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Materials and methods: This was a before—after prospective active surveillance
study to determine the rates of CAUTI in 3183 patients hospitalized in 4 ICUS over
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approach; for Disease Control and Prevention and the National Healthcare Safety Network
Bundle (CDC/NHSN). During intervention, we implemented a multidimensional approach

that included: (1) a bundle of infection control interventions, (2) education, (3)
surveillance of CAUTI rates, (4) feedback on CAUTI rates, (5) process surveillance and
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(6) performance feedback. We used random effects Poisson regression to account for
the clustering of CAUTI rates across time.

Results: We recorded 8720 urinary catheter (UC)-days: 819 at baseline and 7901 dur-
ing intervention. The rate of CAUTI was 11.0 per 1000 UC-days at baseline and was
decreased by 76% to 2.66 per 1000 UC-days during intervention [rate ratio [RR], 0.24;
95% confidence interval [CI], 0.11—0.53; P-value, 0.0001].

Conclusions: Our multidimensional approach was associated with a significant reduc-
tion in the CAUTI rates in the ICU setting of a limited-resource country.

© 2013 King Saud Bin Abdulaziz University for Health Sciences. Published by Elsevier

Ltd. All rights reserved.

Introduction

Catheter-associated urinary tract infections
(CAUTIs) are among the most common device-
associated healthcare-acquired infections
(DA-HAIs) in intensive care units (ICUs) [1—3].
CAUTIs are responsible for prolonged hospital
lengths of stay, bacterial resistance, morbidity,
and increased healthcare costs [4,5]. Recently
published studies have shown divergence in terms
of the association of CAUTIs with excess mortality,
which is related to confounding by unmeasured
variables [4,6—38].

The incidence of CAUTI is frequently under-
estimated in most hospitals in limited-resource
countries, as in many cases; basic infection control
and surveillance programs cannot be systemati-
cally implemented [9]. In low-income countries,
the rates of CAUTI are 3—5 times higher than in
industrialized countries, as reported by the Inter-
national Nosocomial Infection Control Consortium
(INICC) in pooled studies [10], and specifically for
the Philippines [11].

The socio-economic level of a country was
reported to have an impact on DA-HAI rates in the
ICU settings of developing countries; DA-HAI rates
were shown to be higher in low-income countries
than in lower-middle- and upper-middle-income
countries [12,13]. With regard to a country’s socio-
economic level, in a study conducted in pediatric
ICUs, it was determined that lower-middle-income
countries had higher CAUTI rates than low-income
countries or upper-middle-income countries (5.9
vs. 0.6 CAUTIs per 1000 urinary catheter [UC]-days)
[13]. Unfortunately, other studies from develop-
ing countries that analyze this issue in adult ICUs
(AICUs) are not available.

The scientific literature from developed
countries has demonstrated the effectiveness of
infection control programs and practice bundles
for CAUTI prevention, including hand hygiene [14];
training on care, maintenance, and alternatives to
indwelling catheters [15]; education and training

on procedures for catheter insertion, management,
and removal; inserting urinary catheters only when
needed; removing them when not necessary [16];
and maintaining unobstructed urine flow, among
other interventions. These control measure are
practiced simultaneously with outcome surveil-
lance of CAUTI rates and their consequences,
process surveillance, feedback on CAUTI rates, and
performance feedback [17]. However, very little
was found in the literature on the implementation
of prevention strategies and programs in the
developing world [18].

The INICC was set up to support hospitals
in limited-resource countries in their surveil-
lance and implementation of programs to reduce
healthcare-associated infection rates. Hospitals
from limited-resource countries contact the INICC
to obtain forms and manuals with the neces-
sary guidance. In addition, the INICC also provides
administrative and scientific support to upload,
process, analyze, and create charts and tables with
the collected data.

With the aim of reducing high CAUTI rates
in the AICU setting in the Philippines [11], we
implemented a multidimensional infection con-
trol program from December 2005—2010 — which
included six specific interventions for CAUTI
prevention: (1) a bundle of infection control inter-
ventions, (2) education, (3) outcome surveillance,
(4) process surveillance, (5) feedback of CAUTI
rates, and (6) performance feedback of infection
control practices — in 4 AICUs of 2 hospitals from
2 cities in the Philippines. The implementation
of the INICC multidimensional program for CAUTI
prevention is based on the recommendations and
guidelines published by the Society for Health Care
Epidemiology of America (SHEA) and the Infectious
Diseases Society of America (IDSA) in 2008 [19].

Two reasons justify this study: the reduction of
CAUTI in a developing country and the analysis
of the particular effect of this novel multidimen-
sional approach with 6 simultaneous interventions
on CAUTI prevention in a limited-resource setting.
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Patients and methods

Setting and study design

This active, prospective before—after surveillance
study was conducted in 4 AICUs in 2 hospitals
that are members of the INICC in 2 cities in the
Philippines from December 2005—2010. The par-
ticipating ICUs had infection control teams (ICTs)
composed of infection control professionals (ICPs)
and a medical doctor with formal education and
a background in internal medicine, critical care,
infectious diseases, and/or hospital epidemiology.
The INICC headquarters’ team in Buenos Aires pro-
vided the ICTs with centralized education, data
analyses, and coordination functions. The Institu-
tional Review Board at each hospital approved the
study protocol.

The study was divided into baseline and inter-
vention periods.

Baseline period

The baseline period included only the outcome
surveillance and process surveillance.

