk of bias item for each included study
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All of the studies measure the hand-washing rate in both 
groups to determine if any difference was present between 
groups. No difference was observed. To prevent the introduction 
of bias, cleaning staff were unaware of the study protocols or 
outcomes. The analysis is shown in Figure 3.

CFU threshold
Five studies reported the total of objects that achieved the 
recommended threshold (29, 31-34). All of them were included 
in the meta-analysis. Overall, the probability of achieving the 
recommended concentration of less than 250 CFU/100cm2 was 
2.73 times higher in copper surfaces than in regular surfaces 
(RR 2.73, 95% CI 1.83 to 4.07; p <0.00001; five trials; 2486 
surfaces; moderate quality of the evidence). The analysis is 
presented in Figure 4.

Mortality rate
Three studies (23, 24, 28) reported the total number of participant’s 
deceased in both arms and only one of them reported the HAIs-
related mortality rate, founding no difference between both groups 
(IRR 1.17, 95% CI 0.3 to 4.36; p = 0.81) (24).

Total microbial burden reduction
Nine studies reported the total MB reduction as the main 
outcome. These studies could not be pooled due to 
methodological variability and missing data (26, 27, 29-35). 
All the studies reported a significant total microbial burden 
reduction between copper alloy surfaces and control surfaces. 
The percentage of reduction varies across the studies, from 37% 
to 100%. All of the studies were carried out in a clinical setting, 
with similar sample recollection between groups. The studies 
generally took samples in the morning, before the first cleaning 
and in the afternoon, after visiting hours. This was to detect 
any statistical difference between morning samples and night 
samples. Difference in hand-washing rates, room temperature, 
and humidity were assessed in the studies, reporting no 
significant difference between groups. Results for each study are 
presented in Table 1.

DISCUSSION
This systematic review and meta-analysis have demonstrated 
a reduction of about a quarter in the incidence rate of HAIs 
in patients hospitalized in rooms using antimicrobial copper 

surfaces. Also, the results presented here demonstrated that 
copper surfaces had an increased probability of achieving the 
recommended threshold of colony forming units/100cm2 than 
plastic/stainless steel surfaces, providing consistency in the findings

There were virtually no data available on mortality as an 
outcome. Due to the high number of participants needed to 
determine a significant difference between the two groups, it 
seems impractical that researchers choose mortality rate as a 
primary outcome in this kind of studies. 

The studies included in this review were carried out in 
different settings: from ICUs rooms (both adult and pediatric) to 
a rural clinic in South Africa. Based on these results, it is clear that 
irrespective of the clinical setting, copper surfaces is associated 
with achieving the cleaning threshold of CFU/100cm2 and 
reduction of total microbial burden. Furthermore, there may a 
benefit of introducing copper surfaces for reducing the rate of 
HAIs in ICUs rooms.

Based on the studies included, and in previous studies 
(37, 38) there were no adverse effects associated with copper 
alloys surfaces.

All of the studies were carried out in high-income countries, 
except from one. Therefore, it is unclear what would be the 
real impact from copper on HAI rates in low and middle-
income levels (LMICs). As stated before, these countries 
present a higher rate of HAIs than HICs, so it is possible that 
the introduction of copper have a bigger benefit in those 
countries that the one presented here.

The follow-up duration in all included studies was relatively 
short (12 months the longest). It is unclear if the reduction of the 
incidence of HAIs would be the same after this period of time, 
or if the efficacy of copper surfaces would suffer damage and 
deteriorate from chemical cleaning and disinfection.

Based on the studies included in this review, it is clear that 
the use of antimicrobial copper cannot replace regular cleaning/
disinfection. No study attempted replacing this process with 
copper. All of them added the antimicrobial copper to regular 
cleaning. Therefore, we are unclear what is the effectiveness of 
copper as an isolated intervention in reducing the rate of HAIs.

In terms of cost of the intervention, no proper economic 
evaluation was identified in the systematic review of the literature. 
A conference poster, presented by Taylor et al. of the University 
of York, used an economic model to answer this question (39). 
The cost of replacing six high-touch surfaces in 20 ICU beds with 

FIGURE 3: Forest plot of comparison: Antimicrobial copper 
surfaces in ICUs rooms vs. regular surfaces, Outcome Inci-
dence of healthcare-associated infections: rate ratios

FIGURE 4: Forest plot of comparison: Antimicrobial copper 
surfaces vs. regular surfaces, Outcome Surfaces achieving 
minimum benchmark (<250 CFU/100 cm2): risk ratio
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Study Intervention Sample Size

Colony Forming Units/100 cm2

Mean

Standard 
Error of 
Mean

%
Reduction p Value

Prado et al, 2010 Copper 90 rooms with
990 copper 
surfaces

1.851 (per room) NR 84% <0,0001*

Control 90 rooms with
990 control 
surfaces

11.620 (per room) NR

Schmidt et al, 2012 Copper 501 surfaces 2.521 342 83% <0,0001*

Control 511 surfaces 14.813 1.812

Casey et al, 2010 Copper 10 surfaces No overall mean 
reported

NR Between 
90% and
100%

Statistical 
significance in nine 
of the ten paired 
analyses (and in 
all ten unpaired 
analyses)$

Control 10 surfaces No overall mean 
reported

NR

Karpanen et al, 
2012

Copper 14 surfaces No overall mean 
reported

NR 8/14
surfaces had 
significant 
lower 
microbial 
counts

<0,05@

Control 14 surfaces No overall mean 
reported

NR

Marais et al, 2010 Copper 1 room with 11 
copper surfaces

59.000 NR 71% <0,001^

Control 1 room with 11 
regular surfaces

200.000 NR

Mikolay et al, 2010 Copper 144 surfaces NR NR 37% >99.9%&

Control 144 surfaces NR NR

Schmidt et al, 2013 Pre-cleaning 
Copper (11.5 
hours since 
last cleaning)

383 surfaces  
(Bed Rails)

698 368 88% 0.006$

Pre-cleaning 
Control (11.5 
hours since 
last cleaning)

455 surfaces  
(Bed Rails)

6.102 2.572

Hour 6.5 
after cleaning 
Copper

383 surfaces  
(Bed Rails)

434 236 92% <0,0001$

Hour 6.5 
after cleaning 
Control

455 surfaces  
(Bed Rails)

5.198 2.368

Schmidt et al, 2012 Copper 668 surfaces 172 NR 88% <0,0001*/$

Control 652 surfaces 1.381 NR

Seesma Rai et al, 
2012

Copper 97 surfaces NR NR 89% <0,0001*

Control 53 surfaces NR NR

TABLE 1: Total microbial burden reduction: Copper surfaces vs. regular surfaces

* Kruskal-Wallis test for two groups
$ Wilcoxon signed Rank test P-value and Mann-Whitney U test
@ Mann-Whitney U test
^ Nor reported & T-test
NR: Not Reported
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Outcomes

Anticipated absolute effects* 
(95% CI)

Relative 
effect  

(95% CI)

No. of 
participants 

(studies)

Quality of 
the evidence 

(GRADE) Comments
Risk with 
Control

Risk with 
Antimicrobial 

Copper

Healthcare-associated 
infections incidence rate 
assessed with: per 1000
patients-day follow up: 
range 11 months

159 per
1.000

118 per 1.000  
(89 to 155)

Rate ratio 
0.74

(0.56 to 
0.97)

1569 (3 RCTs)
MODERATE1, 2

Surfaces achieving 
minimum benchmark 
(<250 CFU/100 cm2)

325 per
1.000

887 per 1.000
(595 to 1.000)

RR 2.73
(1.83 to

4.07)

2468  
(5 observational 

studies)
MODERATE3

HAIs-related mortality 
rate: follow up: range  
11 months to 12 months

126 per
1.000

123 per
1.000

(92 to 161)

Rate Ratio 
1.17 (0.3 to

4.36)

440 (1 RCT)
VERY LOW1, 4

Antimicrobial Copper compared to Control for reducing HAIs
Patient or population: Adults and children hospitalized in ICUs rooms/high-touch surfaces
Setting: Hospitalized patients Intervention: Antimicrobial copper surfaces Comparison: Regular surfaces

Outcomes

Anticipated absolute effects* 
(95% CI)

Relative 
effect  

(95% CI)

No. of 
participants 

(studies)

Quality of 
the evidence 

(GRADE) Comments
Risk with 
Control

Risk with 
Antimicrobial 

Copper

Adverse effects
Adverse effects were not  
observed among the health care 
workers or patients exposed to 
copper-surfaced items.

515
(1 RCT) LOW1, 4

Total microbial  
burden reduction

- - - (9 studies) - Not pooled 
(See Table 1)

 
*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and 
the relative effect of the intervention (and its 95% CI).
1 Risk of bias
2  CI near 1
3 Heterogeneity
4 Wide CI

• CI: Confidence interval; RR: Risk ratio
• GRADE Working Group grades of evidence
• High quality: We are very confident that the true effect lies close to that of the estimate of the effect
• Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of 

the effect, but there is a possibility that it is substantially different
• Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the 

estimate of the effect
• Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different

Antimicrobial copper compared to control for reducing HAIs
Patient or population: Adults and children hospitalized in ICUs rooms/high-touch surfaces
Setting: Hospitalized patients Intervention: Antimicrobial copper surfaces Comparison: Regular surfaces

TABLE 2: Summary of findings (SoF)
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antimicrobial copper was calculated, based on expert opinions, to 
be £30,600 higher than baseline rooms (£105,000 vs. £74,400). 
The average cost of infection was based in a previous study (40) 
at £1,000 per patient-day. In conclusion, the model predicts 
that the cost of implementing copper in a 20 bed ICU will be 
recovered in two months. In a five-year breakdown, there is a 
potential cost saving of £1.9m associated with the introduction 
of copper alloys and 352 fewer infections. The cost per infection 
averted is calculated to be £94,10. These results must be analyzed 
with caution. All costs and other information used in the model 
are based in the United Kingdom setting, a HIC, making difficult 
to extrapolate the results to other settings. The cost of the 
intervention, and other possible costs should be described in more 
detail. In spite of this, these results are promising, with interesting 
potential use for policymakers.

One limitation of this review is that we only included studies 
published in Spanish or English. As the original search did not 
include language filters, one study in Greek and one in German 
were found that could have met the inclusion criteria, but were 
excluded (41, 42). Another potential bias of this review is that 
copper-related private companies funded almost all of the 
studies included in the analysis. It was not possible to assess the 
publication bias with a funnel plot. The studies that assessed the 
outcomes selected in this review were fairly small-sized, with two 
of them not being sufficiently powered according to their statistical 
power calculation assumptions. Because of this, is unclear if 
the reduction in the incidence of HAIs would be maintained in 
larger trials. Nevertheless, considering that there is no biologic 
plausibility that lower microbial burden should lead to an increase 
of HAIs rates, it is conceivable that better-structured RCTs and 
times-series experimental designs could demonstrate an even 
greater reduction in the HAIs rates. Additionally, all of the studies 
presented important protocol deviations. In some cases, patients 
from the control group were exposed to copper and patients from 
the intervention group were exposed to regular surfaces. This 
may have contributed to underestimating the real effectiveness of 
copper in reducing the HAIs rates.

The findings of this systematic review showed that additional 
research to assess the efficacy of antimicrobial copper in 
preventing HAIs in necessary. There are only three studies that 
reported this outcome. More high-level quality RCTs and time-
series experimental studies are needed to be more certain in the 
positive results presented here. These future studies need to have 
a longer follow-up period, be sufficiently powered, and present 
fewer probabilities of introducing bias and confounding.

Similar studies are needed in LMICs, where actual evidence 
is limited. It is essential to assess the potential benefits of 
antimicrobial copper surfaces in countries where the rate of HAIs is 
significantly higher than in the rest of the world. In the same way, 
studies focusing in sub-groups with more risk of acquiring HAIs 
could be useful for policymakers in order to prioritize resources. A 
proper economic evaluation of the introduction of this technology 
is needed to determine the monetary impact of this intervention.

The increasing rate of antimicrobial resistance and high 
rates of HAIs, especially in LMICs, are some of the major public 
health concerns in the world. Different types of interventions 

have been proposed to tackle this problem. Copper, a safe, 
effective and relatively cheap technology may be considered 
in addition to current policies in order to deliver a safe medical 
care to all patients. The reduction of the incidence rate of HAIs 
presented in this systematic review by nearly a quarter shows 
that copper has the potential to revolutionize the fight against 
this public health issue.
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Study Country Design
Population  
and setting

Intervention  
and Control

Outcome 
measure Author’s conclusion

Casey et 
al, 2010
(29)

United 
Kingdom

NR-C Busy acute medical 
ward, which included 
gastroenterology 
patients. United 
Kingdom

I: Three copper-
containing items; toilet 
seat, a set of brass tap 
handles and a brass 
door push plate

C: Regular surfaces

Median CFU/cm2 “The results of this trial 
clearly demonstrate 
that copper-containing 
items offer the potential 
to significantly reduce 
the numbers of micro- 
organisms in the clinical 
environment. However, 
the use of antimicrobial 
surfaces should not act 
as a replacement for 
cleaning in clinical areas, 
but as an adjunct in the 
fight against HCAI.”

Casey et 
al 2011 
(25)

United 
Kingdom

RCT Two critical care units 
at the University 
Hospitals Birmingham 
National Health 
Service Foundation 
Trust

I: 50 copper-containing 
pens (CuZn15; 85% 
copper, 15% zinc)

C: 50 stainless steel pens

Median number 
of CFU isolated

“Our findings clearly 
demonstrate that the use 
of copper-containing 
pens significantly reduces 
the level of microbial 
contamination on writing 
instruments. Thus, copper 
pens may provide a tool 
to prevent reinoculation 
of decontaminated hands. 
The use of copper also may 
be applied to other surfaces 
in the healthcare setting.”

Karpanen 
et al, 
2012
(27)

United 
Kingdom

CO Acute care medical 
ward with 19 beds 
at a large university 
hospital

I: Antimicrobial  
copper surfaces in  
high-touch surfaces

C: Regular surfaces

CFU reduction “Copper furnishings may 
therefore be a beneficial 
adjunct to standard 
hospital cleaning and 
hygiene procedures in 
reducing environmental 
contamination and the 
risk of cross-transfer of 
microorganisms within the 
healthcare environment.”

Lazary et 
al, 2014
(36)

Israel B/A 108 patients 
hospitalized in the 
Head Injury Ward at 
The Reuth Medical 
Centre, Tel Aviv

I: Copper-containing 
linens (replacing all the 
regular non- biocidal 
linens and personnel 
uniforms with copper 
oxide impregnated 
biocidal products)

C: Regular linens

Rate of HAIs, 
Rate of fever 
days, Total days 
of antibiotics, 
Cost reduction

“The results of this study 
clearly demonstrate that 
the use of copper oxide 
impregnated linens in 
a long-term care ward 
reduce HAI and antibiotic 
and other infection-related 
treatments, and can be 
an important addition to 
the arsenal of measures 
taken in hospitals to reduce 
an important source of 
nosocomial pathogens and 
the risk of HAI.”

