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We report the results of an International Nosocomial Infection Control Consortium (INICC) surveillance study from 2002 through 2007
in 98 intensive care units (ICUs) in Latin America, Asia, Africa, and Europe. During the 6-year study, using Centers for Disease Control
and Prevention (CDC) National Nosocomial Infections Surveillance System (NNIS) definitions for device-associated health care-asso-
ciated infection, we collected prospective data from 43,114 patients hospitalized in the Consortium’s hospital ICUs for an aggregate of
272,279 days. Although device utilization in the INICC ICUs was remarkably similar to that reported from US ICUs in the CDC’s National
Healthcare Safety Network, rates of device-associated nosocomial infection were markedly higher in the ICUs of the INICC hospitals:
the pooled rate of central line–associated bloodstream infections (CLABs) in the INICC ICUs, 9.2 per 1000 CL-days, is nearly 3-fold
higher than the 2.4–5.3 per 1000 CL-days reported from comparable US ICUs, and the overall rate of ventilator-associated pneumonia
was also far higher, 19.5 vs 1.1–3.6 per 1000 ventilator-days, as was the rate of catheter-associated urinary tract infection, 6.5 versus
3.4–5.2 per 1000 catheter-days. Most strikingly, the frequencies of resistance of Staphylococcus aureus isolates to methicillin (MRSA)
(80.8% vs 48.1%), Enterobacter species to ceftriaxone (50.8% vs 17.8%), and Pseudomonas aeruginosa to fluoroquinolones (52.4% vs
29.1%) were also far higher in the Consortium’s ICUs, and the crude unadjusted excess mortalities of device-related infections ranged
from 14.3% (CLABs) to 27.5% (ventilator-associated pneumonia). (Am J Infect Control 2008;36:627-37.)
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This report is a summary of data on device-associ-
ated infections (DAI) within intensive care units (ICUs)
collected by hospitals participating in the International
Nosocomial Infection Control Consortium (INICC; Ap-
pendix)1 between January 2002 and December 2007.
The INICC is an international, nonprofit, open, multi-
center, collaborative health care-associated infection
control program with a surveillance system based on
that of the US National Healthcare Safety Network
(NHSN; formerly the National Nosocomial Infection
Surveillance system [NNIS]).1 Founded in Argentina in
1998, the INICC is the first multinational research net-
work established to control and reduce DAI through the
analysis of data collected on a voluntary basis by a pool
of hospitals worldwide. The INICC has the following
goals: create a dynamic global network of hospitals in
the world that conducts surveillance of health care-as-
sociated infections (HAIs) using standardized defini-
tions and established methodologies, promote
implementation of evidence-based infection control
practices, and carry out applied infection control re-
search; provide training and surveillance tools to indi-
vidual hospitals that can allow them to conduct
627
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outcome and process surveillance of HAIs, measure
their consequences, and assess the impact of infection
control practices; to improve the safety and quality of
health care worldwide through implementation of sys-
tematized programs to reduce rates of HAI, associated
mortality, excess lengths of stay, excess costs, and bac-
terial resistance.
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METHODS

The INICC at this time has focused on surveillance
and prevention of DAI in adult and pediatric ICUs and
high-risk nurseries.1 The data are collected using stan-
dardized Centers for Disease Control and Prevention
(CDC) NNIS protocols and definitions.2-4

The INICC has both outcome surveillance and pro-
cess surveillance components. The modules of the
components may be used singly or simultaneously,
but, once selected, they must be used for a minimum
of 1 calendar month.