The length of the baseline period was 3 months
for the following reasons:

1. This is the time frame needed to conduct the
following activities at INICC headquarters (HQs)
in Argentina on a monthly basis: receiving the
case report forms (CRFs) completed at all par-
ticipating ICUs from the Philippines; conducting
a validation process for the completed CRFs;
sending queries to participating ICUs; receiving
and analyzing the replies to queries; uploading
the CRF data to proprietary INICC software in
Argentina; analyzing the uploaded data; produc-
ing monthly reports containing charts and tables
with the results of outcome and process surveil-
lance; sending monthly reports to each ICU; and
presenting the monthly report of outcome and
process surveillance data to health care work-
ers (HCWs) working at the participating ICUs
in monthly infection control meetings, with the
aims of providing feedback on CAUTI rates and
consequences and performance feedback and
increasing awareness of CAUTIs to improve com-
pliance with infection control practices.

2. The sample size and the number of months of
data collection during the baseline period are
sufficient to compare with the sample size and
number of months of data collection during the
intervention period. From a statistical perspec-
tive, the issue is addressed by considering the
change in rates over time. The relatively short

baseline period may impact the standard error
of our estimates. However, we found that this
approach will not cause a bias in the results
because there are no systematic differences
between the two groups.

3. Our priority was to start intervention as early as
possible to achieve the desired results: chiefly,
the reduction of CAUTI rates and their related
consequences.

Intervention period

The intervention period was initiated after 3
months of participation in the INICC program.
Because this was a cohort study, each ICU enrolled
in the program at different times. Therefore, the
analysis on the impact of the INICC intervention
includes ICUs with different lengths of interven-
tion periods. The average length of the intervention
period was 27.9 months +18.2 (SD; range 10—61).

INICC multidimensional infection control
approach

The INICC multidimensional infection control
approach included the following items: (1) a bundle
of infection control interventions, (2) education,
(3) outcome surveillance, (4) process surveillance,
(5) feedback on CAUTI rates, and (6) performance
feedback on infection control practices.

Components of bundle for the prevention of
CAUTIs

The bundle consisted of the following interventions
[19]:

1. To perform hand hygiene (HH) before insertion
and manipulation of a UC.

2. To maintain unobstructed urine flow; i.e., UC on
thigh without strangulating.

3. To keep the collecting bag below the level of the
bladder at all times; i.e., UC with collecting bag
hanging and not allowing urine reflux.

4. To empty the collecting bag regularly and to
avoid allowing the draining spigot to touch the
collecting container.

5. To monitor CAUTIs using standardized criteria to
identify patients with CAUTIs and to collect UC-
days as denominators.

Because of budget limitations, some other effec-
tive interventions were discussed but not fully
applied or their performance was not surveyed [19]:

1. Appropriate management of indwelling cathe-
ters: to properly secure indwelling catheters
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to prevent movement; to maintain a ster-
ile, continuously closed drainage system; to
avoid disconnecting the catheter and drainage
tube; and to replace the collecting system by
aseptic techniques and after disinfecting the
catheter-tubing junction when breaks in aseptic
technique, disconnection, or leakage occur.

2. Insertion of UCs only when needed and removal
when unnecessary.

3. Use of indwelling urethral catheters for the
perioperative period and for selected surgical
procedures; urine output monitoring in critically
ill patients; management of acute urinary reten-
tion and urinary obstruction; and assistance in
pressure ulcer healing for incontinent residents.

4. Consideration of other methods for manage-
ment, including condom catheters or in-and-out
catheterization, when appropriate.

5. Use of as small a catheter as possible.

6. Use of gloves, a drape, and sponges; a sterile
or antiseptic solution for cleaning the urethral
meatus; and a single-use packet of sterile lubri-
cant jelly for insertion.

7. Use of aseptic technique and sterile equipment
for insertion.

8. Cleaning of the meatal area as part of routine
hygiene.

Education

On a monthly basis, education and training
sessions were provided to HCWs on insertion,
care, maintenance, alternatives to indwelling
catheters, procedures for catheter insertion, man-
agement, insertion, and removal. Training for
CAUTI prevention was based on the SHEA and IDSA
guidelines [19].

INICC surveillance methods

The INICC Surveillance Program included two
components: outcome surveillance (DA-HAI rates
and their adverse effects, including mortality
rates) and process surveillance (adherence to hand
hygiene and other basic preventive infection con-
trol practices) [20].

Investigators were required to complete outcome
and process surveillance forms at their hospitals,
which were then sent monthly for analysis to the
INICC headquarters office in Buenos Aires.

Outcome surveillance

For outcome surveillance, the ICTs applied the
definitions for healthcare-associated infections
(HAIs) developed by the US Centers for Disease

Control and Prevention (CDC) for the National
Healthcare Safety Network (NHSN) program [21].
Outcome Surveillance included CAUTI rates per
1000 UC-days, use of invasive devices (central
line, mechanical ventilator, and UC), severity ill-
ness score, underlying diseases, use of antibiotics,
cultures taken, microorganism profile, bacterial
resistance, length of stay, and mortality in the
participating ICUs [20].

Additionally, INICC methods were adapted to the
limited-resource setting of developing countries
due to their different socioeconomic status [20].
The ASIS score was used instead of the APACHE
Il score due to budget limitations of participating
ICUs from this limited-resource country. Thus, we
decided to use the ASIS score, as historically used
by the CDC National Nosocomial Infections Surveil-
lance (NNIS) [22].

Definition of CAUTI

For the purposes of this study, CAUTI was diag-
nosed if the patient met one of two criteria. The
first criterion was satisfied when a patient with
a urinary catheter had one or more of the fol-
lowing symptoms with no other recognized cause:
fever (temperature >38°C), urgency, or suprapubic
tenderness. The urine culture was positive for 10°
colony-forming units (CFU) per mL or more, with no
more than two microorganisms isolated. The sec-
ond criterion was satisfied when a patient with a
urinary catheter had at least two of the following
criteria with no other recognized cause: positive
dipstick analysis for leukocyte esterase or nitrate
and pyuria (>10leukocytes/mL) [21].

Process surveillance

Process surveillance was designed to assess compli-
ance with easily measurable key infection control
practices, such as surveillance of compliance rates
for hand hygiene practices and specific measures
for CAUTI prevention. Although HCWs knew that
HH practices were to be regularly monitored,
they were not aware of the precise schedule and
moment in which the observations were occurring
[20].