APPENDIX A: Characteristic of included studies
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Study Country Design
Population  
and setting

Intervention  
and Control

Outcome 
measure Author’s conclusion

Mikolay et 
al, 2010 
(30)

Germany NR-C 144 surfaces in an 
oncological/pneumolo 
gical and a geriatric 
ward at Asklepios 
Hospital Wandsbek, 
Hamburg

I: Antimicrobial copper 
alloys surfaces

C: Aluminium and 
plastic surfaces

CFU reduction “The presented data clearly 
indicate that use of copper 
alloys for touch surfaces 
decreases the number 
of living bacterial cells 
adhering to these surfaces. 
Further, these surfaces 
probably decreased the 
repopulation rate of  
these germs.”

Prado 
et al, 
2010 (26)

Chile RCT ICU rooms at Hospital 
del Cobre de Calama, 
Chile

I: Copperized surfaces 
(bed rails, bed lever, tray 
tables, chair arms, touch 
screen monitor pen, and 
IV poles)

C: Regular surfaces

The mean 
microbial burden 
(mMB),
determined 
as colony 
forming units 
(CFU)/100cm2

“The antimicrobial effects 
of copper on critical 
contact surfaces within 
ICU rooms was evident 
and significant in this 
hospital located in this arid 
region of Chile throughout 
the 30 week trial. The 
antimicrobial properties 
of copper were of a 
broad spectrum in that 
a reduction in the total 
microbial burden was seen 
for each class of microbe 
characterized in ICU 
rooms containing copper.”

Seema 
Rai 2012 
(31)

United 
States

NR-C Outpatient infectious 
disease clinic,  
United States

I: 134 copperized 
surfaces I high touch 
surfaces of phlebotomy 
chairs

C: 60 noncopperized 
surfaces

Total 
CFU/100 cm2 
reduction.

“Covering high-touch 
surfaces with antimicrobial 
copper may provide an 
adjunctive infection control 
measure to minimize the 
spread of bacteria. The 
microbicidal activity of 
copper was effective in 
significantly reducing the 
total median burden by 
90% on arm tops and by 
88% on copperized trays.
Deployment of copper 
surfaces within high-risk 
patient environments is 
warranted to enhance 
patient safety.”

Rivero 
et al, 
2014
(24)

Chile RCT 440 patients 
hospitalized in ICU 
rooms at Hospital Van 
Buren, Valparaiso

I: Antimicrobial copper 
surfaces

C: Regular surfaces

HAIs incidence 
rate, mean day 
average before 
HAIs, Total 
antibiotic cost, 
HAIs mortality 
rate.

“The use of copper as a 
surface in the ICU showed 
no statistically significant 
differences in rates of 
nosocomial infections 
during the study period, 
however, these results 
could be related to the
sample size.”
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and setting

Intervention  
and Control

Outcome 
measure Author’s conclusion

Salgado et 
al, 2013
(23)

United 
States

RCT 614 patients in the 
ICUs of 3 hospitals, US

I: Antimicrobial copper 
surfaces

C: Regular surfaces

Rates of incident 
HAI and/or 
colonization 
with methicillin- 
resistant 
Staphylococcus 
aureus (MRSA) 
or vancomycin- 
resistant 
Enterococcus 
(VRE)

“Patients cared for in 
ICU rooms with copper 
alloy surfaces had a 
significantly lower rate 
of incident HAI and/or 
colonization with MRSA 
or VRE than did patients 
treated in standard 
rooms. Additional studies 
are needed to determine 
the clinical effect of 
copper alloy surfaces 
in additional patient 
polulations and settings.”

Schmidt 
et al, 
2012
(32)

United 
States

NR-C 16 rooms in ICUs in 
three hospitals, US

I: Copper-alloy surfaces 

C: Regular surfaces

The mean 
microbial burden 
(mMB),
determined 
as colony 
forming units 
(CFU)/100cm2

“The introduction of 
copper surfaces to
objects formerly covered 
with plastic, wood, 
stainless steel, and other 
materials found in the 
patient care environment 
significantly reduced 
the overall MB on a 
continuous basis, thereby 
providing a potentially 
safer environment for 
hospital patients, health 
care workers (HCWs), 
and visitors.”

Schmidt 
et al, 
2013
(33)

United 
States

NR-C 75 beds in  
ICUs rooms

I: Copper surfaces in 
bed rails

C: Regular surfaces

The mean 
microbial burden 
(mMB),
determined 
as colony 
forming units 
(CFU)/100cm2

“Copper-alloyed surfaces 
offer a continuous
way to limit and/
or control the 
environmental 
burden. Hospital and 
environmental services 
need not perform 
additional steps, follow 
complex treatment 
algorithms, obtain
“buy-in” from other 
providers, or require 
additional  training 
or oversight.”

Schmidt 
et al, 
2016
(34)

Chile NR-C 8 rooms from the ICU 
(PICU) and 8
rooms from the 
intermediate care unit 
(PIMCU), Roberto del 
Rio, Santiago

I: Copper surfaces in 
high-touch surfaces

C: Regular surfaces

CFU/100 cm2 “Copper surfaces warrant 
serious consideration 
when contemplating the 
introduction of no-touch 
disinfection technologies 
for reducing burden  
to limit acquisition  
of HAIs.”
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Study Country Design
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and setting

Intervention  
and Control

Outcome 
measure Author’s conclusion

von 
Dessauer 
et al, 
2016 (28)

Chile NR-C 8 rooms from the ICU 
(PICU) and 8 rooms 
from the intermediate 
care unit (PIMCU), 
Roberto del Rio, 
Santiago

I: Copper surfaces in 
high-touch surfaces

C: Regular surfaces

Diagnosis of 
an HAI event 
associated with 
patient stay 
within the PICU 
or PIMCU Safety

“Exposure of pediatric 
patients to copper- 
surfaced objects in the 
closed environment of 
the intensive care unit 
resulted in decreased HAI 
rates when compared 
with noncopper 
exposure; however, the 
RRR was not statistically 
significant. The clinical 
effect size warrants 
further consideration 
of this intervention as a 
component of a systems-
based approach to 
control HAIs.”

Marais et 
al, 2010 
(35)

South 
Africa

NR-C Two consulting rooms 
in a rural region of the 
Western Cape,  
South Africa.

I: Copper sheets on 
touch surfaces

C: Regular surfaces

Mean 
CFU/100cm2 
reduction

“The study showed that 
the antimicrobial activity 
of copper touch surfaces 
reduced environmental 
bioburden to a far greater 
extent than standard 
materials and would 
be beneficial in the 
healthcare environment.”

NR-C: Nonrandomized, controlled study CO: Crossover

RCT: Randomize Controlled Trial B/A: Before and after study CFU: Colony forming units
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ABSTRACT  

Background: Aseptic technique is essential for the prevention of infection during labour epidural procedures. The literature suggests there is significant variability in aseptic 
practice among clinicians which often depends on personal beliefs rather than scientific evidence. The main objective of this survey was to determine which components 
of aseptic precautions in labour epidural anesthesia were considered essential by anesthesiologists.

Methods: A self-administered questionnaire regarding commonly used aseptic techniques during epidural insertion was distributed via regular mail to 1047 practicing 
anesthesiologists in Ontario, Canada. Questions were formulated with assistance from community and university based obstetrical anesthesiologists. The survey focused on 
practice demographics, methods of asepsis during preparation, and aseptic technique during epidural insertion.

Results: The response rate for this survey was 42% (40% were non-teaching and 60% academic physicians). The major findings revealed significant heterogeneity; 38% of 
respondents wore a sterile gown, 68% selected chlorhexidine gluconate as their ideal antiseptic, 32% used povidone iodine, and 78% did not consider the use of a filter 
needle essential to aseptic practice. Furthermore, while all respondents acknowledged hand-washing essential to aseptic practice, high variability regarding details of hand-
washing technique was evident between individuals. Significant differences in aseptic practice were also observed between non-teaching and teaching hospitals.

Conclusion: Aseptic technique for labour epidural insertion varies among individuals and institutions. 
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INTRODUCTION
Asepsis is critical to the performance of epidural anesthesia in 
the prevention of contamination and associated complications. 
Although obstetric complications due to labour epidurals are rare, 
the resulting outcomes are often catastrophic and can result in 
serious morbidity or mortality (1-3). In response to the severity 
of these complications, published standards of care for aspetic 
technique during insertion of an epidural catheter on the labour 
floor exist; however, rates of adherence to such guidelines are not 
well known. Furthermore, the components of sterile technique 
considered essential  are controversial amongst physicians.

There are few published guidelines for practice of aseptic 
techniques during epidural placement (2). However, local 
practice and adherence to different components of aseptic 
techniques is not known. Breaches in sterile technique by the 
anesthesiologist during spinal or epidural placement can be a 
source of infection. Similarly, bacteria can be introduced into 
the epidural space from distant sites such as the vaginal tract via 
the blood stream or from patient skin or other human factors 
(4,5). The sources of infection related to the technical aspects 

of the epidural insertion include contaminated equipment or 
solutions before or during the initiation of the anesthetic block 
or tracking of organisms, such as skin contaminants, along the 
catheter site (6). Taken together, these facts underscore the 
importance of meticulous attention to aseptic technique.

In light of emerging data, several published reports have 
expressed concerns regarding the practice of proper aseptic 
technique and adherence to standardized protocols. For example, 
in July 2006, the American Society of Regional Anesthesia 
(ASRA) published guidelines for aseptic technique for neuraxial 
anesthesia, but recognized there was a paucity of supporting 
evidence at the present time (7). Recently, in 2014, the 
Association of Anaesthetists of Great Britain and Ireland published 
concise guidelines regarding skin antisepsis for central neuraxial 
blockade (8). Similarly, it has generally been assumed that during 
the teaching of invasive technical skills such as epidural insertion, 
improvement in aseptic technique parallels improved technical 
skills and manual dexterity. However, in a study conducted in 
our institution we found that manual skills for epidural insertion 
improved with increasing experience, but aseptic technique 
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did not (9). Therefore, before improvements in clinical practice 
can occur and standards of care are developed, we believe that 
there is a need to determine what physicians currently believe 
are the essential components of aseptic precautions during the 
performance of labour epidural anesthesia. 

The goals of this study, therefore, were to establish which 
components of aseptic precautions are considered essential 
by physicians. With this data, we aimed to assess physician 
adherence to recommended aseptic technique. Furthermore, 
we aimed to determine whether differences in aseptic technique 
exist between non-teaching community and academic practice.

METHODS
Following REB approval (REB No. 08-0183-E) a survey regarding 
commonly used aseptic techniques during labour epidural 
insertion was distributed via regular mail to 1047 practicing 
anesthesiologists in Ontario, Canada. The participants mailing 
address were obtained from the College of Physicians and 
Surgeons of Ontario (CPSO). The survey included a pre-paid 
return envelope and a brief cover letter describing the purpose of 
the questionnaire. Participant confidentiality was maintained by 
coding each subject’s response according to a specific number 
and their  addresses were only used for distribution purposes. 

The survey was designed in the form of a self-administered 
descriptive questionnaire. Items in the questionnaire 

were formulated with the help of experienced obstetrical 
anesthesiologists practicing in both community and university 
affiliated hospitals in Ontario. (Appendix 1). The questions 
aimed to highlight the experience and clinical practice of the 
individual anesthesiologist as well as determine the different 
methods used to maintain aseptic technique while performing 
labour epidurals. 

Analysis
Completed survey results obtained from the questionnaire 
were analysed according to the responses. Means, proportions 
and percentages were calculated for the main categories. A 
secondary analysis comparing the practices between community 
and university hospitals was also completed utilizing a two-
tailed Fisher’s exact test with p < 0.05 considered as statistically 
significant. All statistics were calculated utilizing GraphPad Prism 
Software (Version 6).  

RESULTS
The response rate for this survey was 42%. The respondents 
included 40% non-teaching community and 60% academic 
physicians. The majority of respondents were from academic 
institutions, with work experience of 5-10 years and a 
frequency of 1,000 to 4,000 epidural insertions at their 
hospitals (Table 1). 

Responses ( n=439/1047 ) (Percentages)
Practice
Community/teaching/both 40/60/0
Work Experience (<5, 5-10, >10 years) 18/46/38
Frequency of epidurals (<1000, 1-4000, >4000) 32/54/14
Preparation – Hand Cleaning

With soap, extending up to the elbow x3 and sterile towel. 38
With soap, without extending up to elbows 60
With isopropyl alcohol 2
Don’t consider hand wash at all 0
Removal of Jewelry 78
Wearing of a sterile gown 39
Wearing sterile gloves 100
Wearing a surgical hat and a fresh face mask 91
Short nails 69
Anti-septic solutions
Chlorhexidine with alcohol 68
Povidine Iodine 32
Use a filter needle 22
Use of sterile drapes/towels 98
Number of support persons in the room
One support person 78
More than one support person 12
No support person 10
Patient to wear an operating room hat 46

TABLE 1: Survey demographics 
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There was a heterogeneous practice with respect to the 
wearing of sterile gowns, the type of antiseptic preparation 
solution, and the use of a filter needle for drawing local 
anesthetic solutions (Table 1). Specifically, only 39% wore a 
sterile gown, 68% selected chlorhexidine gluconate as their ideal 
antiseptic, 32% used povidone iodine, and 78% of physicians 
did not consider the use of a filter needle essential to aseptic 
practice. Furthermore, although 100% of physicians considered 
hand cleaning essential, there was significant variation regarding 
the protocol utilized; 38% of respondents washed their hands 
and forearms up to the elbow with soap and dried with a sterile 
towel while 60% of respondents washed their hands with soap 
without extending up to the elbows and did not use the sterile 
towels. An additional 2% of respondents acknowledged washing 
their hands with isopropyl alcohol (Table 1). In contrast, little to 
no variation was observed amongst physicians in terms of using 
sterile gloves (100%), a surgical hat/fresh face mask (91%) and 
sterile drapes/towels (98%). 

In addition to comparing Ontario anesthesiologists, significant 
differences were observed between academic and non-teaching 
community hospitals with respect to aseptic technique during 
epidural preparation and antiseptic solutions. Of the 38% of 
respondents that washed their hands with soap extending up to 
the elbow, the majority were from teaching hospitals rather than 
community (34% versus 4%, p < 0.0001). In contrast, 1.7% of the 
2% of respondents that washed their hands with isopropyl alcohol 
were also from community hospitals (p < 0.0001, Table 2). 
Regarding antiseptics, the majority of the respondents that utilize 
chlorhexidine gluconate were from academic hospitals (84%), 

while 9% (p < 0.0001) of the physicians utilizing povidone iodine 
were from academic hospitals. Academic hospitals also had a 
significantly higher proportion of physicians utilizing filter needles 
[(18% of the 22% respondents), p < 0.0001]. 

No significant differences were observed between 
academic and community hospitals regarding the number of 
support persons in the room, removal of jewelry, short nails, 
and the wearing of a sterile gown, surgical hat and fresh face 
mask. Almost all anesthesiologists answered yes to wearing a 
surgical hat and fresh face mask and the use of a sterile drape; 
however, 31% of respondents did not consider short nails to 
be essential practice and 22% of respondents did not remove 
jewellery (Table 2).