All DAIs of the outcome surveillance component are
categorized using standard CDC NNIS definitions that
include laboratory and clinical criteria. Both labora-
tory-confirmed bloodstream infections (BSIs) and clin-
ical sepsis without microbiologic confirmation of BSI
are recorded and reported.3

Within the outcome surveillance component, data
are classified into specific module protocols addressing
the following: DAI rates, excess length of stay, evalua-
tion of HAI costs, crude excess mortality, microbiologic
profile, bacterial resistance, and antimicrobial use data.
In addition, INICC methodology includes a process for
adjudication of and validation of reported HAIs.1

Infection control professionals (ICPs) collect data on
central line-associated primary bloodstream infections
(CLABs), catheter-associated urinary tract infections
(CAUTIs), and ventilator-associated pneumonias (VAPs)
occurring in patients hospitalized in an ICU. ICUs are
stratified according to the patient population: adult, pe-
diatric, or neonatal units (NICUs).

All NICUs are level III or level II/III units, and ICPs col-
lect data on CLABs and umbilical catheter-associated
primary BSIs or VAPs for each of 5 birth-weight cate-
gories (,750 g, 750-1000 g, 1001-1500 g, 1501-2500 g,
.2500 g). Corresponding denominator data, patient-
days, and specific device-days are also collected.

The process surveillance component includes the
following modules: hand hygiene compliance moni-
toring in ICUs; central and peripheral vascular cathe-
ter care compliance monitoring; urinary catheter
care compliance monitoring; monitoring of compli-
ance with measures to prevent VAP; and performance
feedback. Data from the process surveillance module
on hand hygiene compliance are included in this



Table 2. Pooled means and key percentiles of the distribution of central line-associated BSI rates, per 1000 central line-days, and central line utilization ratios by
type of adult pediatric ICU

Percentile

Type of ICU

No. of

ICUs

No. of

patients

No. of

CLAB (LCBI)*

No of

CLAB (CSEP)y

No of CLAB

(LCBI1CSEP)

Central

line-days

Pooled mean

CLAB rate 10th 25th 50th, Median 75th 90th

Coronary ICU 7 8499 51 185 236 23,746 9.94 0.0 0.0 8.3 11.8 12.8

Surgical-cardiothoracic

ICU

2 541 4 0 4 2477 1.61 0.0 0.0 0.9 1.7 1.7

Medical ICU 2 2408 23 2 25 2364 10.58 2.1 2.1 7.4 12.7 12.7

Medical-surgical ICU 60 26,155 877 301 1178 132,061 8.92 0.0 3.7 9.7 16.5 34.3

Neurosurgical ICU 2 1200 30 14 44 3362 13.09 0.0 0.0 10.3 13.9 13.9

Pediatric ICU 9 1808 55 55 110 16,012 6.87 0.0 7.9 9.5 19.2 24.4

Surgical ICU 4 1984 108 21 129 7526 17.14 1.3 1.3 18.2 41.6 41.6

Trauma ICU 2 519 9 0 9 853 10.55 9.3 9.3 10.0 10.7 10.7

Overall 88 43,114 1157 578 1735 188,401 9.21 0.0 2.1 9.5 13.5 41.6

Percentile

Type of ICU

No. of

ICUs

Central

line-days Patient days

Pooled

mean DUR 10th 25th 50th, Median 75th 90th

Coronary ICU 7 23,746 40,383 0.59 0.07 0.17 0.51 0.88 1.17

Surgical-cardiothoracic

ICU

2 2477 2470 1.00 0.74 0.74 1.00 1.01 1.01

Medical ICU 2 2364 13,399 0.18 0.13 0.13 0.16 0.19 0.19

Medical-surgical

ICU

60 132,061 177,009 0.75 0.0 0.41 0.64 0.80 1.10

Neurosurgical ICU 2 3362 8220 0.41 0.02 0.02 0.19 1.06 1.06

Pediatric ICU 9 16,012 11,727 1.37 0.02 0.23 0.50 0.81 0.98

Surgical ICU 4 7526 16,884 0.45 0.0 0.22 0.44 0.65 0.87

Trauma ICU 2 853 2187 0.39 0.37 0.37 0.46 0.56 0.56

Overall 88 188,401 272,279 0.69 0.0 0.39 0.63 0.80 1.17

CLAB, central line-associated bloodstream infection; DUR, device use ratio.