Hand hygiene compliance

HH compliance by HCWs was determined by mea-
suring the frequency of HH compliance when clearly
indicated by guidelines. HH practices were mon-
itored by the ICP during randomly selected 1-h
direct observation periods, 3 times a week. The
ICPs recorded HH opportunities and compliance on
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a form specifically designed for the study, which
listed the ‘‘Five Moments for Hand Hygiene’’ as rec-
ommended by the World Health Organization [23].

Data on compliance with UC care bundle
interventions

UC care compliance was monitored once a day, 5
days a week. The observer supervised and recorded
how the infection control interventions included
in the bundle were performed by HCWs; that is,
UC on thigh without strangulating, UC with col-
lecting bag hanging, and not allowing urine reflux.
For this purpose, the forms for UC care monitor-
ing included information such as date, number of
inserted catheters, number of catheters over thigh,
and number of bags hanging. The observer checked
whether the urine collecting bag was hanging on the
side of the patient, on the contaminated floor, or
elsewhere, if the bag position allowed reflux, and
if the catheter was placed on or under the patient’s
thigh.

Feedback on DA-HAI rates and performance

Every month, the INICC research team at INICC
headquarters in Buenos Aires prepared and sent to
each ICT a final report on the results of the outcome
and process surveillance data sent by investigators
at each hospital, i.e., monthly DA-HAI rates, length
of stay, bacterial profile and resistance, mortality,
compliance with HH and with care of the UC [20].

Feedback on DA-HAI rates and performance
feedback were provided to the HCWs working in
the AICU by communicating patient outcomes and
the assessment of the practices they routinely per-
formed. The resulting rates were reviewed by the
ICT at monthly meetings, where charts were ana-
lyzed. Statistical graphs and visuals were displayed
in prominent locations inside the ICU to provide
an overview of rates of DA-HAIs and rates mea-
suring compliance with infection control practices.
This infection control tool is important for increas-
ing HCW awareness of patient outcomes at ICUs,
enabling the ICT and ICU staff to focus on the nec-
essary issues and to apply specific strategies for
the improvement of low compliance rates and the
reduction of high DA-HAI rates.

Statistical methods

Patients’ characteristics at baseline and during
the last 3 months of the intervention period in
each AICU were compared using Fisher’s exact
test for dichotomous variables and unmatched Stu-
dent’s t-test for continuous variables. The 95%
confidence intervals (Cls) were calculated using

VCStat (Castiglia, Buenos Aires, Argentina). Rela-
tive risk (RR) ratios with 95% Cls were calculated
for comparisons of CAUTI rates using EPI Info V6.
P-values <0.05 by two-sided tests were considered
to be significant.

We performed two types of analysis to evaluate
the impact of our interventions. First, we per-
formed an analysis to compare the data from the
first 3 months (baseline period) with the remaining
pooled months (intervention period) using RR, 95%
Cls, and P-values.

Second, we used Poisson regression to analyze
the progressive CAUTI rate reduction. For this pur-
pose, the data were divided into baseline for the
first 3 months and follow-up periods divided into a
6-month period for the first year and yearly over
the next months. We compared the CAUTI rates
in each period with the CAUTI rate at baseline,
using as the baseline for each follow-up period only
the hospitals that contributed to follow-up in that
period (i.e., excluding from the baseline compar-
isons hospitals with long lengths of follow-up that
contributed shorter lengths of surveillance). We
used random effects Poisson regression to account
for within-hospital clustering of CAUTI rates across
time. These models were estimated using Stata
11.0. For this analysis, we used incidence rate-ratio
(IRR), 95% Cls, and P-values.

Results

During the study period, 3183 patients were hos-
pitalized in 4 AICUs over 14,426 days, amounting
to 8720 UC-days. Participating hospitals were clas-
sified according to type of hospital, type of ICU,
number of ICUs, and number of patients in each
ICU. The first ICUs to participate in the study were
enrolled in December 2005, and the most recent
data included in our analysis dated from December
2010 (Table 1).

Patient characteristics, such as UC duration
mean, surgical stay, pulmonary disease, abdomi-
nal surgery, cancer, endocrine metabolic diseases,
renal impairment, and immune-compromised con-
dition, were similar during both periods. However,
the mean age of patients, proportion of women,
and presence of previous infections were higher
during the intervention period (Table 2).

During the baseline period, we recorded 819 UC-
days, for a UC use mean of 0.67. There were 9
CAUTIs, for an overall baseline rate of 11.0 CAUTIs
per 1000 UC-days (Table 2).

During the implementation of our multidi-
mensional approach, HH compliance improved
significantly, from 57.23% to 78.21%. Similarly,
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Table 1 Characteristics of the participating hospi- compliance rates with other measures also

tals (from December 2005—2010). increased: the correct positioning of the urinary
catheter (over the thigh) improved from 41.56%
Data AICUs, n _ AICU patients, n to 88.84%, and urine bag hanging improved from
Type of AICU, n (%) 41.56% to 92.88% (Table 2).
Surgical 1 (25%) 225
x:g}z:t cardiac 1 gg;‘:; 12(5)8 Merging all data from the intervention period,
Medical surgical 1.(25%) 1383 after the implementation of the multidimensional
All AICUs 4 (100%) 3183 approach, we recorded 7901 UC-days, for a UC use
) mean of 0.60. There were 21 CAUTIs for an inci-
Type of hospital, n (%) dence density of 2.66 per 1000 UC-days. These

Private community 1 (50%) 2958
Academic teaching 1 (50%) 225
All hospitals 2 (100%) 3183

results revealed a CAUTI rate reduction of 76% from
baseline (11.0—2.66 CAUTIs per 1000 UC-days; RR
0.24, 95% C10.22—0.53, P0.0001) (Table 3). To com-
AIEL sl i e L pare the progressive reduction in the rates of CAUTI
for the entire study, we used Poisson regression.