 
DISCUSSION
Our study revealed significant variation in aseptic practice 
amongst Ontario anaesthesiologists with respect to gowning, the 
antiseptic solution used for skin preparation, and filter needles 
for local anaesthetic withdrawal. Furthermore, while all 439 
respondents acknowledged sterile gloves and hand cleaning as 
essential aseptic practices, significant differences existed in hand 
cleaning techniques before performing labour epidurals.

“Aseptic precautions” is an umbrella term encompassing 
all aspects of aseptic technique. While this term lacks a 
comprehensive definition, several components of aseptic 
precautions are commonly considered routine within institutions 
(8) and typically encompass both the preparation for and 
performance of the procedure. We chose to survey each individual 
component of aseptic precautions, as a breech in sterility of any 

Canadian Journal of Infection Control   |   SPRING 2017   |   Volume 32   |   Issue 1   |  25-30

Responses (n=439/1047) Community physicians (%) Academic physicians (%) 
P Value (Fisher’s Exact 

Test, P < 0.05)
Preparatory Antiseptic Steps
With soap, extending 
to elbow x2 and sterile towel

11 89
p < 0.0001

With soap, without extending to elbow 60 40
With isopropyl alcohol 85 15 p < 0.0001
Removal of jewelry 49 51 p = 0.87
Wearing of a sterile gown 41 59 p = 0.17
Wearing of sterile gloves 40 60 p = 0.0071
Wearing of surgical hat/fresh mask 43 57 p = 0.068
Short nails 49 51 p = 1.00
Anti-Septic Solutions and Procedural Antisepsis
Chlorhexidine gluconate 16 84

p < 0.0001
Povidone Iodine 91 9
Use of a filter needle 18 82 p < 0.0001
Use of sterile drapes/towels 39 61 p = 0.0026
Number of Support Persons in room
1 support person 41 59

p = 0.88> 1 support person 33 67
No support person 40 60

TABLE 2: Non-teaching community versus academic institutions comparisons
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step has the potential to cause epidural catheter colonization. Our 
questionnaire was designed to include all the major steps of aseptic 
technique recommended while administering an epidural in 
addition to examining differences in practice between teaching and 
non-teaching community hospitals. 

Sterile gowns are considered a method to prevent cross-
contamination between patients and healthcare providers by 
blocking the exchange of infectious material. However, recent 
studies suggest that the use of gowns may not reduce infection 
or mortality rates (10,11). For instance, a study conducted 
by Siddiqui et al found no difference in epidural catheter 
colonization between gowned and ungowned practitioners. 
The researchers attributed the low incidence of colonization 
rates without gowns (<10%) to the overall sterile precautions 
undertaken, unlike previous studies that indicated a colonization 
rate in excess of 50% (6). In this survey, 39% (n = 171) of 
respondents considered gowns essential aseptic practice while 
performing an epidural. 

Variability among responses was also observed for 
antibacterial skin preparation, an essential step prior to the 
performance of any invasive procedure. Some of the most 
commonly used antiseptics are 0.5-2% chlorhexidine gluconate 
and povidone iodine. Chlorhexidine gluconate has been 
shown to have a very long-term efficacy. When combined with 
isopropyl alcohol, clinical studies show accelerated bactericidal 
effects with a greater degree of potency (11). In contrast, 
povidone iodine has a delayed onset of action (several minutes) 
and limited duration in effect, often requiring reapplication 
every 24 hours to maintain antimicrobial activity (4,13). 
Consequently, a combination of chlorhexidine gluconate and 
isopropyl alcohol is considered a near ideal skin disinfectant. In 
general, the respondents of our survey reflect these views. While 
some variation did exist, the majority of total respondents (68%) 
selected chlorhexidine gluconate as their ideal antiseptic. 

Regarding the use of filter needles, variation amongst 
respondents was observed. Bacterial filters are recommended 
to prevent foreign material from gaining access to the epidural 
space and to filter bacteria present within the perfusing solution 
(4). Any particulate matter injected in the epidural space can 
provoke an inflammatory reaction, putting the patient at risk of 
serious complications. Specifically, needles with a 5 μm filter at 
the catheter hub are recommended when withdrawing solutions 
from a multi dose vial through a rubber stopper (14). Despite 
these recommendations, only 22% of respondents acknowledged 
using filter needles as essential to aseptic practice. This variability 
amongst anesthesiologists may reflect the lack of scientific 
evidence supporting the use of filter needles, in addition to the 
problem of widespread availability of filter needles. 

No significant differences were observed between Ontario 
anesthesiologists regarding use of sterile drapes and sterile 
gloves. Self-adhesive fenestrated large drapes with a centre 
hole for regional techniques are currently considered standard 
practice (9,15). Moreover, covering the skin puncture site with 
either a tight occlusive dressing or a fixation device before 
removing the drape is recommended as studies indicate that 
epidural catheter colonization is largely due to microbial 

organisms from the skin (16,17). In this survey, 98% of 
respondents considered sterile drapes/towels essential aseptic 
practice. Likewise, consistent with current recommendations, 
100% of respondents acknowledged wearing sterile gloves while 
performing epidural anesthesia.  

WHO guidelines consider proper hand hygiene the most 
important aspect in the prevention of cross-contamination 
between healthcare providers and their patients (18). Hand 
hygiene aseptic techniques vary, ranging from basic soap and 
water to alcohol-containing solutions. Antiseptic solutions 
combined with an alcohol compound have been shown to 
result in significantly slower rates of bacterial regrowth (19,20). 
Therefore, it is currently recommended that healthcare 
providers utilize an alcohol-based antiseptic solution, in 
addition to soap and water, for maximal bactericidal effect. 
Based on the survey results, 100% of respondents considered 
hand cleaning an essential aseptic practice. However, the 
majority of respondents did not partake in the use of alcohol-
based antiseptic solution in addition to hand cleaning, nor 
did they extend the scrub up to the elbows. Central to the 
principle of extending hand cleaning to the elbows is the 
concept of bacterial fallout from the forearms as a potential 
source of contamination of the equipment and sterile field 
below. There is, however, a lack of scientific evidence 
regarding the best practices of handwashing, especially for 
short term regional anesthesia techniques, highlighting the 
need for further research.   

The variations in the  anesthesiologists responses that were 
observed in our survey are similar to those in an Australian 
survey of obstetrical anaesthesiologists. Similar to our results, 
Sellor et al observed wide variation in practice of what was 
considered essential aseptic precautions, reflecting a lack of 
scientific data to support the comprehensive practice of aseptic 
techniques as a whole (5). Although small differences were 
observed between the two studies, for example, Sellor  found 
that fresh face masks were not considered aseptic practice by 
29% of respondents while only 9% of our respondents did not 
use fresh face masks, such variation is likely due to the fact that 
they conducted their survey before ASRA published aseptic 
guidelines for epidural insertions. 

Finally, significant differences were observed between 
institutions when comparing the aseptic practice of teaching 
versus non-teaching community hospitals. Notably, physicians 
within academic hospitals reported significantly higher rates of 
handwashing with soap and extending to the elbow, wearing 
sterile gloves, utilizing chlorhexidine gluconate as the primary 
antiseptic solution, employing a filter needle, and using sterile 
drapes. Physicians from community hospitals had a significantly 
greater proportion of individuals washing their hands with 
isopropyl alcohol and selecting povidone iodine as their 
antiseptic of choice. 

Overall, our results reflect significant variation from published 
guidelines on asepsis. While the most recent guidelines suggest 
cap, mask, sterile gown, gloves, and a sterile drape as barrier 
precautions, this practice is not currently consistent amongst 
all antesthiologists. Furthermore, it is recommended that 
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chlorhexidine in alcohol be used for skin antisepsis following 
thorough handwashing; however, only a small percentage 
of respondants engage in this practice. Such deviations from 
current guidelines may be a reflection of the timing at which this 
survey took place. 

One of the limitations of our study include physicians’ 
abilities to self reflect on aseptic technique. Although items in 
the questionnaire were designed to accurately gauge physicians’ 
practice, self-reporting may not reflect a true picture. 

Epidural anesthesia for labour carries an increased risk of 
a breech in sterility during the procedure for several reasons. 
First, labour epidurals are performed in a delivery room on the 
obstetric floor – a more vulnerable environment for infectious 
complications compared to an operating room. Second, these 
procedures are often performed in urgent situations or the 
request for epidural occurs late in a patient’s labour. Such time 
constrictions may result in lapses in aseptic precautions and 
less precise technique. Fortunately, since obstetrical patients 
are typically young and healthy, infectious complications are 
not as common in this population as compared to others. 
However, we cannot assume that all parturients  have the 
immunity to protect against lapses in aseptic technique and 
infectious complications can result in serious, life-threatening 
conditions, including meningitis, permanent nerve damage, and 
in severe cases, death (4). Considering the variability observed 
in this study between both individual anesthesiologists and 
institutions, evidence based guidelines are necessary for all 
steps of epidural catheterization, starting from the preparation 
to the procedure itself. This will ensure more rigid aseptic 
technique in order to better protect the obstetric population 
from infectious complications. Knowing the practice among the 
anaesthesiologists in performing labour epidurals will not only 
point out the areas of concern, but also help to take vital initial 
steps in either formulating, updating and enforcing the much-
needed aseptic guidelines.

CONCLUSION
Our results suggest the practice of aseptic technique for labour 
epidural insertion currently varies among individual physicians. 
Furthermore, there is a lack of consensus between academic 
and non-teaching community hospitals as to the essentials of 
aseptic practice. 
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Section – 1 (Practice)
1.  How long have you been practicing as an anesthesiologist 

independently?
a) Less than 5 yrs     
b)  6-10 yrs 
c)  More than 10yrs

3.  How many labor epidurals do you perform/supervise  
in a week?
a) Less than 10  
b) 10-20 
c)   More than 20 

4.  Where do you practice?
a) University teaching hospital 
b)  Non-teaching community Hospital   
c) Both

5.  How many epidurals are performed at your centre per year?
a)  Less than 1,000   
b)   1,000-4,000    
c)   More than 4,000

Section – 2 (Preparation)
6.  How do you wash your hands before performing epidurals?

a)  With soap up to elbow and pat dry with sterile towel.
b)  With soap without extending up to elbows. 
c) With Isopropyl Alcohol (prior donning sterile gloves). 
d)  Don’t consider hand wash at all.    

7.  Which of the following do you practice while 
performing epidural?
a)  Remove jewelry such as rings, wrist watches, bracelets, etc.
b)  Wear a sterilized gown.
c)  Wear sterile gloves.
d)  Wear a surgical hat and a fresh face mask.
e)  Keeping short nails as essential component of proper 

aseptic technique.

Section – 3 (Technique)
8.  Which of the following is supplied in your epidural tray?

a)  Local anesthetic 
b)  Sterile prep solution
c)  None

9.  What do you use for skin prep?
a)  Pre-packed single application prep sticks
b)  Multiple use prep-solution bottles.

APPENDIX 1: The questionnaire

10. Which anti-septic solutions do you use?
a)  Chlorhexidine Gluconate and Isopropyl Alcohol
b)  Povidine Iodine  
c)  Combination of Povidine Iodine and  

Chlorhexidine Gluconate. 

11.  Do you routinely use a filter needle for drawing local  
anesthetic solutions for: 
a) Epidural      
b)  CSE     
c) Spinal
d) Top ups 

12.  Does your kit contain sterile drapes?
a)  Yes and I apply it to patients’ back to isolate the  

sterile field
b)  Yes, but I don’t I apply it to patients’ back to isolate  

the sterile field. 
c)   No, but I make sure to create a sterile field with the  

help of sterile towels.
d) No, and I don’t create a sterile field with the help  

of sterile towels.

13.  To secure and maintain the cleanliness at the insertion site, 
do you use:
a)  Sterile fixation device.
b)  Sterile opsite or similar dressing
c) Sterile gauze with adhesive tape.
d) Adhesive tape only.

14.  For labor epidurals with the exception of nurses and 
trainees, do you have a limit for number of support  
person in the room? 
a)  I allow only one support person in the room. 
b)  I allow more than one support person in the room.
c)  I don’t allow any support person in the room.

15.  Do you require all support individuals present in the  
room to wear:
a)  OR hat 
b)  Fresh facemask
c) both
d)  neither
e) not applicable

16. Do you require the patient to wear an operating room hat? 
a)  Yes     
b)   No
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ABSTRACT 

Background: This report summarizes the results of the International Nosocomial Infection Control Consortium (INICC) study conducted in five cities of the Kingdom of 
Saudi Arabia from September 2013 through March 2015.

Methods: We utilized an online surveillance system in a prospective, cohort study of device-associated healthcare-associated infections (DA-HAI) in seven adult and 
pediatric intensive care units (ICUs) of five hospitals. The study applied CDC/NHSN criteria and definitions, using INICC Surveillance Online System. 

Results: Data was collected from 4,551 ICU patients for 30,041 bed-days. In the Medical/Surgical ICUs, the central-line associated bloodstream infection (CLABSI) rate 
was 4.5 per 1,000 central line (CL)-days; the ventilator-associated pneumonia (VAP) rate was 7.5 per 1,000 mechanical ventilator (MV)-days; and the catheter-associated 
urinary tract infection (CAUTI) rate was 4.7 per 1,000 urinary catheter (UC)-days. The rates were statistically significantly higher compared to CDC/NHSN rates (0.8 
[CLABSI]; 1.1 [VAP]; and 1.3 [CAUTI]), whereas in comparison with INICC rates (4.9 [CLABSI]; 5.3 [CAUTI]; 16.5 [VAP]), CLABSI and CAUTI rates did not attain statistically 
significant difference and VAP rate was statistically significantly lower. With the exception of CL DUR in the pediatric ICUs, device utilization ratios were higher than INICC 
and CDC/NHSN’s. Excess length of stay was 14.8 days for patients with CLABSI, 17.5 for patients with VAP and 22.1 for patients with CAUTI. Excess mortality was 38.4% 
for CLABSI, 31.8% for VAP and 19.0% for CAUTI in adult and pediatric ICUs. 

Conclusions: DA-HAI rates found in the study are higher than CDC/NSHN reported rates and similar to or lower than INICC’s.

KEY WORDS: 

Saudi Arabia; hospital infection; antibiotic resistance; ventilator-associated pneumonia; catheter-associated urinary tract infection; central line-associated bloodstream infections.
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INTRODUCTION
Device-associated healthcare-acquired infections 
(DA-HAIs) are considered one of the principal threats 
to patient safety in the intensive care settings and are 
among the main causes of patient morbidity and mortality, 
particularly in limited-resource parts of the world (1, 2).

Available evidence indicates that DA-HAI surveillance 
programs may have a positive impact on reducing healthcare-
acquired infection rates and healthcare costs (3). Linking 
the DA-HAI causative microorganisms to their antimicrobial 
susceptibility is essential to minimize development of resistant 
strains (4). In the same way, it is fundamental to address 
the burden of antimicrobial-resistant infections and report 
pathogens and susceptibility to antimicrobials of DA-HAI-
associated pathogens, so that informed decisions can be 
made to effectively prevent transmission of strain phenotypes 
with very few available treatments options (4).