*Laboratory-confirmed BSI.
yClinical sepsis, without laboratory confirmation.
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Table 3. Pooled means and key percentiles of the distribution of catheter-associated UTI rates, per 1000 urinary catheter-
days, and urinary catheter utilization ratios by type of adult or pediatric ICU

Percentile

Type of ICU

No. of

ICUs

No of

patients

Urinary

catheter-days

No. of

CAUTIs

Pooled mean

CAUTI rate 10th 25th 50th, Median 75th 90th

Coronary ICU 7 8499 18,722 120 6.41 0.00 0.00 1.9 13.3 16.3

Surgical cardiothoracic

ICU

2 541 2344 3 1.28 0.00 0.00 0.0 1.3 1.3

Medical ICU 2 2408 6646 64 9.63 0.00 0.00 5.3 10.5 10.5

Medical surgical ICU 60 26,155 155,722 1030 6.61 0.00 2.50 5.2 8.3 23.8

Neurosurgical ICU 2 1200 3740 31 8.29 0.00 0.00 4.9 13.3 13.3

Pediatric ICU 9 1808 4777 19 3.98 0.00 0.00 0.8 3.3 8.0

Surgical ICU 4 1984 8808 37 4.20 0.30 3.10 12.0 22.9 27.8

Trauma ICU 2 519 1552 8 5.15 4.30 4.30 8.5 12.8 12.8

Overall 88 43,114 202,311 1312 6.49 0.00 0.30 4.2 8.3 27.8

Percentile

Type of ICU

No. of

ICUs

Urinary

catheter-days Patient-days

Pooled

mean DUR 10th 25th 50th, Median 75th 90th

Coronary ICU 7 18,722 40,383 0.46 0.25 0.47 0.61 0.70 0.78

Surgical cardiothoracic ICU 2 2344 2470 0.95 0.87 0.87 0.95 1.00 1.00

Medical ICU 2 6646 13,399 0.50 0.16 0.16 0.39 0.62 0.62

Medical surgical ICU 60 155,722 177,009 0.88 0.10 0.76 0.85 0.93 0.99

Neurosurgical ICU 2 3740 8220 0.45 0.05 0.05 0.61 0.67 0.67

Pediatric ICU 9 4777 11,727 0.41 0.02 0.32 0.39 0.53 0.68

Surgical ICU 4 8808 16,884 0.52 0.31 0.44 0.58 0.72 0.85

Trauma ICU 2 1552 2187 0.71 0.70 0.70 0.75 0.81 0.81

Overall 88 202,311 272,279 0.74 0.02 0.59 0.80 0.90 1.00

CAUTI, catheter-associated urinary tract infections; DUR, device use ratio.
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report. The identity of all INICC hospitals, cities, and
countries is confidential, in accordance with the INICC
charter.

RESULTS

Characteristics of 98 ICUs from 18 countries in Latin
America, Asia, Africa, and Europe currently participat-
ing in the INICC that contributed data for this report are
shown in Table 1. The participation of hospitals in the
INICC program is as follows: mean length of participa-
tion 6 SD, 15.9 6 14.3 months, range 1 to 70 months;
10th percentile, 1 month; 25th percentile, 5 months;
50th percentile, 12 months; 75th percentile, 21
months; 90th percentile, 70 months.

For the outcome surveillance component, DAI rates,
device utilization (DU) ratios, crude excess mortality by
specific type of DAI, antimicrobial utilization, and bac-
terial resistance for January 2002 through December
2007 are summarized (Tables 2-10).

Tables 2, 3, and 4 show DAI rates and DU ratios by
infection type (CLAB, CAUTI, VAP, respectively) in adult
and pediatric ICUs. Inclusion in these Tables required
data from at least 5 ICUs of a given type. The data for
adult combined medical/surgical ICUs were not strati-
fied by type or size of hospital. Device-days consisted
of the total number of central line-days, urinary cathe-
ter-days, or ventilator-days. The DU ratio constitutes an
extrinsic risk factor for HAI.5 DU also comprises a
marker for severity of illness of patients, vis-a-vis pa-
tients’ susceptibility to HAI.