Table 2 Characteristics of patients, hand hygiene compliance, and urinary catheter care during the baseline and
intervention periods.

Patient Baseline Intervention RR® 95% Cl P-value
characteristics

Number of patients 283 2898 — - —

Study period by 3 27.9+18.2 (10—61) — — —
hospital in
months,
mean £ SD (range)

UC duration, 2.9+4.1 2.73+4.2 — — 0.52
mean £ SD

Age, mean + SD 59 +17.28 62.21+17.13 — — 0.003

ASIS score, 2.81+1.4 2.62+1.15 — — 0.034
mean £ SD

Male, n (%) 199 (70%) 1738 (60%) 0.85 0.74—0.99 0.0332

Female, n (%) 84 (30%) 1158 (40%) — — —

Surgical stay, n (%) 27 (10%) 339 (12%) 1.28 0.86—1.9 0.217

Pulmonary disease, 7 (2%) 142 (5%) 1.98 0.93—4.24 0.0714
n (%)

Abdominal surgery, 4 (1%) 29 (1%) 0.71 0.25-2.02 0.5161
n (%)

Cancer, n (%) 8 (3%) 155 (5%) 1.9 0.93-3.84 0.075

Previous infections, 7 (3%) 333 (14%) 5.36 2.54—11.33 0.0001
n (%)

Endocrine diseases, 13 (5%) 143 (5%) 1.08 0.61—1.9 0.8
n (%)

Renal impairment, n 24 (8%) 173 (6%) 0.7 0.46—1.08 0.106
(%)

Immune 4 (1%) 23 (1%) 0.56 0.2—1.62 0.28
compromise, n (%)

Hand hygiene 57.23% (297/519) 78.21% (2872/3672) 1.37 1.21-1.54 0.0001
compliance %
(n/n)

Urinary catheter on 41.56% (389/936) 88.84% (7485/8425) 2.14 1.93-2.37 0.0001
thigh % (n/n)

Urine bag hanging % 41.56% (389/936) 92.28% (7775/8425) 2.22 2.01-2.46 0.0001
(n/n)

RR, rate ratio; Cl, confidence interval; SD, standard deviation; CAUTI, catheter-associated urinary tract infection; UC, urinary
catheter; ASIS, average severity of illness score.
2 For HH, relative risk rather than rate ratios is calculated.
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Table 3 Catheter-associated urinary tract infection rates, mortality rates, and device use in the baseline and

intervention periods.

Patients’ outcomes Baseline Intervention RR 95% Cl P-value
Patients, n 283 2898

Bed-days, n 1222 13,204

UC-days, n 819 7901

UC use, mean 0.67 0.6 0.9 0.83—0.96 0.002
CAUTI, n 9 21

CAUTI rate per 1000 UC-days 11 2.66 0.24 0.11-0.53 0.0001

RR, rate ratio; Cl, confidence interval; SD, standard deviation; CAUTI, catheter-associated urinary tract infection; UC, urinary

catheter.

We divided the months of participation into 9—12
month periods during the first year, and into yearly
periods in the second and third years. We noted
a progressive reduction in the incidence of CAUTI
(Table 4).

The microorganism profile is shown in Table 5.
The predominant uropathogen isolated in both
periods was Candida spp. (33%), with an increase
in its frequency by 10% from baseline to
the intervention period. The next most com-
mon uropathogens identified during the base-
line period included Stenotrophomonas spp.,
coagulase-negative Staphylococci, Corynobacter,
and Klebsiella spp.

Discussion

The baseline rate of CAUTIs determined in this
study (11.0 per 1000 UC-days) was 9-fold higher
than the US rate of 1.5 CAUTI per 1000 UC-days,
as determined by the CDC/NSHN [24], and 5-fold
higher than the 2.5 CAUTI rate determined by the
Krankenhaus Infektions Surveillance System (KISS)
[25].

In comparison with pooled CAUTI rates from devel-
oping countries, our CAUTI baseline rate was
higher than that listed in the fourth international

Table

5 Microorganism

related to

catheter-

associated urinary tract infection in intensive care
units in the baseline and intervention periods.

Isolated Baseline Intervention

microor-

ganisms

Candida spp. % 33% (2) 43% (3)
(n)

Stenotrophomonas 17% (1) 14% (1)
spp. % (n)

Coagulase- 17% (1) 0% (0)
negative
Staphylococci
% (n)

Corynobacter % 17% (1) 0% (0)
(n)

Klebsiella spp. % 17% (1) 0% (0)
(n)

Acinetobacter % 0% (0) 14% (1)
(n)

Citrobacter spp. 0% (0) 14% (1)
% (n)

E. coli spp. % (n) 0% (0) 14% (1)

Total 100% (6) 100% (7)

Table 4 Catheter-associated urinary tract infection rates stratified by length of participation of the intensive care
units in the International Nosocomial Infection Control Consortium. Poisson regression analysis.

Months since ICU, n UC-days, n  CAUTI, n  Crude CAUTI IRR accounting P-value
joining INICC rate/1000 for clustering by

UC-days ICU
1—3 months (baseline) 4 819 9 11.0 1.0 =
4—12 months 4 2619 8 3.05 0.3 (0.11-0.72) 0.008
Second year 2 697 3 4.3 0.26 (0.05—1.34) 0.108
Third year 2 1018 0 0.0 0.0 (—) 0.999
Fourth year 1 3454 10 2.9 0.13 (0.04—4.2) 0.0001

INICC, International Nosocomial Infection Control Consortium; ICU, intensive care unit; CAUTI, catheter-associated urinary tract

infection; UC, urinary catheter; IRR, incidence-rate ratio.
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INICC report published in 2012 (6.3 CAUTIs per
1000 UC-days) [26]. In the few studies addressing
the burden of CAUTIs in the Philippines, the CAUTI
rate in our study was higher than the rate reported
in another study conducted in the Philippines (4.2
CAUTIs per 1000 UC-days) [11].