For more than 30 years, the U.S. the Centers for 
Disease Control and Prevention’s National Healthcare 
Safety Network  (CDC/NHSN) has provided benchmarking 
U.S. intensive care unit (ICU) data on DA-HAIs, which 
have proven invaluable for researchers (5). 

The International Nosocomial Infection Control 
Consortium (INICC) is an international non-profit, open, 

multi-centre, collaborative healthcare-associated infection control 
program with a surveillance system based on that of the CDC/NHSN, 
(5) using the INICC Surveillance Online System (ISOS) (6-8). INICC is 
comprised of more than 2,000 hospitals in 500 cities of 66 countries 
from Latin America, Europe, Eastern Mediterranean, Southeast 
Asia, and Western Pacific (World Health Organization regions) and 
is currently the only source of aggregate standardized data on the 
epidemiology of healthcare-associated infections (HAIs) worldwide 
(9). INICC goals are to create a dynamic global network of hospitals 
worldwide and conduct surveillance of DA-HAIs and SSIs using 
standardized definitions and established methodologies, and reduce 
DA-HAI rates worldwide (10).

This report is a summary of data on DA-HAIs collected using ISOS, 
between September 2013 and March 2015 in 7 ICUs in 5 hospitals in 
the Kingdom of Saudi Arabia (6, 7).  

METHODS
Setting and study design
This prospective cohort surveillance study was conducted in 7 ICUs 
of 5 hospitals in five different cities of the Kingdom of Saudi Arabia, 
through the implementation of the INICC Multidimensional Approach 
(IMA), as described below. 

The types of ICUs participating in this study were as follows: one 
coronary, five medical/surgical and one pediatric. 
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Type  
of ICU

ICU, 
n

Patients, 
n

Bed 
days

CL 
days, n

DUR, CL 
(95% CI)

CLABSI, 
n

CLABSI 
rate

MV 
days, 

n
DUR, MV 
(95% CI)

VAP, 
n

VAP
rate

UC 
days, n

DUR, UC 
(95% CI)

CAUTI, 
n

CAUTI 
rate

Coronary        1 975 4,160 339 0.08
(0.07 - 0.09)

2 5.9 198 0.05
(0.04 - 0.05)

1 5.1 927 0.22
(0.21 - 0.24)

3 3.2

Medical/
Surgical

5 3,337 24,629 17,925 0.73
(0.72 - 0.73)

81 4.5 20,776 0.84
(0.84 - 0.85)

156 7.5 20,675 0.84
(0.83 - 0.84)

98 4.7

Pediatric      1 239 1,252 506 0.40
(0.38 - 0.43)

6 11.9 731 0.58
(0.56 - 0.61)

8 10.9 494 0.39
(0.37 - 0.42)

0 0.0

Pooled 7 4,551 30,041 18,770 0.62
(0.62 - 0.63)

89 4.7 21,705 0.72
(0.72 - 0.73)

165 7.6 22,096 0.74
(0.73 - 0.74)

101 4.6

ICU, intensive care unit; CL, central line; CLABSI, central line-associated bloodstream infection; MV, mechanical ventilator; VAP, 
ventilator-associated pneumonia; UC, urinary catheter; CAUTI, catheter-associated urinary tract infection; * DA-HAI rates are 
expressed as healthcare-associated infections per 1000 device-days; DUR, device utilization ratio; CI, confidence interval.

TABLE 1: Pooled means of rates of central line-associated bloodstream infection, ventilator-associated pneumonia, and 
catheter-associated urinary tract infections and utilization ratios, by type of location, adult and pediatric patients

Patients
Patients, 

n
Deaths, 

n
Pooled crude
mortality, % 

Pooled crude
excess mortality, 

% (95% CI)
LOS, 

total days
Pooled average 

LOS, days 

Pooled average 
excess LOS, days 

(95% CI)

Without DA-HAI 4,289 759 17.7 23,288 5.4 1.0

With CLABSI 41 23 56.1 38.4 (23.2 - 52.7) 830 20.2 14.8 (13.5 - 16.2)

With CAUTI 49 18 36.7 19.0 (6.9 - 32.8) 1,350 27.6 22.1 (20.7 - 23.6)

With VAP 95 47 49.5 31.8 (22.5 - 41.1) 1,665 17.5 12.1 (11.3 - 12.9)

ICU, intensive care units; CI, confidence interval; DA-HAI, device-associated healthcare-acquired infection; CLABSI, central line-
associated bloodstream infection; VAP, ventilator-associated pneumonia; CAUTI, catheter-associated urinary tract infection; LOS, 
length of stay; CI, confidence interval.

TABLE 2: Pooled means of crude mortality, crude excess mortality, length of stay, and crude excess Length of stay, of adult and 
pediatric intensive care unit patients with and without device-associated healthcare-acquired infection
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We collected denominator data, patient-days and specific device-
days to calculate DA-HAI rates per 1000 device-days. Prospective 
data using INICC patient detailed forms were used to calculate excess 
mortality and length of stay (LOS).

The infection control professionals (ICPs) had previous experience 
conducting surveillance of DA-HAIs. 

In accordance with the INICC’s Charter, the identity 
of all hospitals and cities is kept confidential. Due to 
the fact that this was an epidemiological surveillance 
study, which did not include tests of experimental 
drugs, biomedical devices or products, and that patient 
data were anonymized, an informed consent was not 
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 This Report
INICC Report

(2007-2012)(9)
CDC/NHSN Report 

(2013)(5)

Medical Surgical ICU

CL, DUR 0.73 (0.72 – 0.73) 0.54 (0.54 – 0.54) 0.37

CLABSI rate 4.5 (3.6 – 5.6) 4.9 (4.8 – 5.1) 0.8

MV, DUR 0.84 (0.84 – 0.85) 0.36 (0.36 – 0.36) 0.24

VAP rate 7.5 (6.4 – 8.8) 16.5 (16.1 – 16.8) 1.1

UC, DUR 0.84 (0.83 – 0.84) 0.62 (0.62 – 0.62) 0.54

CAUTI rate 4.7 (3.8 – 5.8) 5.3 (5.2 – 5.8) 1.3

Pediatric ICU

CL, DUR 0.40 (0.38 – 0.43) 0.50 (0.50 – 0.50) 0.45

CLABSI rate 11.9 (4.4 – 25.8) 6.1 (5.7 – 6.5) 1.2

MV, DUR 0.58 (0.56 – 0.61) 0.53 (0.53 – 0.53) 0.37

VAP rate 10.9 (4.7 – 21.6) 7.9 (7.4 – 8.4) 0.8

UC, DUR 0.39 (0.37 – 0.42) 0.31 (0.31 – 0.32) 0.21

CAUTI rate 0.0 (0.0 – 7.5) 5.6 (5.1 – 6.1) 2.5

 Pathogen, antimicrobial This Report
Resistance %

INICC 2007-2012
Resistance % (9)

CDC/NHSN 2009-2010
Resistance % (4)

Staphylococcus aureus 
Oxacillin 60% 61.2% 54.6%

Enterococcus faecalis
Vancomycin 0% 12.2% 9.5%

Pseudomonas aeruginosa
Ciprofloxacine
Piperacillin or  
   piperacillin-tazobactam
Amikacin
Imipenem or meropenem

23%

25%
21.4%
37.5%

37.5%

33.5%
42.8%
42.4%

30.5%

17.4%
10.0%
26.1%

Klebsiella pneumoniae
Ceftriaxone or ceftazidime
Imipenem or meropenem

60%
30.4%

71.2%
19.6%

28.8%
12.8%

Acinetobacter baumanii
Imipenem or meropenem 95.1% 66.3% 62.6%

Escherichia Coli
Imipenem or meropenem 0% 8.5% 1.9%

ICU, intensive care unit; CLABSI, central line-associated bloodstream infection; VAP, ventilator-associated pneumonia; CAUTI, 
catheter-associated urinary tract infection; DUR, device utilization ratio; INICC, International Nosocomial Infection Control Consortium; 
CDC/NSHN, Centers for Disease Control and Prevention National Healthcare Safety Network of the United States of America. 

TABLE 3: Benchmarking of device-associated healthcare-acquired infection and antimicrobial resistance rates in this report 
against the report of the International Nosocomial Infection Control Consortium (2007-2012) and the reports of the US Centers 
for Disease Control and Prevention’s National Healthcare Safety Network Data (2013 and 2009-2010)
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necessary according to the ethics committees that evaluated 
and approved the study.

 
INICC Surveillance Online System
INICC Surveillance Online System (ISOS) applies standard 
CDC/NSHN methods and definitions,(11) and also includes 
INICC methodology, collecting specific data per patient from all 
patients, both those with and those without HAI, collecting risk 
factors of HAIs, such as invasive devices, and surrogates of HAIs, 
which include, but are not limited to, fever, low blood pressure, 
results of cultures, antibiotic therapy, LOS and mortality. 
Collecting data on all patients in the ICU makes it possible to 
match patients with and without HAI by several characteristics.

Data collection and analysis
The ISOS follows the INICC protocol and ICPs and hospital 
epidemiologist, who collected daily data on central line-associated 
bloodstream infections (CLABSIs), catheter-associated urinary tract 
infections (CAUTIs) and ventilator-associated pneumonias (VAPs), 
and denominator data, patient-days and specific device-days in 
the ICUs. These data were uploaded to the ISOS, and were used 
to calculate DA-HAI rates per 1000 device-days, mortality and 
LOS, according to the following formulas: Device-days consisted of 
the total number of central line (CL)-days, urinary catheter (UC)-
days, or mechanical ventilator (MV)-days. Crude excess mortality 
of DA-HAI equaled crude mortality of ICU patients with DA-HAI 
minus crude mortality of patients without DA-HAI. Crude excess 
LOS of DA-HAI equaled crude LOS of ICU patients with DA-HAI 
minus crude LOS of patients without DA-HAI. Device utilization 
ratio (DUR) equaled the total number of device-days divided by 
the total number of bed days.

Training
ICPs and hospital epidemiologists were trained by the INICC team 
during a two-day session in September 2013. Investigators were 
also provided with tutorial movies, manuals and training tools 
that described in detail how to perform surveillance and upload 
surveillance data through the ISOS. In addition, investigators 
assisted webinars, and had continuous access to a support team at 
the INICC headquarters in Buenos Aires, Argentina.

Statistical analysis
INICC Surveillance Online System (ISOS) version 2.0 (Buenos 
Aires, Argentina) was used to calculate HAI rates, device 
utilization, LOS and mortality. Relative risk (RR) ratios, 95% 
confidence intervals (CIs) and P-values were determined for 
primary and secondary outcomes using EpiInfoÒ version 6.04b 
(CDC, Atlanta, GA), SPSS 16.0 (SPSS Inc. an IBM company, 
Chicago, Illinois).

RESULTS
The length of hospitals’ participation in the INICC Program 
was as follows: mean length of participation + SD, 17.4 + 4.6 
months, range 6 to 19 months. For the Outcome Surveillance 
Component, DA-HAI rates, DURs ratios, crude excess mortality, 
crude excess LOS, by specific type of DA-HAI, microorganism 

profile and bacterial resistance from September 2013 through 
March 2015 are summarized in Tables 1 to 4. 

Table 1 shows DA-HAI rates in all the participating ICUs 
and provides data on DURs for CL, UC and MV, and their 
respective confidence intervals. Central line DUR, mechanical 
ventilator DUR and urinary catheter DUR were statistically 
significantly higher in the Medical/Surgical ICUs.

Table 2 provides data on crude ICU mortality and crude 
LOS in patients hospitalized in each type of unit during the 
surveillance period, with and without DA-HAI, and crude 
excess mortality and crude excess LOS of adult and pediatric 
patients with CLABSI, CAUTI, and VAP. It was possible to 
calculate this data, because unlike standard CDC/NHSN 
methodology, which only collects data of devices and 
DA-HAI, by using ISOS INICC also collects LOS, mortality 
and several other outcomes.  

Table 3 compares the results of DA-HAI rates and DURs 
in this report from the Kingdom of Saudi Arabia with the 
INICC international report for the period 2007-2012 
and with the US CDC/NHSN report of 2013 (9, 12), and 
provides data on bacterial resistance of pathogens isolated 
from patients with DA-HAI in adult and pediatric ICUs, 
and compares the antimicrobial resistance rates of this 
report with the INICC international report for the period 
2007-2012 and with the CDC/NHSN report of 2009-
2010. Overall, CLABSI and CAUTI rates did not attain 
statistically significant difference in this study to the INICC 
data, although there was a statistically significantly lower 
VAP rate in this study compared to INICC. Compared to 
US CDC/NHSN data, all DA-HAI rates in this study were 
statistically significantly higher. DUR was higher in most 
cases as well, but the CL DUR in the pediatric ICUs was 
lower than the INICC and US CDC/NHSN reported data. 

DISCUSSION 
Scientific literature has indicated that the rates of reported 
DA-HAIs in Kingdom of Saudi Arabia’s ICUs are higher than 
the rates reported by the U.S. CDC/NHSN (13). In a study 
published in 1995, the DA-HAI rates in Saudi Arabia were 
as follows: 6.4 VAP rate per 1,000 MV-days in the pediatric 
ICUs, 20.7 CLABSI rate per 1,000 CL-days, and 11.4 CAUTI 
rate per 1,000 UC-days in the medical ICU (13). Balkhy et 
al. showed that the most common health-care infections in 
Saudi Arabia were CLABSI, followed by VAP and CAUTI, 
while in this study the VAP was the most frequent infection. 
The excess LOS for health-care infection was 8 days or more 
in this study, which was less than the 12-22 days in this study 
(14). In a recent study conducted in a Pediatric ICU, the 
CLABSI rate was 20.1 per 1,000 CL-days, which was higher 
than the found 11.9 CLABSI rate in this type of ICUs (15). In 
another study conducted in an adult ICU from Saudi Arabia 
the CLABSI rate was 4.6 per 1,000 CL days, which was very 
similar to the 4.5 rate in this study’s medical/surgical ICUs 
(16). The VAP rate in a different study in a pediatric ICU was 
8.9 per 1,000 MV days, which was lower than this study’s 
rate (10.9)(17).
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In this study’s ICUs, DA-HAI rates and pooled DU ratios 
did not attain statistical significance to or were statistically 
significantly lower than the Global INICC Report and higher 
than CDC/NHSN’s data (5, 9). LOS and mortality were 
statistically significantly higher in patients with DA-HAI; it 
was possible to calculate this data, because unlike standard 
CDC/NHSN methodology, which only collects data of devices 
and DA-HAI, through the use of ISOS, LOS and mortality 
were also collected. 

The percentages for Enterococcus faecalis as resistant to 
vancomycin, and Escherichia Coli as resistant to imipenem 
or meropenem, were lower in this study than in INICC and 
CDC/NHSN reports (4). On the other hand, the antimicrobial 
resistance percentages found in this study’s ICUs were similar 
to the CDC/NHSN(4) and INICC reports (9) for Staphyloccocus 
aureus as resistant to oxacillin. By contrast, the resistance 
percentages for Pseudomonas aeruginosa were higher in this 
study than in U.S. CDC/NHSN’s report (4), but similar to the 
INICC reported resistance (9). 