Tables 5 and 6 show DAI rates and DU ratios from the
high-risk nursery component of the INICC system for
CLABs and VAPs. For NICUs, device-days consist of
the total number of central line-days, umbilical cathe-
ter-days, and ventilator-days.

Table 7 provides data on crude ICU mortality in pa-
tients hospitalized in each type of unit during the sur-
veillance period with and without DAI and crude
excess mortality of adult and pediatric patients with
CLAB, CAUTI, and VAP and infants in NICUs with
CLAB or VAP. Table 8 provides data on antimicrobial uti-
lization in the INICC ICUs. Table 9 provides data on bac-
terial resistance of pathogens isolated from patients
with DAI in adult and pediatric ICUs and NICUs. Table
10 provides data on hand hygiene compliance before
patient contacts in the consortium ICUs. Tables 11
and 12 compare rates of CLAB, CAUTI, and VAP (Table 11)



Table 4. Pooled means and key percentiles of the distribution of ventilator-associated pneumonia rates, per 1000
ventilator-days, and ventilator utilization ratios by type of adult or pediatric ICU

Percentile

Type of ICU

No. of

units

No of

patients Ventilator-days No. of VAP

Pooled mean

VAP rate 10th 25th 50th, Median 75th 90th

Coronary ICU 7 8499 6585 133 20.20 4.9 7.3 11.2 33.2 39.4

Surgical cardiothoracic ICU 2 541 690 13 18.84 0.0 0.0 0.0 20.2 20.4

Medical ICU 2 2408 3117 127 40.74 6.7 6.7 25.5 44.4 44.4

Medical surgical ICU 60 26,155 90,905 1802 19.82 0.0 9.6 16.5 24.1 51.4

Neurosurgical ICU 2 1200 1962 39 19.88 12.1 12.1 26.0 31.9 31.9

Pediatric ICU 9 1808 7898 62 7.85 1.3 3.0 6.1 14.2 15.5

Surgical ICU 4 1984 5214 94 18.03 5.9 8.5 15.1 21.7 24.4

Trauma ICU 2 519 772 13 16.84 16.2 16.2 18.9 21.7 21.7

Overall 88 43,114 117,143 2283 19.49 0.0 7.5 15.2 23.9 51.4

Percentile

Type of ICU

No. of

units Patient-days Ventilator-days Pooled Mean DUR 10th 25th 50th, Median 75th 90th

Coronary ICU 7 40,383 6,585 0.16 0.03 0.17 0.27 0.34 0.55

Surgical cardiothoracic ICU 2 2,470 690 0.28 0.13 0.13 0.27 0.86 0.86

Medical ICU 2 13,399 3117 0.23 0.09 0.09 0.19 0.29 0.29

Medical surgical ICU 60 177,009 90,905 0.51 0.05 0.39 0.52 0.63 0.91

Neurosurgical ICU 2 8220 1962 0.24 0.04 0.04 0.30 0.37 0.37

Pediatric ICU 9 11,727 7898 0.67 0.00 0.33 0.40 0.57 0.72

Surgical ICU 4 16,884 5214 0.31 0.03 0.25 0.56 0.69 0.73

Trauma ICU 2 2187 772 0.35 0.34 0.34 0.41 0.48 0.48

Overall 88 272,279 117,143 0.43 0.00 0.30 0.46 0.63 0.91

DUR, device use ratio; VAP, ventilator-associated pneumonia.