In studies performed by INICC member hospitals,
it was determined that the implementation of a
multi-dimensional approach for CAUTI — which
includes a bundle of interventions, education, out-
come and process surveillance, feedback of CAUTI
rates, and performance feedback — resulted in sig-
nificant reductions in CAUTI rates (21.3 vs. 12.39
CAUTIs per 1000 UC-days) [27], including rates of
AICUs (7.86 vs. 4.95 CAUTIs per 1000 UC-days) [13]
and of pediatric ICUs (5.9 vs. 2.6 CAUTIs per 1000
UC-days) [29].

The INICC multidimensional approach for control-
ling CAUTI included the following elements. First,
an infection prevention bundle was implemented
based on the guidelines published by SHEA and
IDSA [19], which provide evidence-based recom-
mendations and cost-effective infection control
measures that can be feasibly adapted to the
ICU setting in developing countries. Second, HCWs
were educated in infection preventive measures.
Third, CAUTI outcomes were monitored by apply-
ing the definitions for CAUTI developed by the US
CDC/NHSN [21,22]. Fourth, CAUTI processes were
monitored for compliance with easily measurable
infection control measures, including HH perfor-
mance. Fifth, feedback was provided on CAUTI
rates. Sixth, performance feedback was given on
process surveillance, particularly by reviewing and
discussing chart results at monthly infection con-
trol meetings.

In our study, some patient characteristics, such
as surgical stay, pulmonary disease, abdominal
surgery, cancer, endocrine metabolic diseases,
renal impairment, and immune compromise,
were similar, as was UC mean duration; these
characteristics showed similar patient intrinsic
risk rates in both study phases. However, the
mean age of patients and the proportion of
women were higher during Phase Il, meaning
that the patient intrinsic risks were higher in
the intervention period because female gen-
der and older age have been identified as risk
factors for CAUTI [30]. A multivariate analysis
reviewed by Salgado et al. reported the five
risk factors associated with the later develop-
ment of CAUTI: (1) duration of catheterization,
(2) catheter care violations, (3) absence of sys-
temic antibiotics, (4) female gender, and (5) older
age [31].

During the implementation of the INICC mul-
tidimensional approach, we noted improvements
in process surveillance rates, with higher HH
compliance and improved compliance with other
measures, such as correct positioning of the
UC (without obstructing the urine flow), which
improved from 41.56% to 88.84%, and hanging of
the collecting bag (to avoid urine reflux), which
improved from 41.56% to 92.88% in Phase Il. During
the study period, the high CAUTI rate at baseline
was reduced from 11.0 to 2.66 per 1000 UC-
days, showing a 76% reduction in CAUTI rate and
evidencing the effectiveness of the applied multi-
dimensional approach.

Regarding the microorganism profile, we identi-
fied a predominance of Candida spp. during both
periods, which is similar to other studies con-
ducted in limited-resource countries [26,32—34].

Study limitations

This study has many limitations. First, our findings
are not to be generalized to all ICU patients from
the Philippines. Moreover, the inclusion of more
ICUs would have allowed clustering-randomizing
and possibly the analysis of intervention effects
independently from external confounders. Addi-
tionally, the number of documented CAUTIs is
small, which might be due to a local patient selec-
tion process for ICU admission, and at the beginning
of the study period, there might have been a
Hawthorne effect on our study results. However,
after more than 4 years of continuous intervention
with regular monitoring, the potential Hawthorne
effect is certainly diluted, as behavior is gradually
internalized as a social norm. In this study, it was
shown that a multidimensional approach is funda-
mental to understand and fight the occurrence of
CAUTIs in the AICU setting in the Philippines. Sec-
ond, the 3-month baseline period was short and
might have overestimated the effect of the inter-
vention. Nevertheless, during the baseline period,
the sample size was large enough, and the confi-
dence intervals for the baseline rate were narrow.
In addition, this length of baseline period is com-
mon in the scientific literature. Third, we did
not count on the necessary resources to collect
more data on process surveillance and measure
compliance with all of the elements included in
our bundle. Therefore, we could not evaluate the
implications of individual interventions or other
contextual factors related to the AICUs or hospi-
tals. These data would have greatly contributed to
advancing the knowledge of quality improvement
in this setting of hospitals in the Philippines and to
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providing an accurate description of the success-
ful results of our approach. Nevertheless, our main
goal was to reduce the high baseline CAUTI rates in
our ICUs, and although our interventions were inex-
pensive, individual evaluations would have required
more allocation of time, contributing to unnec-
essary harm for ICU patients. Fortunately, from
January 2012, we have been able to collect all of
this process surveillance data.

Conclusions

This study is the first multicenter study to report
a substantial reduction in CAUTI rates in the AICU
setting in the Philippines, demonstrating that this
type of infection control approach is successful.
Although some patients’ intrinsic risks were higher
during the intervention period, a multidimensional
approach to CAUTI preventive measures, including
improved compliance, resulted in significant reduc-
tions in CAUTI incidence.

It is worth highlighting that the reduction in
CAUTI rates does not derive from surveillance itself.
This systematically collected data should serve to
guide healthcare professionals in their strategies
for improvement of patient care practices, which
is facilitated by performance feedback, as demon-
strated in several previous studies conducted in
limited-resource countries [27—29].

The preventive strategies that were proven
effective in the INICC ICUs in the Philippines can
promote a wider acceptance of infection con-
trol programs in hospitals, leading to significant
CAUTI reductions worldwide. Within the INICC net-
work, investigators are provided with training and
the methodological tools to perform outcome and
process surveillance and to implement effective
infection prevention programs. Furthermore, the
publication of these findings contributes to the
relevant scientific evidence-based literature from
developing countries. Accordingly, every hospital is
invited to participate in the INICC project, which
was set up to respond to the compelling need in
the developing world to significantly prevent, con-
trol, and reduce the incidence of CAUTIs and their
adverse effects.