These higher DA-HAI rates compared to CDC/NHSN may 
be due to the fact that even having evidence-based updated 
national infection control bundles, adherence of health care 
workers to infection control bundles might be irregular (18). 

In order to reduce the hospitalized patients’ risk of infection, 
DA-HAI surveillance and measurement of consequences, such as 
length of stay and mortality, are primary and essential, because 
it effectively describes and addresses the importance and 
characteristics of the threatening situation created by DA-HAIs. 

The INICC program, in this particular study, focuses just on 
the ICUs; that is, healthcare settings with the highest HAI rates, 
in which patients’ safety is most seriously threatened, due to 
their critical condition and exposure to invasive devices (18).  

Through the last 12 years, INICC has undertaken a global 
effort in America, Asia, Africa, Middle East, and Europe 
to respond to the burden of DA-HAIs, and has achieved 
successful results, by increasing hand hygiene compliance, 
improving compliance with other infection control bundles 
and interventions as described in several INICC publications, 
and consequently reducing the rates of DA-HAI and mortality 
(11, 19-38).

To compare a hospital’s DA-HAI rates with the rates 
identified in this report, it is required that the participating 
hospitals collect their data by applying the methodology 
described for CDC/NHSN and INICC, and then calculate 
infection rates and DURs for the DA-HAI Module.

The particular and primary application of these data is to serve 
as a guide for the implementation of prevention strategies and 
other quality improvement efforts locally for the reduction of 
DA-HAI rates to the minimum possible level. 

Study limitations
The findings in this report did not consider the difference in 
time periods for the different data sources in the comparisons 
made with INICC and CDC/NHSN. Second, the member 
hospitals’ laboratories had to be relied on to identify infecting 
pathogens and delineate bacterial resistance patterns, although 

different laboratories have varying levels of expertise and 
resource availability; however, similar concerns can be raised 
about any multi-institutional surveillance study. Third, the 
frequency of culturing and the use of other diagnostic tests 
were beyond the control of infection control programs; in 
hospitals where culturing and other laboratory testing is 
infrequent and suspected infections are treated empirically, the 
capacity of the surveillance program to detect most DA-HAIs is 
likely to be low. 

CONCLUSIONS
DA-HAI continues to pose a public health threat that may 
affect the quality of healthcare service in the Kingdom of 
Saudi Arabia. There is a growing need to establish surveillance 
systems including monitoring compliance with intervention 
bundles, in order to continue reducing the burden of HAIs. 
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ABSTRACT

Objectives: The aim of this study was to compare, in a blinded design, antifungal efficacy of two airborne disinfectants (AD) for Aspergillus-contaminated false ceilings of 
hospital rooms. 

Methods: Two types of ADs containing either hydroxyacetic acid (AD#1) or peracetic acid + H2O2 (AD#2) were tested for the disinfection of A. fumigatus on false 
ceiling of four hospital rooms. Airway disinfection involves non-directed spraying of disinfectants reaching all surfaces contained in a given volume. 

Results: A total of 11 different false ceiling tiles were sampled before and after disinfection in each of the four rooms tested. Product AD#2 showed a Contamination Rate 
(CR) of A. fumigatus decreasing from 7.2±6.5 colony-forming units (CFU)/m2 (mean±SD) before to 2.5±3.4 after disinfection (adjusted p=0.05). AD#1 had CR fall from 
9.4±8.5 CFU/m2 to 7.9±7.3 (adjusted p=0.80). 

Conclusions: AD#2 is significantly more effective at eradicating A. fumigatus, thus representing a good alternative to environmental management of this pathogen in 
hidden reservoirs.

KEY WORDS

Aspergillosis, airborne disinfection, environment reservoir, hospital
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INTRODUCTION
Aspergillus fumigatus is a filamentous, ubiquitous saprophyte 
fungus that causes invasive infections in immunocompromised 
patients, often with severe outcomes and 50-90% mortality (1,2). 
Contamination occurs by inhalation of airborne conidia spores, 
with various consequences, from allergy to invasive aspergillosis 
(IA) (3,4). The species evoking IA are mostly A. fumigatus (>80%), 
A. flavus, A. terreus and, rarely, A. nidulans (3). Incidence of IA has 
been associated mainly with fungal exposure due to infrastructure 
work (5-8). Persistence of fungal spores in hospital environment 
creates reservoirs which directly impact IA incidence (9-11). For 
several decades we have known that dust above false ceiling is an 
environmental niche for Aspergillus which can be re-suspended 
in the air when maintenance or renovation work are carried out 
(12). The most effective way of decreasing IA occurrence is to 
eliminate those reservoirs and avoid direct patient exposure to 
environmental Aspergillus conidia by an appropriate disinfection 
(13-14). Airborne disinfection comprises the non-directed 

spraying of disinfectants onto surfaces within a determined 
volume, and can be ejected in dry or wet vapor forms. A fine 
particle aerosol is generated with particles settling onto surfaces 
and decontaminating them. The usual airborne disinfectant 
(AD) AD#1 used at our hospital include hydroxyacetic acid 
for false ceiling disinfection. Lately, another product comprised 
of hydrogen peroxide (H2O2) with peracetic acid has become 
available. In this study we evaluated the antifungal efficacies 
of two airborne disinfectants (AD) for decontamination of false 
ceilings from A. fumigatus.

METHODS
The study was conducted in one of the 32 blocks of an 800-
bed teaching hospital in Lyon (France) in December 2014. The 
building was recently closed for subsequent demolition. This 
was an opportunity to evaluate the extent of contamination 
with A. fumigatus, and to test the technical feasibility of airborne 
disinfection within false ceilings of partly active medical wards.
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Sampling strategy
Four similar rooms of a 24-bed medical unit were randomly 
selected for the study. The rooms were comparable in volume, 
location and exposure. Sampled false ceiling tiles were randomly 
assigned. Top of chosen tiles were entirely sampled with sterile 
wipes (Biomerieux®) before and a day after AD application 
(Figure 1). Tiles selected were measured in square meters (a 
mean of 1,65 m2 of tiles located in center and 1,66 m2 of tiles 
located at rooms corners) in order to report the A. fumigatus 
contamination measured to the surface sampled (CFU/m2). 

Application of disinfection product
AD#1 contained 4% hydroxyacetic acid (80 mg/m3), and AD#2 
contained 3% peracetic acid (~1,200 ppm) and 0.12% H2O2. 
Each AD was assigned to two different rooms out of the four rooms 
tested and applied by the same operator, as recommended by the 
supplier. Rooms were emptied and all openings were sealed during 
the disinfection period. In order to facilitate AD dispersion in false 
ceilings in the tested rooms, few tiles were slightly displaced just 
before AD application. Thus, chemical particles could saturate the 
room entirely and be active on all surfaces. 

Plate incubation and reading
Sterile wipes were transferred into stomacher bags fi lled with 
buffered peptone water (200 ml) afterwards. For each sample, 
1 ml was inoculated on yeast extract glucose chloramphenicol 
agar. Negative controls were realized with unused sterile wipes. 
Plates were incubated fi ve days at 37°C and checked every 
48 hours to observe A. fumigatus colonies growth. A. fumigatus 
colonies were counted, microscopically identifi ed and expressed 
in colony-forming units per square meter (CFU/m2). Only 
A. fumigatus colonies were considered in this study.

Statistical analysis
Before this study began, preliminary tests were conducted on 
false ceiling tiles of another medical unit to ascertain the best 
sampling technique, between sampling by sterile wipes and 
agar impaction, for evidencing at least 75% of decontamination 
with a probability of 90% between the two groups (data not 
shown). Continuous data were reported as mean ± standard 
deviation (SD) for each condition (after and before disinfection) 
and each AD (AD#1 vs AD#2). The similarity of contamination 
distribution before disinfection among the four rooms was 
checked by the Kruskal-Wallis test. Then, contamination 
distribution was compared before or after disinfection vs AD#1 
or AD#2, by Wilcoxon rank test leading to four statistical 
tests: i) before AD#1 vs before AD#2, ii) after AD#1 vs after 
AD#2, iii) before AD#1 vs after AD#1, and iv) before AD#2 
vs after AD#2. We reported p values for each single test and p 
values adjusted for multiple (i.e., 4) comparisons with the Holm 
method (15). For all statistical tests, the two-tailed signifi cance 
level was p 0.05. 

RESULTS
A total of 11 different false ceiling tiles were sampled before 
and after disinfection in each of fl oor rooms tested leading to 

22 observations per occasion and product, i.e., a total of 88 
observations. All 88 environmental samples were collected and 
processed for isolation of A. fumigatus colony. 

Comparison of A. fumigatus load 
before and after disinfection with each AD 
No statistically signifi cant difference of A. fumigatus 
contamination was found between corner tiles and center tiles 
in the four rooms before or after disinfection. Similarly, no 
difference was found across the four rooms before disinfection 
(p=0.72). Mean values (CFU/m2) before disinfection were: 
AD#1 vs AD#2: 9.4±8.5 vs 7.2±6.5 (p=0.39, adjusted 
p=0.78). The evolution of A. fumigatus contamination after AD 
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* Adjusted P-value  0.05 (Wilcoxon test)
() Single test P-value 

FIGURE 2: Evaluation of false ceiling tile contamination 
before and after disinfection with AD#1 vs AD#2

FIGURE 1: Sampling of false ceiling tiles 
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application is shown in Figure 2. Significant differences between 
the two products after disinfection were found. After AD, CFU/
m2 values were: AD#1 vs AD#2 against A. fumigatus: 7.9±7.3 
vs 2.5±3.4 (p=0.02, adjusted p=0.05).

Efficacy of AD products on A. fumigatus tiles load
Fungal loads of A. fumigatus were compared before and after 
disinfection with AD#1 or AD#2. In the AD#1 group, the  
A. fumigatus contamination rate was 9.4±8.5 before and 
7.9±7.3 CFU/m2 after disinfection (p=0.80, adjusted p=0.80), 
whereas in the AD#2 group, the A. fumigatus contamination 
rate was 7.2±6.5 before and 2.5±3.4 CFU/m2 after disinfection 
(p=0.01, adjusted p=0.04) (Figure 2). Reduction rates were 
16% for AD#1 and 66% for AD#2 respectively.

DISCUSSION 
AD#2, the new tested product, composed of H2O2 and 
peracetic acid vapor was effective against A. fumigatus as it 
delivered 66% reduction of environmental colonization vs. 
16% for AD#1. Construction, renovation and maintenance 
work in healthcare facilities present a challenge to the 
safety of immunocompromised patients by exposing them 
to Aspergillus conidia re-suspended in the air. This mold is 
ubiquitous both indoors and outdoors, often growing behind 
walls and above false ceilings. To ensure safe environment for 
immunocompromised patients with respect to Aspergillus, it 
is important to reduce the airborne burden of conidia. It has 
already been demonstrated that IA rates can be decreased 
by enhancing environmental management around high-risk 
patients (9). We consider that one of the relevant ways to 
prevent the spread of these airborne pathogens is to reduce 
environmental reservoirs by using optimal products to reach 
this objective. Some have investigated the efficacy of airborne 
systems for the disinfection of some hospital environments and 
for infection control, but their antifungal efficacy has not been 
evaluated on false ceilings which expose high-risk patients 
to IA during maintenance/renovation work in hospital wards 
(16-17). Our investigation confirmed the high homogenous 
presence of A. fumigatus on the false ceilings of hospital 
units. To our knowledge no other study has investigated the 
contamination rate of A. fumigatus on false ceiling of hospital 
rooms and evaluated disinfection methods to prevent its spread 
during renovation/maintenance. The antifungal efficacy of both 
of the tested products complied with the French standards for 
fungicide activity (NF T 72-281). The main difference between 
the two technologies is the emission of chemical particles. 
One of the products, (AD#1), ejects particles in dry vapor 
form, whereas the other product (AD#2) occurs in wet vapor 
form. These products are used in different fields of work. 
AD#1 typically disinfects surfaces in the food industry and 
canteens, whereas AD#2 is mostly confined to medical device 
disinfection and sterilization in the pharmaceutical industry. 
AD#1 appears to be the least expensive product available and 
more suitable for hospital food service areas rather than ward 
disinfection. For application of these products, rooms need to 
be vacated and air vents sealed for several hours, depending 

of the product applied and the volume of the room. While 
some studies have shown the effectiveness of those systems as 
an environmental disinfectant and infection control measure, 
this has still some limitations for use in real life settings, where 
wards are occupied by patients and rooms are rarely empty 
(16). In this study we tested these products in an empty ward 
in order to evaluate its efficacy for false ceiling disinfection 
before renovation work. No leakage of product was observed; 
so it seems that these products could be used in sealed part of 
wards undergoing renovation work even if the other parts of 
the wards remain active. 

Our study has some limitations. Neither the kinetics of 
Aspergillus colonization on false ceiling tiles, nor the contribution 
of this source compared to other sources (surfaces, air, water) 
were estimated. The study focused only on one empty 
conventional medical ward and cost effectiveness was not 
assessed for both products which had different purchase prices. 

CONCLUSION
This study highlighted the presence of environmental reservoir 
of A. fumigatus on hospital false ceiling. The new product, 
AD#2 appears to be the most efficient for A. fumigatus 
eradication from room false ceiling. Our data indicate that 
airborne disinfection devices can help prevent Aspergillosis risk 
from hidden environmental reservoirs, such as false ceilings in 
hospitals by lowering the A. fumigatus bioburden present on tiles 
just before removing it for infrastructure facility. Our findings 
also showed that this protocol seems possible in a sealed part of 
an active hospital ward undergoing renovation.
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ABSTRACT

Objectives: To expand the CDI surveillance protocol to capture information about patients with community onset healthcare-associated C. difficile.

Methods: A series of consultations were held with experts in medical microbiology, infectious diseases, information technology, and infection control. Four main issues 
were to be addressed: database evaluation; revision of inclusion criteria; data collection evaluation; and improved access to provincial electronic health records database.

Results: The revised CDI surveillance protocol was launched on April 1, 2016. The database was revised to incorporate changes to the inclusion criteria, as well as data 
collection. Preliminary results indicate that one-third of the patients diagnosed with HA-CDI in Saskatchewan have symptom onset in the community.  

Conclusions: Inconsistencies in surveillance definitions and access to data can negatively affect a multi-jurisdictional surveillance program. Early involvement of those 
performing data collection is critical for the success of the program.
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INTRODUCTION
Clostridium difficile infection (CDI) is a virulent healthcare-
associated infection that is easily spread among patients/
residents in healthcare facilities (1). Its severe consequences 
demand a reliable surveillance protocol in order to support 
outbreak investigations, monitor trends, and evaluate 
interventions aimed at reducing incidence.