Table 5. Pooled means and key percentiles of the distribution of central line-associated BSI rates, per 1000 central line-
days, and central line utilization ratios for level III NICUs

Percentile

Birth-weight

category (g)

No. of

units

No. of

Patients

Central

line-days

No. of

CLAB

(LCBI)*

No. of

CLAB

(CSEP)y

No. of

CLAB

(LCBI1CSEP)

Pooled

mean

CLAB rate 10th 25th

50th,

Median 75th 90th

,0.750 6 23 265 1 2 3 11.3 0.0 0.0 0.0 14.9 16.7

0.750-1000 7 66 785 3 10 13 16.6 0.0 8.4 16.5 25.8 27.8

1001-1500 7 177 1302 5 13 18 13.8 0.0 11.0 11.7 34.1 37.0

1501-2500 8 531 2040 12 19 31 15.2 0.0 0.0 13.9 21.8 28.2

.2500 8 526 1338 1 19 20 14.9 0.0 5.4 15.4 31.3 66.7

Overall 9 1323 5730 22 63 85 14.8 0.0 0.0 12.4 25.2 66.7

Percentile

Birth-weight

category (g) No. of units Patient-days Central line-days

Pooled

mean DUR 10th 25th 50th, Median 75th 90th

.0.750 6 334 265 0.79 0.0 0.49 0.83 1.0 1.0

0.750-1000 7 1593 785 0.49 0.0 0.27 0.43 0.84 1.02

1001-1500 7 2970 1302 0.44 0.0 0.17 0.29 0.58 0.58

1501-2500 8 5886 2040 0.35 0.0 0.09 0.24 0.39 0.73

.2500 8 4068 1338 0.33 0.0 0.01 0.21 0.44 0.71

Overall 9 14,851 5730 0.39 0.0 0.12 0.31 0.58 1.02

CLAB, central line-associated bloodstream infection; DUR, device use ratio.

*Laboratory-confirmed BSI.
yClinical sepsis, without laboratory confirmation.
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Table 6. Pooled means and key percentiles of the distribution of ventilator-associated pneumonia rates, per 1000
ventilator-days, and ventilator utilization ratios for level III NICUs

Percentile

Birth-weight

category, g No. of units No of patients Ventilator-days No. of VAP

Pooled mean

VAP rate 10th 25th 50th, Median 75th 90th

,0.750 6 23 221 1 4.52 0.0 0.0 0.0 0.0 8.5

0.750-1000 7 66 607 4 6.59 0.0 0.0 0.0 6.9 20.3

1001-1500 7 177 974 4 4.11 0.0 0.0 0.0 2.1 23.6

1501-2500 8 531 1348 9 6.68 0.0 0.0 0.0 4.2 17.4

.2500 8 526 970 13 13.40 0.0 0.0 0.0 10.8 21.1

Overall 9 1323 4120 31 7.52 0.0 0.0 0.0 4.2 23.6

Percentile

Birth-weight

category, g No. of units Patient-days Ventilator-days Pooled Mean DUR 10th 25th 50th, Median 75th 90th

,0.750 6 334 221 0.66 0.0 0.37 0.70 0.78 1.00

0.750-1000 7 1593 607 0.38 0.12 0.18 0.50 0.56 0.62

1001-1500 7 2970 974 0.33 0.0 0.10 0.24 0.30 0.55

1501-2500 8 5886 1348 0.23 0.0 0.05 0.15 0.28 0.30

.2500 8 4068 970 0.24 0.0 0.01 0.16 0.26 0.42

Overall 9 14,851 4120 0.28 0.0 0.11 0.25 0.46 1.00

DUR, device use ratio; VAP, ventilator-associated pneumonia.

Table 7. Pooled means and percentiles of the distribution of crude mortality and crude excess mortality* of ICU patients
with HAI: adult and pediatric ICUs combined

Percentile

No. of

patients

No. of

deaths

Pooled

crude mortality, % 10th 25th 50th, Median 75th 90th

Crude mortality of patients without HAI 38,412 5883 15.3 0.0 10.5 19.05 28.3 100.0

Crude mortality of patients with CLABI 973 288 29.6 0.0 6.02 33.3 50.0 100.0

Crude excess mortality of patients with CLAB 973 288 14.3 0.0 0.0 9.2 31.1 74.2

Crude mortality rate of patients with CAUTI 583 209 35.8 0.0 0.0 28.5 50.0 100.0

Crude excess mortality of patients with CAUTI 583 209 20.5 0.0 0.0 8.04 22.7 85.8