Funding

The funding for the activities performed at INICC
headquarters were provided by the corresponding
author, Victor D. Rosenthal, and the Foundation to
Fight against Nosocomial Infections.

Conflict of interest

All authors report no conflicts of interest related
to this article. Every hospital’s Institutional Review
Board agreed to the study protocol, and patient
confidentiality was protected by codifying the
recorded information, making it only identifiable to
the infection control team.

Competing interests

None declared.

Ethical approval

Not required.

Author contributions

Victor D. Rosenthal is responsible for idea,
conception and design, software development,
assembly of data, analysis and interpretation of the
data, epidemiological analysis, statistical analy-
sis, administrative, technical, and logistic support,
drafting of the article and all authors are responsi-
ble for critical revision of the article for important
intellectual content, final approval of the article,
provision of study patients and collection of data.

Acknowledgments

The authors thank the many health care profes-
sionals at each member hospital who assisted with
the performance of surveillance at their hospitals,
including the surveillance nurses, clinical micro-
biology laboratory personnel, and the physicians
and nurses providing care for the patients during
the study. Without their cooperation and gener-
ous assistance, this INICC would not be possible.
The authors also thank Mariano Vilar, Débora Lopez
Burgardt, Santiago Suarez, Denise Brito, Julieta
Sayar, Eugenia Manfredi, Luciana Soken, Dario Piz-
zuto, Yuan Ding, and Isaac Kelmeszes, who work at
INICC headquarters in Buenos Aires, for their hard
work and commitment to achieve INICC goals; Altaf
Ahmed, Carlos A. Alvarez-Moreno, Anucha Apisarn-
thanarak, Luis E. Cuéllar, Bijie Hu, Namita Jaggi,
Hakan Leblebicioglu, Eduardo A. Medeiros, Yatin
Mehta, Toshihiro Mitsuda, and Lul Raka, the INICC
country coordinators; Carla J. Alvarado, Nicholas
Graves, William R. Jarvis, Patricia Lynch, Dennis



398

J.A. Navoa-Ng et al.

Maki, Cat Murphy, Russell N. Olmsted, Didier Pittet,
Wing Hong Seto, Syed Sattar, and William Rutala,
the INICC Advisory Board, who have so generously
supported this unique international infection con-
trol network; and especially Patricia Lynch, who
inspired and supported us to follow our dreams
despite obstacles.

References

[1] Xie DS, Lai RP, Nie SF. Surveys of catheter-associated
urinary tract infection in a university hospital intensive
care unit in China. Brazilian Journal of Infectious Diseases
2011;15(3):296—7.

[2] Hameed A, Chinegwundoh F, Thwaini A. Prevention of
catheter-related urinary tract infections. British Journal of
Hospital Medicine (London) 2010;71(3):148—-50 [51/52].

[3] Trautner BW. Management of catheter-associated urinary
tract infection. Current Opinion in Infectious Diseases
2010;23(1):76—82.

[4] Rosenthal VD, et al. Time-dependent analysis of length of
stay and mortality due to urinary tract infections in ten
developing countries: INICC findings. Journal of Infection
2010;62(2):136—41.

[5] Tambyah PA, Knasinski V, Maki DG. The direct costs of noso-
comial catheter-associated urinary tract infection in the
era of managed care. Infection Control and Hospital Epi-
demiology 2002;23(1):27—-31.

[6] Chant C, et al. Relationship of catheter-associated urinary
tract infection to mortality and length of stay in criti-
cally ill patients: a systematic review and meta-analysis
of observational studies. Critical Care Medicine 2011;39(5):
1167-73.

[7] Clec’h C, et al. Does catheter-associated urinary
tract infection increase mortality in critically ill
patients? Infection Control and Hospital Epidemiology
2007;28(12):1367—73.

[8] Bagshaw SM, Laupland KB. Epidemiology of intensive care
unit-acquired urinary tract infections. Current Opinion in
Infectious Diseases 2006;19(1):67—71.

[9] Rosenthal VD. Device-associated nosocomial infections in
limited-resources countries: findings of the International
Nosocomial Infection Control Consortium (INICC). American
Journal of Infection Control 2008;36(10):5171e7—12.

[10] Rosenthal VD, et al. International Nosocomial Infection
Control Consortium (INICC) report, data summary of 36
countries, for 2004—2009. American Journal of Infection
Control 2012;40(5):396—407.

[11] Navoa-Ng JA, et al. Device-associated infections rates in
adult, pediatric, and neonatal intensive care units of hos-
pitals in the Philippines: International Nosocomial Infection
Control Consortium (INICC) findings. American Journal of
Infection Control 2011;39(7):548—54.

[12] Rosenthal VD, et al. Socioeconomic impact on device-
associated infections in limited-resource neonatal
intensive care units: findings of the INICC. Infection
2011;39(5):439-50.

[13] Rosenthal VD, et al. Impact of a multidimensional infec-
tion control strategy on catheter-associated urinary tract
infection rates in the adult intensive care units of 15
developing countries: findings of the International Noso-
comial Infection Control Consortium (INICC). Infection
2012;40(5):517—26.

[14] Cetinkaya Y, et al. Nosocomial Infection (NI) risk factors in
Intensive Care Units (ICU) from Turkey. In: Proceedings and
Abstracts of the Fifth Pan- American Congress Of Infection
Control and Hospital Epidemiology. 2004.

[15] Tsuchida T, et al. Relationship between catheter care and
catheter-associated urinary tract infection at Japanese
general hospitals: a prospective observational study.
International Journal of Nursing Studies 2008;45(3):
352-61.