Recent studies suggest that the epidemiology of healthcare-
associated CDI (HA-CDI) is changing. Although CDI continues 
to be predominantly a healthcare-associated infection, with 
94% of all CDI being related to a recent healthcare exposure, 
location of onset of these infections has begun to shift from 
acute care hospitals to long term care (LTC) facilities or 
outpatient settings (2-5). Presently, there is limited Canadian 
surveillance information about cases presenting to these settings 
due to challenges obtaining timely and consistent data. 

In 2012, a provincial CDI surveillance system was launched in 
Saskatchewan that included all patients over one year of age with 

CDI who were in an acute or LTC facility at the time of diagnosis. 
The regional Infection Control Professionals (ICPs) charged 
with data collection experienced various challenges obtaining 
notification of all cases. In 2014, CDI became reportable 
to public health in Saskatchewan (6). However, due to the 
existence of the provincial surveillance protocol, tracking of CDI 
was deemed to be the role of ICPs and not public health, so it 
became imperative that notification systems to ICPs be improved. 
In November 2015, ICPs began receiving all CDI toxin positive 
lab reports from the provincial lab directly and confidence grew 
that ICPs were receiving notification of most, if not all, CDI cases.  

A review of the program and recent literature in late 2015 
indicated that the 2012 protocol was working well to achieve the 
initial goal of capturing quality data on those patients diagnosed 
with CDI while in a healthcare facility, but it was excluding 
valuable information from those patients with recent healthcare 
admissions who were diagnosed with CDI in outpatient settings. 
The goal of the revised protocol was to expand the inclusion 
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criteria to allow the capture of information for those patients 
diagnosed with HA-CDI with symptom onset in the community.

METHODS
Late in 2015, provincial Infection Control Coordinators (ICCs) 
within the Ministry of Health held a series of consultations 
with regional ICPs currently responsible for CDI data collection 
and reporting, as well as with experts in medical microbiology, 
epidemiology and information technology (IT). It was desirable 
to address four main issues in the new protocol:
• Evaluate existing (Epidata) database and revise or develop 

new as necessary.
- Assess whether new, improved options exist for data  

collection and analysis.
- Revise existing or develop new database to incorporate 

expanded inclusion criteria, updated facility codes and 
other changes as needed.

• Better align Saskatchewan’s CDI surveillance protocol with 
the Canadian Nosocomial Infection Surveillance Program 
(CNISP) CDI surveillance protocol (7).
- Update surveillance case definitions in provincial  

protocol to match those in most recent CNISP protocol.  
- For convenience of the acute care facilities in the 

province that also participate in the CNISP surveillance 
program: Investigate feasibility of developing one data 
collection form for both surveillance programs and 
ensure new database has ability to filter out cases meet-
ing CNISP criteria to allow for cross-referencing.

• Identify ways for ICPs to obtain permission to access new 
provincial electronic health records database (eHR Viewer).
- Access is critical for identifying if patients meet expanded 

inclusion criteria (i.e. had previous admission to any 
healthcare facility in the province in the past four weeks).

• Data collection evaluation.
- Evaluate what data remained important to collect and what 

could be discontinued in an effort to balance increased 
workload for those doing data collection and entry.

RESULTS
Revisions to the Saskatchewan CDI Surveillance protocol for 
2016-17 (8) and EpiData database for CDI data collection were 
completed by January 2016 and went through pilot testing in 
February. Data collection using the new protocol began April 1, 
2016. Results from the first two quarters of fiscal year 2016-17 
indicate that 27% (Q1) and 31% (Q2) of the patients diagnosed 
with HA-CDI had symptom onset in the community and 
information about treatment of those patients is proving useful 
in developing new antimicrobial stewardship initiatives.

 In order to implement the surveillance protocol expansion, 
the following decisions were made and actions taken:

First, the decision was made to simply revise the 
programming in the existing version of EpiData (v3.1) as there 
was no additional cost and everyone was familiar with using it.  

Second, given that the inclusion criteria for the CNISP and 
provincial CDI surveillance systems are different; the three 
participating CNISP sites in the province elected to continue 

use of two separate data collection forms to avoid confusion. 
Changes were made to the Saskatchewan data collection form 
to provide a more visually appealing form that is similar to 
that used by CNISP and the database was designed to allow 
regions to filter out cases meeting CNISP criteria to allow for 
cross-referencing. It is important to note that Saskatchewan’s 
surveillance protocol is now aligned with CNISP in terms of 
case definitions for primary and recurrent CDI cases, as well 
as definitions for healthcare-associated (HA) and community-
associated (CA) CDI. However, inclusion criteria differ in that 
Saskatchewan’s protocol includes those patients over one year 
of age that have been diagnosed anywhere in the province 
(inpatient and outpatient), while the CNISP protocol only 
includes those over one year of age that were diagnosed during 
an acute inpatient visit.

Third, advocacy at a provincial level for the role of ICPs in 
this and other provincial surveillance initiatives resulted in the 
addition of the ICP job description to the approved access list 
for the new provincial electronic health records database (eHR 
viewer). This allows approved users to search for lab results and 
admissions data for a patient anywhere in the province, not only 
within a specific health region.

Finally, the decision was made to discontinue collection 
of risk factor data, including prescription of antibiotics in the 
previous six weeks. This was deemed to be information that 
was fairly labor intensive to collect, has already been well 
documented in the literature, and is already being used to 
improve patient outcomes through antimicrobial stewardship 
and other education initiatives.

DISCUSSION
Development of a surveillance protocol that crosses jurisdictions 
is always challenging. In 2012, the decision to begin a provincial 
surveillance program with C. difficile infections was due to the 
presumed ease of obtaining lab results and the ability to use 
relatively objective case definitions that were already being 
used by most health regions in the province. During the first 
three years of data collection, information was gathered that 
demonstrated a variety of inappropriate treatment regimens 
for new and recurrent cases, and identified trends in new CDI 
cases, as well as CDI outbreaks within regions and across the 
province. This information has been incorporated into the 
provincial CDI management guidelines (9) and education tools 
in an effort to educate staff and physicians about how to prevent 
the spread of CDI within the facilities.

Despite the wealth of information that was obtained with 
the 2012 version, the time had come to expand the scope of 
the program to incorporate those patients with CDI onset in 
the community. During the expansion process, several lessons 
were learned:

Despite the desire to streamline data collection and align with 
CNISP, attempts to combine data collection into one form were 
unsuccessful because of fundamental differences in inclusion 
criteria (i.e., CNISP excludes cases diagnosed in mental health, 
LTC, and outpatient settings). Current initiatives, such as the 
National Surveillance Case Definition Standardization project 
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(10), that are endeavoring to develop Pan-Canadian surveillance 
definitions for a variety of infections, including CDI, will continue 
to be supported and encouraged by those in Saskatchewan. In 
the meantime, consideration was given to a surveillance design 
that would allow those cases that meet the case definitions and 
criteria for CNISP to be easily filtered from the provincial data.

Lab and admissions data that was believed to be readily 
accessible by ICPs had privacy restrictions that required 
special permissions at the Ministry level and top level support 
at the regional level. Consistent access to lab and admissions 
information is vital to the success of a surveillance program 
but is often a challenge to obtain due to valid privacy 
concerns or other technology issues. When designing a 
surveillance protocol that crosses jurisdictions, it is important 
to consider whether or not access is available to all who will be 
participating. The best surveillance programs must have input 
by those who are collecting the data and those who will be 
making use of the collated information.

Finally, it takes a great deal of time and effort for staff to 
collect this type of surveillance data. It is vitally important that 
the information obtained is evaluated frequently to determine if 
it is useful for making improvements to patient outcomes.  

Results from the first half of the 2016-17 surveillance year 
indicate that one-third of the patients being diagnosed with 
HA-CDI in Saskatchewan are having symptom onset in the 
community and these would not have been captured using the 
previous version of the provincial CDI surveillance protocol. 
Information gathered from this expanded surveillance is being 
used to develop improved management guidelines and inform 
additional antimicrobial stewardship initiatives.
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ABSTRACT

Background: Lipid emulsion (LE) may increase the occurrence of central line infections (CLI). We hypothesized that saline flush after the administration of LE (SFLE) may 
decrease bacterial contamination of catheters and reduce the risk of CLI.

Methods: To evaluate the effectiveness of SFLE in reducing the risk of CLI, we conducted a retrospective two-year case-control study that included all patients who 
received LE via a central venous catheter (CVC). Patients who were administered LE without SFLE between 1 February 2014 and 31 January 2015 (non-SFLE group), 
and patients who were administered SFLE between 1 February 2015 and 31 January 2016 (SFLE group) were studied. CLI was defined to include catheter-related local 
infection (CRLI) and central line-associated blood stream infections. 

Results: The non-SFLE and SFLE groups included 58 cases (52 patients) and 52 cases (45 patients), respectively. CVCs were inserted for a total of 2,757 and 1,715 
catheter days in the non-SFLE and SFLE groups, respectively. We observed 17 and 9 cases of CLI in the non-SFLE and SFLE groups, respectively, a rate of 5.8 and 5.2 per 
1000 catheter days in each group. In multivariate logistic regression analyses, SFLE was associated with a decreased risk of CLI (odds ratio, 0.33, 95% confidence interval, 
0.11–0.89). 

Conclusion: Our results suggest that SFLE may decrease the risk of CLI.

KEY WORDS

Saline flush, lipid emulsion, central venous catheter, catheter-related infections
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INTRODUCTION
Lipid emulsion (LE) infusion administered more than twice weekly 
is associated with central line-associated blood stream infections 
(CLABSI) in patients receiving home parenteral nutrition (1). 
Additionally, some studies have suggested that LE infusion is a risk 
factor for coagulase-negative staphylococcal bacteremia in very 
low birth weight newborns (2) and Malassezia furfur fungemia 

in infants (3). Battistella et al (4) showed that LE infusions during 
the early post-injury period increased susceptibility to infection, 
prolonged pulmonary failure, and delayed recovery in critically 
injured patients. These results suggest that LE may be associated 
with an increased risk for central line infections (CLI). Freeman et 
al (5) showed that catheters can be colonized within 24-48 h after 
insertion, and when nutrient-rich growth mediums, such as lipids, 
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are infused through the colonized catheter, only a few hours of 
rapid growth are required for the numbers of coagulase-negative 
staphylococci to reach levels sufficient for bloodstream invasion. 

We hypothesized that saline flush after the administration of 
LE (SFLE) may decrease the bacterial contamination of central 
venous catheters (CVC) and reduce the risk of CLI. However, 
no studies have examined this method for reducing the risk of 
infection in CVCs following LE infusion. Therefore, this study 
aimed to clarify the relationship between SFLE and CLI in 
inpatients receiving LE infusion. 

MATERIALS AND METHODS
This two-year case-control study included all patients who 
received LE via CVC in Kaetsu Hospital (Niigata, Japan), a 

261-bed hospital with six wards, between 1 February 2014 
and 31 January 2016. SFLE was started from 1 February 
2015. Patients were administered LE without SFLE between 1 
February 2014 and 31 January 2015 (non-SFLE group), while 
patients were administered SFLE between 1 February 2015 
and 31 January 2016 (SFLE group) for improved experimental 
quality. The records of patients from these two groups were 
reviewed. This study and its protocol were approved by the 
Ethics Committee of Kaetsu Hospital.

The demographic and clinical characteristics of the patients 
were reviewed and recorded (Table 1). The frequency of LE 
administration was calculated as the duration of LE administration 
divided by the duration of catheter insertion. We excluded 
patients who were administered LE within three days of CVC 

Continuous variables were reported as means and standard deviation; and categorical variables, as frequency and percentage.

Frequency of LE administration was calculated as duration of LE administration divided by the duration of catheter insertion.

In 2 patients, the body weight measurements were not available (1 patient from the non-SFLE group and SFLE group each).

CLI, central line infections; LE, lipid emulsion; PN, parenteral nutrition; SD, standard deviation SFLE, saline flush after the 
administration of lipid emulsion.

Non-SFLE (n = 58) SFLE (n = 52)

Diagnosis, n (%)

  Respiratory disease 18 (31) 15 (22)

  Gastrointestinal disease 13 (22) 16 (24)

  Central nervous system disease 13 (22) 13 (19)

  Cardiovascular disease 14 (24) 5 (7)

  Other disease 0 (0) 3 (4)

Age, y (SD) 82 (8) 79 (15)

Body weight, kg (SD) 42 (12) 41 (12)

Insertion site, n (%)

  Subclavian 3 (5) 0 (0)

  Internal jugular 11 (19) 21 (40)

  Femoral 44 (76) 31 (60)

Duration of catheter insertion, day (SD) 48 (46) 33 (32)

Multi-lumen catheter, n yes (%) 3 (5) 4 (8)

Use of maximal sterile barrier precautions, n yes (%) 55 (95) 48 (92)

Use of alcohol-based hand rub, L/1000 patients (SD) 8 (2) 9 (3)

Administration of PN, n yes (%) 52 (90) 51 (98)

Duration of PN administration, day (SD) 35 (43) 24 (30)

Duration of LE administration, day (SD) 30 (24) 24 (30)

Frequency of LE administration, times (SD) 0.8 (0.4) 0.7 (0.3)

Development of CLI, n (%) 16 (28) 9 (17)

Number of CLI per 1000 catheter days 5.8 5.2

TABLE 1: Case characteristics: administration of lipid emulsion via CVC
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insertion or received another LE preparation (e.g., propofol, 
flurbiprofen, or alprostadil), had subcutaneous ports, had the 
catheter removed for at least two days, or did not undergo 
catheter removal (continued CVC for home parenteral nutrition 
or transfer to another hospital). In addition, we excluded 
the episodes of CLI after the second CLI during a single 
hospitalization, since there were several patients who experienced 
repeated CLI. Moreover, in the non-SFLE group, we excluded 
patients who had the catheter removed after starting SFLE.

The insertion site was decided by the physician. 
Ultrasonography was occasionally used to guide the insertion, 
based on the physicians’ discretion. The skin at the insertion 
site was disinfected with 1% chlorhexidine in 70% alcohol. 
After CVC insertion, the area surrounding the catheter was 
cleaned, and an occlusive dressing was applied covering the 
site. The insertion area was examined daily for the presence of 
any abnormality by the nurse assigned to the patient. Catheter 
dressings were changed every seven days or sooner at the 
discretion of the nurse caring for the patient if the dressing 
was contaminated (this is the standard duration in Japan). The 
insertion area was disinfected with 1% chlorhexidine in 70% 
alcohol every time the catheter dressing was changed. The 
connecting lines using an in-line filter were changed every seven 
days. The decision to remove the catheter was made by the 
patient’s physician. Catheters were removed when they were 
no longer needed; other reasons for catheter removal included 
occurrence of complications, accidental removal, or death. No 
antibiotic cream or lotion was applied around the insertion area. 
The catheters were not antimicrobial-coated. Removed catheter 
tips were not routinely cultured. For LE infusion, 100–250 
mL/day of 20% LE was administered for 3–6 h piggybacked 
through the CVC line below the in-line filter. The line for LE was 
removed after administration was completed. The SFLE protocol 
was started on 1 February 2015. After the LE line was removed, 
the CVC line was flushed using 10 mL of saline.