Crude mortality rate of patients with VAP 1178 504 42.8 0.0 20.0 33.3 60.7 100.0

Crude excess mortality of patients with VAP 1178 504 27.5 0.0 0.0 15.4 39.2 98.6

Pooled means and percentiles of the distribution of crude mortality and crude excess mortality* of infants in NICUs: all birth-weight
categories combined

Percentile

No. of

patients

No. of

deaths

Pooled crude

mortality, % 10th 25th 50th, Median 75th 90th

Crude mortality of infants without HAI 1181 169 14.3 0.0 1.8 15.2 37.5 90.9

Crude mortality of infants with CLAB 121 48 39.7 0.0 11.5 43.5 58.3 100.0

Crude excess mortality of infants with CLAB 121 48 25.4 0.0 0.0 13.8 32.2 100.0

Crude mortality of infants with VAP 43 20 46.5 0.0 0.0 44.4 66.7 100.0

Crude excess mortality of infants with VAP 43 20 32.2 0.0 0.0 19.3 36.9 57.8

*Crude excess mortality of DAI equals crude mortality of ICU patients with DAI minus crude mortality of patients without HAI.
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and rates of antimicrobial resistance (Table 12) in the
INICC and CDC NNIS/NHSN ICUs.
DISCUSSION

Studies done in US hospitals 30 years ago showed
that an integrated infection control program that
includes surveillance of HAIs can reduce the incidence
of infections by as much as 30% and can lead to re-
duced health care costs.6 Inspired by the success of
the CDC’s long-standing NNIS/NHSN network, which
has provided invaluable benchmarking data on DAIs
and antimicrobial resistance in US hospital ICUs for
more than 30 years,5,7-10 we chose to focus the INICC’s



Table 8. DDDs and pooled means and percentiles of the distribution of antimicrobial usage rates, DDDs per 1000 ICU-
days: adult and pediatric ICUs

Percentile

Antimicrobial class No of DDDs Pooled mean* 10th 25th 50th, Median 75th 90th

Penicillin group 1536 5.34 0.00 0.00 0.00 3.14 277.95

Ampicillin group 22,082 76.83 0.00 17.29 51.59 101.20 487.83

Antipseudomonal penicillins 13,563 47.19 0.00 2.33 23.57 105.73 331.96

Antistaphylococcal penicillins 1635 5.69 0.00 0.00 0.00 1.09 263.82

First-generation cephalosporins 15,605 54.29 0.00 2.29 21.44 48.99 478.06

Second-generation cephalosporins 1779 6.19 0.00 0.00 0.28 3.57 228.95

Third-generation cephalosporins 50,609 176.09 7.02 97.80 158.99 324.05 653.16

Carbapenems 25,874 90.02 0.00 51.02 101.45 178.72 905.26

Aztreonam 133 0.46 0.00 0.00 0.00 0.00 146.80

Fluoroquinolones 16,734 58.22 0.00 31.31 61.51 124.40 531.58

Trimethoprim-sulfamethoxazole 3100 10.79 0.00 0.00 3.84 21.11 59.65

Vancomycin 22,866 79.56 0.00 13.19 61.41 131.09 422.89

Defined dailydosesand pooledmeans and percentiles of the distribution of antimicrobialusage rates,DDDsper 1000 ICU-days:NICUs