[16] Crouzet J, et al. Control of the duration of urinary
catheterization: impact on catheter-associated urinary
tract infection. Journal of Hospital Infection 2007;67(3):
253-7.

[17] Willson M, et al. Nursing interventions to reduce the
risk of catheter-associated urinary tract infection: part
2: staff education, monitoring, and care techniques.
Journal of Wound, Ostomy and Continence Nursing
2009;36(2):137—54.

[18] Malt G, Robertson-Malt S. A rapid quality control initiative
to reduce the incidence of urinary tract infection in the pae-
diatric intensive care patient — Part 1. International Journal
of Nursing Practice 2007;13(6):348—53.

[19] Lo E, et al. Strategies to prevent catheter-associated
urinary tract infections in acute care hospitals. Infec-
tion Control and Hospital Epidemiology 2008;29(Suppl.
1):541-50.

[20] Rosenthal VD, Maki DG, Graves N. The International Noso-
comial Infection Control Consortium (INICC): goals and
objectives, description of surveillance methods, and oper-
ational activities. American Journal of Infection Control
2008;36(9):pe1—12.

[21] Horan TC, Andrus M, Dudeck MA. CDC/NHSN surveillance
definition of health care-associated infection and criteria
for specific types of infections in the acute care set-
ting. American Journal of Infection Control 2008;36(5):
309-32.

[22] Garner JS, et al. CDC definitions for nosocomial
infections 1988. Zeitschrift fur Arztliche Fortbildung
1991;85(17):818—27.

[23] Sax H, et al. The World Health Organization hand hygiene
observation method. American Journal of Infection Control
2009;37(10):827—34.

[24] Dudeck MA, et al. National Healthcare Safety Net-
work (NHSN) report, data summary for 2010, device-
associated module. American Journal of Infection Control
2011;39(10):798—816.

[25] Geffers C, Gastmeier P. Nosocomial infections and
multidrug-resistant organisms in Germany: epidemiolog-
ical data from KISS (the hospital infection surveillance
system). Deutsches Arzteblatt International 2011;108(6):
87-93.

[26] Rosenthal VD, et al. Findings of the International Nosoco-
mial Infection Control Consortium (INICC), Part II: impact of
amultidimensional strategy to reduce ventilator-associated
pneumonia in neonatal intensive care units in 10 develop-
ing countries. Infection Control and Hospital Epidemiology
2012;33(7):704—10.

[27] Rosenthal VD, Guzman S, Safdar N. Effect of educa-
tion and performance feedback on rates of catheter-
associated urinary tract infection in intensive care units
in Argentina. Infection Control and Hospital Epidemiology
2004;25(1):47—50.

[29] Rosenthal VD, et al. Findings of the International Noso-
comial Infection Control Consortium (INICC), Part I:
effectiveness of a multidimensional infection control
approach on catheter-associated urinary tract infection
rates in pediatric intensive care units of 6 developing


http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0005
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0005
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0005
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0005
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0005
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0005
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0005
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0005
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0005
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0005
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0005
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0005
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0005
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0005
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0005
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0005
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0005
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0005
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0005
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0005
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0005
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0005
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0005
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0005
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0005
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0005
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0005
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0005
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0005
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0005
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0005
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0010
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0010
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0010
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0010
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0010
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0010
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0010
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0010
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0010
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0010
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0010
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0010
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0010
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0010
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0010
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0010
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0010
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0010
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0010
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0010
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0010
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0010
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0010
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0010
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0015
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0015
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0015
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0015
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0015
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0015
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0015
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0015
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0015
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0015
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0015
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0015
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0015
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0015
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0015
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0015
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0015
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0015
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0020
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0020
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0020
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0020
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0020
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0020
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0020
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0020
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0020
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0020
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0020
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0020
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0020
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0020
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0020
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0020
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0020
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0020
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0020
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0020
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0020
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0020
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0020
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0020
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0020
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0020
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0020
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0020
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0020
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0020
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0020
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0025
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0025
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0025
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0025
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0025
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0025
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0025
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0025
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0025
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0025
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0025
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0025
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0025
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0025
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0025
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0025
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0025
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0025
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0025
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0025
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0025
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0025
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0025
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0025
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0025
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0025
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0025
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0025
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0025
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0025
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0025
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0025
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0025
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0025
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0025
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0030
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0035
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0035
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0035
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0035
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0035
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0035
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0035
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0035
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0035
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0035
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0035
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0035
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0035
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0035
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0035
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0035
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0035
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0035
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0035
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0035
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0035
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0035
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0035
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0040
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0040
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0040
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0040
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0040
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0040
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0040
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0040
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0040
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0040
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0040
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0040
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0040
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0040
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0040
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0040
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0040
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0040
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0040
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0040
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0045
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0045
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0045
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0045
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0045
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0045
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0045
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0045
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0045
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0045
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0045
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0045
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0045
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0045
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0045
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0045
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0045
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0045
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0045
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0045
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0045
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0045
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0045
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0045
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0045
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0045
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0050
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0050
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0050
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0050
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0050
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0050
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0050
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0050
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0050
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0050
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0050
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0050
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0050
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0050
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0050
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0050
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0050
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0050
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0050
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0050
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0050
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0050
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0050
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0050
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0050
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0050
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0050
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0050
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0050
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0055
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0060
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0060
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0060
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0060
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0060
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0060
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0060
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0060
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0060
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0060
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0060
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0060
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0060
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0060
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0060
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0060
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0060
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0060
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0060
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0060
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0060
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0060
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0060
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0060
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0060
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0065
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0070
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0075
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0075
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0075
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0075
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0075
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0075
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0075
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0075
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0075
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0075
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0075
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0075
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0075
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0075
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0075
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0075
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0075
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0075
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0075
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0075
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0075
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0075
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0075
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0075
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0075
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0075
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0075
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0075
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0075
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0075
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0075
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0075
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0075
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0075
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0080
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0080
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0080
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0080
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0080
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0080
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0080
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0080
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0080
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0080
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0080
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0080
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0080
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0080
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0080
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0080
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0080
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0080
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0080
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0080
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0080
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0080
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0080
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0080
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0080
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0085
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0085
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0085
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0085
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0085
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0085
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0085
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0085
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0085
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0085
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0085
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0085
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0085
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0085
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0085
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0085
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0085
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0085
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0085
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0085
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0085
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0085
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0085
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0085
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0085
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0085
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0085
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0085
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0085
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0085
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0085
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0085
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0085
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0085
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0085
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0090
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0095
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0095
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0095
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0095
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0095
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0095
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0095
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0095
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0095
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0095
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0095
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0095
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0095
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0095
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0095
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0095
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0095
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0095
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0095
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0095
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0095
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0095
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0095
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0095
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0095
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0100
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0100
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0100
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0100
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0100
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0100
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0100
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0100
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0100
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0100
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0100
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0100
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0100
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0100
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0100
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0100
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0100
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0100
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0100
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0100
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0100
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0100
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0100
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0100
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0100
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0100
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0100
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0100
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0100
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0100
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0100
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0100
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0100
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0100
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0105
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0105
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0105
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0105
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0105
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0105
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0105
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0105
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0105
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0105
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0105
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0105
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0105
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0105
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0105
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0105
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0105
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0105
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0105
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0105
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0105
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0105
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0105
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0105
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0105
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0105
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0105
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0105
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0105
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0105
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0105
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0105
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0105
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0105
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0105
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0110
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0110
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0110
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0110
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0110
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0110
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0110
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0110
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0110
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0110
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0110
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0110
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0110
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0110
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0110
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0110
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0110
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0115
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0115
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0115
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0115
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0115
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0115
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0115
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0115
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0115
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0115
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0115
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0115
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0115
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0115
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0115
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0115
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0115
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0115
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0115
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0115
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0115
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0120
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0120
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0120
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0120
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0120
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0120
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0120
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0120
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0120
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0120
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0120
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0120
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0120
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0120
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0120
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0120
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0120
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0120
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0120
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0120
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0120
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0120
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0120
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0120
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0120
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0120
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0125
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0125
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0125
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0125
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0125
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0125
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0125
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0125
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0125
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0125
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0125
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0125
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0125
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0125
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0125
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0125
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0125
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0125
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0125
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0125
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0125
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0125
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0125
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0125
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0125
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0125
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0125
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0125
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0125
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0130
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0135
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145