CLI was defined as CRLI or CLABSI. CRLI was defined 
as the presence of any sign of local infection (induration, 
erythema, heat, pain, or purulent drainage). CLABSI was 
defined as a positive blood culture obtained from a peripheral 
vein and presence of signs of a systemic infection (fever, chills, 
and/or hypotension), with no apparent source of bacteremia 
except the catheter (6). 

The statistical software JMP9 (SAS Institute Inc., Cary, 
NC) was used for all statistical analyses. Continuous 
variables were reported as means and standard deviation, 
and categorical variables were recorded as frequency 
and percentage. Multivariate modeling was performed 
using logistic regression with a stepwise backward-forward 
selection (p < 0.25) procedure to identify the independent 
factors associated with CLI. For multivariate analysis, SFLE, 
age, sex, body weight, duration of catheter insertion, femoral 
CVC insertion, use of maximal sterile barrier precautions, 
use of a multi-lumen catheter, use of alcohol-based 
handrub during the month of CVC insertion in the ward, 
administration of PN, and frequency of LE administration 
were included as variables. Odds ratios (ORs) and 95% 
confidence intervals (95% CIs) were calculated. P < 0.05 
was considered statistically significant.

RESULTS
The study included 96 patients (58% men), aged 22-98 years 
(median, 83 years) and with body weight ranging from 25 to 
97 kg (median, 39 kg). A total of 110 cases (96 patients) who 
received LE via CVC were included in this study. Subsequently, 
53 cases were excluded from the study, including 20 cases 
that received LE within 3 days of CVC insertion, 18 cases that 
received another LE preparation (15 and 3 cases who were 
administered flurbiprofen and alprostadil, respectively), five 
cases that experienced repeat CLI after the occurrence of a 
second CLI during a single hospitalization, one case wherein 
the catheter was not removed due to transfer to another 
hospital, and nine cases in the non-SFLE group that had the 
catheter removed after starting SFLE. No patients received 
the insertion of a tunneled catheter, subcutaneous port, or a 
peripherally inserted central catheter.

Case profiles are shown in Table 1. The non-SFLE and 
SFLE groups included 58 cases (52 patients) and 52 cases (45 
patients), respectively. One patient was included in both the 
non-SFLE and the SFLE groups, and happened to be present 
in both periods of the study. CVSs were inserted for a total 
of 2,757 and 1,715 catheter days in the non-SFLE and SFLE 
groups, respectively. We observed 16 and nine cases of CLI in 
the non-SFLE and SFLE groups, respectively, and a rate of 5.8 
and 5.2 per 1000 catheter days in each group. 

Non-SFLE SFLE

Staphylococcus epidermidis 3 2

Staphylococcus aureus 1 2

Serratia marcescens 0 1

TABLE 2: Microorganisms isolated from blood culture

In the non-SFLE group, all strains of Staphylococcus epidermidis 
and Staphylococcus aureus showed methicillin resistance. 

In the SFLE group, 1 strain of Staphylococcus epidermidis and 
Staphylococcus aureus each showed methicillin resistance. 

SFLE, saline flush after the administration of lipid emulsion.

Odds ratio OR (95% CI) P

Non-SFLE 1.00

SFLE 0.33 0.11–0.89 0.03

Sex: female 1.00

Sex: male 5.21 1.73–19.15 < 0.01

TABLE 3: Multivariate logistic regression analyses of factors 
associated with CLI

CI, confidence interval; OR, odds ratio; SFLE, saline flush after 
the administration of lipid emulsion.
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The microorganisms isolated from blood cultures are 
shown in Table 2. In the non-SFLE group, we observed 
four microorganisms, including three methicillin-resistant 
Staphylococcus epidermidis and one methicillin-resistant 
Staphylococcus aureus. In the SFLE group, we observed five 
microorganisms, including two strains of Staphylococcus 
epidermidis and Staphylococcus aureus each (of which one 
strain each showed methicillin resistance) and one strain of 
Serratia marcescens.

The results of multivariate logistic regression analyses of 
the factors associated with CLI are shown in Table 3. SFLE was 
associated with a decreased risk of CLI (OR, 0.33, 95% CI, 0.11-
0.89). Additionally, male sex was associated with an increased 
risk of CLI (OR, 5.21, 95% CI, 1.73-19.15).

DISCUSSION
In this study, the rate of CLI decreased from 5.8 to 5.2 per 
1000 catheter days after starting SFLE, and the use of SFLE was 
associated with a decreased risk of CLI in multivariate analyses. 
No study has previously reported the usefulness of SFLE in 
preventing CLI. Freeman et al (5) showed that catheters can 
be colonized within a few hours following LE administration. 
We considered that SFLE may clean the catheter following LE 
infusion and prevent bacterial colonization. 

In some studies, CLI (including CRLI and CLABSI) occurred 
at a rate of 8-9 per 1000 catheter days for CVCs (6,7). The rate 
of CLI in our study was lower. We observed four and five strains 
of microorganisms isolated from blood cultures in the non-
SFLE and SFLE groups, respectively. Staphylococcus epidermidis 
strains were the most common in both groups. These findings 
are similar to those of previous studies (7,8). 

Femoral access was the most common site for CVC insertion 
in our study (60-70%). Because many patients were elderly and/
or had dementia, femoral access was used to prevent accidental 
removal. Youn et al7 showed that 5-10% of CVCs were inserted 
through femoral access; among patients admitted to intensive 
care units, femoral access has been associated with a greater 
risk of infectious and thrombotic complications than subclavian 
catheterization (8). 

Male sex was associated with an increased risk of CLI in 
multivariate analyses. Moro et al (9) showed that the risk of 
skin colonization was higher among males, probably due to 
the presence of facial hair, which facilitates the multiplication 
of microorganisms. However, since femoral access was the 
most common site of CVC insertion in our study, the presence 
of facial hair may not be related to the increased risk of CLI 
observed in males. 

Our study has some limitations. First, it used a retrospective 
design and had a small sample size. Second, the insertion sites 
were not randomly assigned. Third, femoral access for CVC 
insertion was the most common, in contrast to previous reports.

CONCLUSIONS
Overall, our results suggest that the administration of SFLE instead 
of LE infusion alone may decrease the risk of CLI. However, 
further prospective studies are needed to confirm these findings.
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ABSTRACT

Background: While some elective neurosurgery operations, such as craniotomy, cerebrospinal fluid shunting procedures and intrathecal pumps, have clear 
recommendations for antimicrobial prophylaxis (AMP), no comprehensive recommendations exist for transsphenoidal surgery (TSS). The aim of this study was to compare 
the efficacy and cost of three different AMP drugs in TSS. 

Method: A retrospective analysis of the clinical records of patients who underwent pituitary surgery between January 2012 and February 2016 was performed. TSS 
was performed via endonasal microsurgical approach. Patients were classified into three groups according to AMP regimen received. The cost analysis per patient was 
calculated in United States dollars.

Results: We identified a total of 126 patients who underwent TSS. Of these, 32 (25.3%) received chemoprophylaxis with cefazolin, 50 (39.6%) with ceftriaxone, and 44 
(34.9%) with fucidic acid drops. There were no cases of peri- or post-operative meningitis or any other procedure-associated infections in these patients. Cost-comparison 
of the three AMP regimens showed that cefazolin was more expensive than ceftriaxone and fusidic acid regimens.

Conclusion: Three compared AMP drugs for TSS were found similarly effective with no reported infectious complication. The requirement of AMP for TSS is still 
controversial at hospitals where the infection rate is very low and the majority of infections are treatable.
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transsphenoidal surgery, antimicrobial prophylaxis, pituitary
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INTRODUCTION
The prevention of surgical site infections (SSIs) is an important 
public health concern. In order to reduce surgical complications, 
the Surgical Care Improvement Project (SCIP) in our hospital 
adopted the timely administration of prophylactic antibiotics 
as one of the important quality improvement measures (1-3). 
The key concepts of antibiotic prophylaxis are represented 
by selection, timing, duration and route of antimicrobials 
administration depending on the type of surgical procedure 
(1, 3, 4). The neurosurgery operations of elective craniotomy, 

cerebrospinal fluid shunting procedures and intrathecal pumps 
already have well-established guidelines for perioperative 
administration of prophylactic antibiotics (5-7). However, there 
are no comprehensive recommendations for transsphenoidal 
surgery (TSS). Previous studies reported low incidence of 
meningitis and sinusitis after TSS with different antimicrobial 
prophylaxis (AMP) regimens (2, 3, 8, 9). A comparative study 
was needed to determine appropriate procedure-specific AMP 
options. We conducted a study comparing the efficacy and cost 
of three different TSS AMP regimens. 
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METHODS 
Setting
This study was conducted in the neurosurgery unit of Erciyes 
University Hospital, a tertiary acute care hospital with 1,300 
beds. The division of neurosurgery consists of a 49-bed unit and 
a separate 13-bed intensive care unit.  

Definitions
SSI was defined as an infection related to an operative procedure 
that occurs at or near the surgical incision within 30 days of the 
procedure or within 90 days if prosthetic material is implanted at 
surgery. SSI was classified as superficial incisional, deep incisional 
and organ/space SSI according to the revised CDC criteria (10). 

Study
A retrospective analysis of the clinical records of patients (aged 
>18 years) who underwent pituitary surgery between January 
2012 and February 2016 was performed. Patients operated upon 
by a single experienced neurosurgeon team (Author 1 and 5) 
were included into the study. TSS was performed via endonasal 
microsurgical approach according to the standard guidelines for 
the procedure. Patients who were receiving antimicrobial therapy 
in the preoperative period and who had a complication of large 
cerebrospinal fluid leakage were excluded from the analysis. 
Procedures and materials for preparation of the surgical site 
remained unchanged for all patients (povidone iodine solution for 
preparation of nose and nasal cavities).

Patients were classified into three groups according to the 
AMP regimen they received. Group 1 included patients who 
received chemoprophylaxis with 2g IV cefazolin (30 min. before 
surgery); Group 2 received a single dose of 1g IV ceftriaxone (30 
min before surgery); and Group 3 received fusidic acid 1% drops 
(intranasal, two times daily for three days). Patients were evaluated 
for the development of SSIs by means of hospital and post-
discharge surveillance for 30 postoperative days. The cost analysis 
per patient was calculated in constant 2016 US dollars. Patients 
were excluded from the analysis if they had a known allergy to 
antibiotics in the study group. The study was approved by the 
Research Ethics Committee of Erciyes University (2016/299).

RESULTS
A total of 126 patients who underwent TSS were included in this 
study. The mean age of the patients was 44.8 years (28-60), with 
68 (54 %) of the patients being females. Of the 126 patients, 32 
(25.3%) received chemoprophylaxis with cefazolin, 50 (39.6%) 
ceftriaxone, and 44 (34.9%) fucidic acid drops. Demographic 
and clinical characteristic of patients are presented in Table 1. 
The types of the lesions operated upon, surgical site preparation 
procedures, and the average duration of surgeries – the main 
risk factors for SSIs – were found similar among the groups.

There were no statistically significant differences between the 
three groups with respect to patients’ demographic and clinical 
characteristics. No cases of peri- or post-operative meningitis, 
or any other SSI were noted in either group. Cost-comparison 
of the three AMP regimens showed that ceftriaxone and fusidic 
acid regimens were more cost-effective compared to cefazolin.

DISCUSSION
Globally, incidence of SSIs has been on decline due to the 
developments in surgical antisepsis methods. However, 
SSIs still remain one of the most important causes of 
hospital-acquired infections, accounting for about 30% of 
them (11). Such infections extend the length of hospital 
stay, increase the rates of morbidity and mortality, and 
contribute significantly to the costs of healthcare (3, 12). 
The efficacy of AMP in reducing SSI has been shown with 
previous studies (1, 6, 13). But even though multiple 
guidelines on AMP have been published so far, clinical 
practices vary significantly among countries (13-16).

TSS is a relatively safe procedure and infectious 
complications are rare. In a previous survey, including 958 
surgeons of different experience, the rate of post-operative 
meningitis was reported at 1.5%, and sinusitis at 8.5% (9). 
More recent studies have found infections rates to be even 
lower (2). That said, there is no single, agreed upon AMP 
regimen for TSS that would specify the timing, choice of 
prophylactic agent, and duration of AMP (6, 17, 18). Passing 
through the sphenoidal sinus, the surgery may be considered 
as clean contaminated and so would be eligible for AMP (19). 

Cefazolin is an AMP agent of choice for craniotomy 
due to its good safety profile and favorable duration of 
action. However, its appropriateness for TSS is not as well 
documented. Previous studies described various dosages and 
durations, and reported that infectious complications were 
extremely low (2, 4). On the other hand, cefazolin does not 
penetrate the cerebrospinal fluid (CSF) well. It was also found 
to be costlier than comparative agents in our study. 

CSF-penetrating third-generation cephalosporins were 
found similarly effective in endonasal surgeries for pituitary 
tumors (2, 8, 20). Ceftriaxone is a broad spectrum antibiotic 
with its long serum half-life and excellent penetration into 
CSF. It was the cheapest alternative AMP agent with an added 
advantage of a single dose administration. However, in the 
absence of a large cerebrospinal fluid leak the need for such 
a broad spectrum agent is controversial.

Topical applications (polymyxin, tetracycline) may be a 
“non-invasive” option for AMP in TSS (2). The role of intranasal 
antibiotics on healing the nasal mucosa and their safety and 
bioavailability, compared to systemic antibiotics, is unknown. 
These drugs have an advantage of being administered by 
patient at home. Fusidic acid has good in vitro activity against 
staphylococci, including both methicillin sensitive and resistant 
strains. It also has useful activity against Neisseria spp, Bordetella 
pertussis, Corynebacterium spp and some Gram positive 
anaerobes. Single dose oral fusidic acid was previously found 
effective in neurosurgery in a randomized placebo-controlled 
trial (21). In this study, intranasal use of fusidic acid drops was 
found as effective as comparatives. However, difficulties in 
adherence may be a factor for patients receiving AMP at home. 

Few study limitations need to be mentioned. Our 
study is limited by its retrospective design and is under-
powered. Since meningitis is a rare event, for the study to 
be sufficiently powered, a much larger sample size would 
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be required. As well, it must be noted that TSS performed 
via endonasal microsurgical approach is a procedure requiring 
extensive experience. Our hospital is the reference center for 
this type of surgery, with over 50 operations performed annually 
by a single experienced team.