Catheter-associated urinary tract infections in adult intensive care units 399

countries. Infection Control and Hospital Epidemiology [32] Rosenthal VD, et al. Device-associated nosocomial infec-

2012;33(7):696—703. tions in 55 intensive care units of 8 developing countries.
[30] Talaat M, et al. Surveillance of catheter-associated uri- Annals of Internal Medicine 2006;145(8):582—91.

nary tract infection in 4 intensive care units at Alexandria [33] Rosenthal VD, et al. International nosocomial infection

university hospitals in Egypt. American Journal of Infection control consortium report, data summary for 2002—2007,

Control 2010;38(3):222—-8. issued January 2008. American Journal of Infection Control
[31] Salgado CD, Karchmer TB, Farr BM. Prevention of catheter- 2008;36(9):627—37.

associated urinary tract infections. In: Wenzel RP, editor. [34] Rosenthal VD, et al. International Nosocomial Infection

Prevention and Control of Nosocomial Infections. 4th Control Consortium (INICC) report, data summary for

ed. Philadelphia: Lippincott Williams & Wilkins; 2003. p. 2003—2008, issued June 2009. American Journal of Infec-

297-311. tion Control 2010;38(2):95—10400.

Available online at www.sciencedirect.com

SciVerse ScienceDirect



http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0145
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0150
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0150
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0150
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0150
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0150
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0150
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0150
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0150
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0150
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0150
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0150
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0150
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0150
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0150
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0150
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0150
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0150
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0150
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0150
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0150
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0150
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0150
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0150
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0150
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0150
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0150
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0150
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0150
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0150
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0150
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0150
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0155
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0160
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0160
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0160
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0160
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0160
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0160
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0160
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0160
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0160
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0160
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0160
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0160
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0160
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0160
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0160
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0160
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0160
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0160
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0160
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0160
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0160
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0160
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0160
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0160
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0160
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0165
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0165
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0165
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0165
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0165
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0165
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0165
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0165
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0165
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0165
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0165
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0165
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0165
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0165
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0165
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0165
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0165
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0165
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0165
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0165
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0165
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0165
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0165
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0165
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0165
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0165
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0165
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0165
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0170
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0170
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0170
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0170
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0170
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0170
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0170
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0170
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0170
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0170
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0170
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0170
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0170
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0170
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0170
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0170
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0170
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0170
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0170
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0170
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0170
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0170
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0170
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0170
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0170
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0170
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0170
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0170
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0170
http://refhub.elsevier.com/S1876-0341(13)00065-8/sbref0170
http://www.sciencedirect.com/science/journal/18760341

	Impact of an International Nosocomial Infection Control Consortium multidimensional approach on catheter-associated urinar...
	Introduction
	Patients and methods
	Setting and study design
	Baseline period
	Intervention period
	INICC multidimensional infection control approach
	Components of bundle for the prevention of CAUTIs
	Education
	INICC surveillance methods
	Outcome surveillance
	Definition of CAUTI
	Process surveillance
	Hand hygiene compliance
	Data on compliance with UC care bundle interventions

	Feedback on DA-HAI rates and performance
	Statistical methods

	Results
	Discussion
	Study limitations

	Conclusions
	Funding
	Conflict of interest
	Competing interests
	Ethical approval
	Author contributions
	Acknowledgments
	References