In conclusion, the three AMP regimens compared in this 
study were found similarly effective with no reported infectious 
complication. With antimicrobial efficacy being similar, cost and 
ease of administration favor ceftriaxone as the agent of choice. 
The disadvantage, of course, is the broad-spectrum activity 
of ceftriaxone that may contribute to the growing antibiotic 
resistance. Further studies with placebo controls for select cases 
without large cerebrospinal fluid leaks may be needed to examine 
the perspectives of performing TSS without AMP altogether.
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Group 1
n=32 (%)

Group2
n=50 (%)

Group 3
n=44 (%) p

Mean age ± SD 43.3±13.1 45.9±12.4 44.6±16.0 0.702

Male gender 16 (50.0) 26 (52.0) 16 (36.4) 0.276

Median length of preoperative hospital stay  
(days, range)

2 (1-15) 2 (0-8) 2 (0-7) 0.973

Median length of hospital stay  (days, range) 6 (2-35) 6 (3-13) 6 (2-17) 0.444

Primary diagnosis 0.572

Acromegaly 9 (28.0) 17 (34.7) 16 (36.4)

Prolactinoma 3 (8.0) 4 (8.2) 3 (6.8)

Cushing’s syndrome 4 (12.0) 9 (18.4) 4 (9.1)

Non-functioning pituitary tumors 16 (52.0) 19 (36.7) 16 (36.4)

Ratke’s cleft 0 (0.0) 1 (2.0) 4 (9.1)

Chordoma 0 (0.0) 0 (0.0) 1 (2.3)

Underlying diseases

Diabetes mellitus 6 (18.8) 9 (18.0) 10 (22.7) 0.835

COPD 1 (3.1) 3 (6.0) 0 (0.0) 0.305

Hypertension 5 (15.6) 11 (22.0) 12 (27.3) 0.501

Heart failure 0 (0.0) 1 (2.0) 1 (2.3) 1.000

Renal failure 0 (0.0) 1 (2.0) 0 (0.0) 1.000

Use of  COSs 4 (12.5) 9 (18.0) 11 (25.0) 0.370

Obesity 1 (3.1) 5 (10.0) 2 (4.5) 0.463

Smoking 4 (12.5) 8 (16.0) 2 (4.5) 0.217

Cost (per patient USD) 4.10 3.73 3.20 -

Infection rate 0/32 (0.0) 0/50 (0.0) 0/44 (0.0) -

TABLE 1: Comparison of demographics, clinical features of patients who underwent TSS and per patient cost  
of three different AMP protocols

(SD: Standart deviation, COPD: Chronic obstructive pulmonary disease, COS: corticosteroid)

Group 1: Cefazolin (two doses, 30 min. before surgery)

Group 2: Ceftriaxone (one dose, 30 min before operation)

Group 3: Fucidic acid 1 % drops (intranasal, two times daily for three days)
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interested in the prevention and control 

of infections in all healthcare settings

FOR MORE INFORMATION:
IPAC Canada

Telephone: 1-866-999-7111

Email: info@ipac-canada.org

www.ipac-canada.org

REGISTRATION:
Will commence December 2016

See www.ipac-canada.org  

for program information

EDUCATION HIGHLIGHTS:
• Leading the Way in Hand Hygiene

• Medical Device Reprocessing Basics

• Why Hospitals Should Fly

• Exploring IPAC’s Relationship with Germs

• Panel: Routine Practices vs Contact Precautions

• Using Storytelling in IPAC

• Engaged Teaching and Learning: Facilitating Effective Discussion

Specialists in soiled utility room solutions

DDC Dolphin Canada Inc.
Tel: 604 512 8848 | Email: canada@ddcdolphin.com

www.ddcdolphin.com

Does your facility struggle with outbreaks of HCAI’s?

human waste management

Our range of Pulpmatic pulp macerators:- 

 Reduce the risk of contamination using hands free technology

 Feature antimicrobial surfaces to eliminate growth of harmful bacteria

 Incorporate anti-blockage systems to ensure complete waste removal
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Handle Hygiene,  
keeps door handles clean. 
No matter who touched it last.

Handle Hygiene is an easy-to-install, automatic 

disinfectant dispenser system suitable for most types 

of door handles.

Every time a door is used, the system delivers a 

disinfectant mist upon the handle, sanitizing it after 

each opening. 

The system significantly reduces the risks of  

cross-contamination, by inactivating 99.9% of common 

viruses and bacteria, including MRSA.

Contact SciCan today and we will help you determine  

the optimal deployment of Handle Hygiene in your hospital’s  

high risks and high traffic areas. 

Toll Free: 1-800-667-7733 

www.scicanmedical.ca/HANDLEHYGIENE

 Does not contain any kind of pressurized gas

 Specific maintenance not required

 Batteries not required
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Manufactured by: Clever Hygiene Solutions Ltd. 95 Ranelagh Village, Dublin. D06 V1W5 

http://www.scicanmedical.ca/HANDLEHYGIENE


CaviCide1™ and CaviWipes1™ are the only low alcohol  
surface disinfectants with a 1 minute contact time.

· Kills all product labeled organisms in 1 minute, including Norovirus

· Allows for faster room turnover

· Same formulation in a spray and a wipe

Go to www.metrex.com/CJIC to learn  
more about CaviWipes1™ and CaviCide1™.

Be more than vigilant. 
Be preventive.
Defend against HAIs with 
CaviWipes1™ and CaviCide1™ 
from Metrex™.

Protecting People

©2017 Metrex Research. All rights reserved.  Metrex, CaviWipes1, CaviCide1, EmPower, VioNex, VioNexus, Googles and MetriCide are trademarks of Metrex Research, LLC. 
MKT-17-0043

http://www.metrex.com/CJIC


©2016 Ecolab USA Inc. All rights reserved.  

The Nexa™ Point-of-Care Holder is part of the 
Ecolab hand hygiene program, designed to support 
your goals with best-in-class products, innovative 
dispensing options, staff training materials and 
personalized service.

Secure to nurse, dialysis, 
anesthesiology and 

phlebotomy stations or carts 

Position on the wall, 
bed side table or 

even the workstation 

Attaches to tray tables, 
bed rails or at 

the end of the bed

Quik-Care™ 
Nourishing Foam* (535 mL)

Revitalizing Skin Lotion
Fragrance Free (540 mL)

Nexa™ Point-of-Care Holder

PROMOTE COMPLIANCE. 
HAND HYGIENE AVAILABLE WHERE YOU NEED IT MOST. 

Contact your Ecolab Healthcare Account Executive  
at 1 800.352.5326 or visit ecolab.com/healthcare.

Now available

http://www.ecolab.com/healthcare


FASTER
INSTALL OR REPLACE YOUR CUBICLE
CURTAINS IN LESS THAN 2 MINUTES!

INFECTION PREVENTION
THE REGULAR EXCHANGE OF CUBICLE CURTAINS 
FACILITATED BY EASY REMOVAL/INSTALLATION
PUTS INFECTION CONTROL IN YOUR CONTROL!

GREATER SAVINGS
SAVE ON MAN-HOURS, WORKERS’ COMPENSATION 
CLAIMS AND REDUCE HOSPITAL  ACQUIRED 
INFECTIONS (HAI’S). 

CHECK OUT DEMO VIDEOS &
MORE IN DEPTH INFORMATION

WWW.MIPINC.COM/OTRT

http://www.mipinc.com/otrt


Making the choice simple

Call 1-844-TROPHON (1-844-876-7466) 

www.trophon.com/ca
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trophon® is now available directly from Nanosonics in
Canada (the inventor and manufacturer)

http://www.trophon.com/ca


Toll Free: 877.745.7277   www.processcleaningsolutions.com

®

HYPOCHLOROUS ACID
PCS SODIUM HYPOCHLORITE 

WITH NEUTRAL PH
Maximize mildness to skin.

Reduce chemical residues.

Improve cleaning performance.

Maximize antimicrobial properties.

Hypochlorous acid is a chemical that is 
normally produced in the human white blood 
cells in response to injury and infection. It 
is a chemical that is well studied and researched, 
it is regarded as a medical panacea as it is much 
more antiseptic than anything we have a t 
p r e s e n t .  I t s  w o u n d  h e a l i n g  c a p a b i l i t i e s 
a n d  b e n eficial effect on inflammation are also 
well known.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0

1 2 3 4 5 6 7 8 9 10

Hypochlorous acid (HOCI ) forms an equilibrium with 
sodium hypochlorite (OCI) in liquid solutions.

The figure below shows the effect pH has on the 
equilibrium. 

 

CI2

HOCI OCI

Below pH 2 the equilibrium favors chlorine. Between 
pH 2 and 7.4 hypochlorous acid predominates and 
above pH 7.4 hypochlorite predominates.

http://www.processcleaningsolutions.com


 www.stevens.ca   

HALIFAX
800-565-0765

MONTREAL
855-660-7750

TORONTO
800-268-0184

WINNIPEG
800-665-0368

CALGARY
800-665-0368

VANCOUVER
800-565-8444

“Where service is a commitment” | “Où le service est un engagement”

Contact Stevens for a  
Customized Solution TodayProud Partners of

BREAK THE CHAIN OF INFECTION

http://www.stevens.ca


PATHOGON™

 UV Antimicrobial System

By STERIS, the leader in  

Infection Protection.

Independent studies prove PATHOGON™ UV Antimicrobial 

System is effective against pathogens that can cause  

healthcare associated infections (HAI).

Start winning the fight against invisible infectious  

pathogens today with STERIS’s own PATHOGON UV  

Antimicrobial System.

Request a quote today  
at www.pathogon.com!

#7526.2015-04 ©2015 STERIS Corporation. All rights reserved.

STERIS Canada Inc. | Healthcare

375 Britannia Road East, Unit 2

Mississauga, ON L4Z 3E2 Canada

800 661 3937 

www.steris.com <http://www.steris.com>

Eliminates 99.999% of MRSA and VRE

 Eliminates 99.99% of C. diff spores

  Eliminates 99.999% of Viruses

http://www.pathogon.com
http://www.steris.com
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Maximize
Infection Prevention

ADVANTAGE PLUS™ PASS-THRU is a trademark of Medivators Inc. 
© 2017 Medivators Inc. P/N 50098-1437A     

Our Complete Circle of Protection portfolio is a full-value,
proactive partnership dedicated to helping mitigate risk 
and streamline operational efficiencies.
Visit Cantel Medical in Booths 34 & 35 at IPAC Canada to 
learn more about our innovative reprocessing technologies. 

with Advantage PLUS™ Pass-Thru
Automated Endoscope Reprocessor

http://www.medivators.com
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Is capturing 
ONLY .02% 
of hand hygiene 
opportunities 
enough?

To learn more call 800-321-9647 or visit GOJOCANADA.ca/SMARTLINK 

REQUEST A FREE TRIAL AT SMARTLINK@GOJO.COM
©2017. GOJO Industries, Inc. All rights reserved. #20685 (3/2017)

GOJO SMARTLINK™ Total Solutions
ACTIVITY MONITORING SYSTEM (AMS) 

• Accurately captures event & opportunity data at Moments 1 & 4, 
 as recommended by the Ministry of Health and Long Term Care
• Includes PURELL® Point of Care dispenser, allowing the system to 
 capture critical hand hygiene events at the time of patient care

CLINICIAN-BASED SUPPORT

• Expertise to help build and sustain hand hygiene improvement

SERVICE ALERTS

• Ensures product availability with dispenser 
 alerts for low refills, batteries and operation

IMPROVE THE QUALITY OF CARE
WITH MORE ACCURATE & ACTIONABLE DATA

A recent study in a Canadian 

Emergency Department using 

the SMARTLINK Activity 

Monitoring System, captured 

over 300,000 hand hygiene 

opportunities in one month, 

compared to only 60 through 

Direct Observation.1

1. Anne Bialachowski et al, “Electronic Hand Hygiene 
Monitoring in the Emergency Department: Charting New 
Territory,”  http://www.gojo.com/en-CA/Markets/Acute-Care/
Hand-Hygiene-Education/Technical-Publications

http://www.GOJOCanada.ca
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To learn more about Accel® disinfectant cleaners, call customer service at 1-800-668-7171.

 sealedair.comAHP and Design® are registered trademarks of Virox Technologies, Inc. used under license. 

Introducing Your New HAI Risk Reduction Team.

H E L P I N G  Y O U  A C H I E V E  T O T A L  D I S I N F E C T I O N

Procedures ValidationProducts

Fast, effective disinfectant wipes everyone can use on high touch surfaces.

Easy-to-use wipes for “grab-n-go” disinfection at point of care.

Bed rails/controls/surfaces Overbed tablesChairs/ furniture Bedside tables/phones

ACCELERATED
HYDROGEN PEROXIDE

Patented

INTERVentionTM Wipes clean and disinfect in one minute with no PPE required. 

Convenient, in-room dispensing means medical staff, visitors – even patients – 

can grab a wipe to help prevent the spread of pathogens like TB and norovirus. 

Fast, effective, responsible, sustainable – at the right time and place!   

http://www.sealedair.com
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www.debmed.com   |  888.DEB.SOAP

DebMed® is the healthcare division of Deb Group. In 2015, Deb Group was acquired by SC Johnson, a privately held, family  
company and one of the world’s leading manufacturers of household cleaning products, and products for home storage,  
air care, pest control and shoe care.     ©2017 Deb Group Ltd. All rights reserved.     DM123-032817C

Learn more at debmed.com 

The Hand Hygiene Compliance 
and Skin Care Experts

Full line of skin care products specifically formulated  
for healthcare

Electronic Hand Hygiene Compliance System clinically 
proven to improve compliance and reduce MRSA HAIs 
by 42%

A comprehensive range of best practice tools to enable
improved hand hygiene behaviour by hospital staff 

http://www.debmed.com
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Before you choose a human waste management 
solution call us 1-800-363-2381 or visit 
www.medprodefense.com

ZORBI is the ONLY human 
waste management system 
that’s      with a 
5 YEAR SHELF LIFE.
GUARANTEED!

WOULD YOU 
LEAVE THIS 
BEHIND FOR 
THE FUTURE? 

WOULD YOU 
LEAVE THIS 
BEHIND FOR 
THE FUTURE? 

http://www.medprodefense.com


Learn more about the Difference of One at bd.com/DO1-AMR

Come visit the BD booth at IPAC

1 Review on Antimicrobial Resistance. Tackling Drug-Resistant Infections Globally: Final Report and Recommendations. 2016.

© 2017 BD. BD and the BD Logo are trademarks of Becton, Dickinson and Company. MC7329

We also bring decades of firsthand experience collaborating 

across the public and private sectors to advance global health in 

areas such as childhood immunization, HIV & AIDS, tuberculosis, 

sepsis and healthcare-associated infections. The threat of AMR 

requires full engagement and partnership among all stakeholders, 

including patients, clinicians, government and nongovernment 

agencies, academic institutions and companies. Together, we 

must be the first and final line of defense.

ANTIMICROBIAL RESISTANCE THREATENS GLOBAL 

HEALTH, STABILITY AND ECONOMIC SECURITY. 

The rapid growth of antimicrobial resistance (AMR) transcends its 

devastating impact on human health. AMR is emerging among 

the world’s leading global security and economic threats, 

demanding the attention of world leaders. Based on current 

trends, AMR will cause an estimated 10 million deaths annually 

by 2050, surpassing the number of deaths caused by cancer.1 BD 

joins with industry and world leaders in calling for mobilization of 

a global, collaborative alliance to address the threat of AMR. We 

stand ready to support this vital effort with 120 years of expertise 

in advancing medical practice and an extensive portfolio of 

products and solutions that facilitate infection prevention and 

control, diagnosis, surveillance and reporting, including infections 

resistant to antimicrobial treatment.

Vincent A. Forlenza

Chairman of the Board, Chief Executive Officer and President
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