Percentile

Antimicrobial class No of DDDs Pooled mean* 10th 25th 50th, Median 75th 90th

Penicillin group 30 2.0 0.00 0.00 0.00 2.90 57.32

Ampicillin group 3795 250.9 0.00 173.55 194.24 357.03 504.60

Antipseudomonal penicillins 118 7.8 0.00 0.00 0.00 1.38 48.61

Antistaphylococcal penicillins 626 41.4 0.00 0.00 0.00 4.60 171.79

First-generation cephalosporins 88 5.8 0.00 0.00 1.16 11.59 57.55

Second-generation cephalosporins 69 4.6 0.00 0.00 0.00 1.94 9.58

Third-generation cephalosporins 2247 148.5 7.29 36.83 119.57 190.77 382.17

Carbapenems 796 52.6 0.00 40.96 51.93 53.48 156.54

Aztreonam 0 0.0 0.00 0.00 0.00 0.00 0.0

Fluoroquinolones 61 4.0 0.00 0.00 0.45 5.52 10.82

Trimethoprim-sulfamethoxazole 6 0.4 0.00 0.00 0.00 0.00 2.92

Vancomycin 1,021 67.5 0.00 0.00 40.33 72.26 110.10

DDD, defined daily doses.

*DDD per 1000 ICU-days.

Table 9. Pooled means and percentiles of the distribution of antimicrobial resistance rates: adult, pediatric ICUs, and
NICUs

Percentile

Resistant bacterial species

No. of

units

No. isolates

tested

Pooled mean

resistant (%) 10th 25th 50th, Median 75th 90th

Methicillin-resistant Staphylococcus aureus (MRSA) 96 1473 80.8 0.0 50.0 80.0 100.0 100.0

Methicillin-resistant coagulase-negative staphylococci 96 307 75.2 0.0 64.0 90.3 100.0 100.0

Vancomycin-resistant enterococcus spp 96 170 9.4 0.0 0.0 0.0 6.3 100.0

Ciprofloxacin/ofloxacin-resistant Pseudomonas

aeruginosa

96 1262 52.4 0.0 40.0 59.0 75.0 100.0

Imipenem-resistant P aeruginosa 96 1947 36.6 0.0 0.0 27.3 52.4 100.0

Ceftazidime-reisistant P aeruginosa 96 1928 51.7 0.0 33.3 50.0 72.7 100.0

Piperacillin-resistant P aeruginosa 96 1124 50.8 0.0 36.4 58.8 75.0 100.0

Ceftazidime-resistant Enterobacter species 96 294 56.8 0.0 30.0 50.0 80.0 100.0

Carbapenem-resistant Enterobacter species 96 365 8.5 0.0 0.0 0.0 0.0 81.3

Ceftazidime-resistant Klebsiella pneumoniae 96 856 68.2 0.0 33.3 72.0 85.7 100.0

imipenem-resistant K pneumoniae 96 1001 2.7 0.0 0.0 0.0 2.10 100.0

Ceftazidime-resistant Escherichia coli 96 673 53.9 0.0 11.1 47.75 80.0 100.0

Ciprofloxacin/ofloxacin-resistant E coli 96 741 42.9 0.0 12.7 44.8 78.9 100.0

Ceph3, third-generation cephalosporin, cefotaxime, or ceftriaxone.
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Table 10. Distribution of HH compliance rates by ICU type

Percentile

Type of ICU ICUs (n)

Opportunities

for HH (n) HH compliance (n)

Pooled mean

compliance (%) 10th 25th 50th, Median 75th 90th

Coronary ICU 6 12,066 7360 61 27.6 63.8 65.9 76.8 78.3

Medical ICU 4 8609 4564 53 33.8 53.7 75.5 83.8 90.0

Medical-surgical ICU 45 52,966 27,402 52 1.2 29.2 44.1 63.2 99.7

NICU 8 3397 2217 65 33.3 48.7 63.9 79.9 84.2

Neurosurgical ICU 2 2390 1649 69 27.2 27.2 50.6 74.0 74.0

Pediatric ICU 3 1515 851 56 48.2 48.2 61.7 65.8 65.8

Surgical ICU 4 4876 2398 49 5.2 24.3 43.8 67.0 90.0

HH, hand hygiene.

Table 11. Comparison of DAI rates, per 1000 device-days, in the ICUs of the International Nosocomial Infection Control
Consortium and the US National Healthcare Safety Network

INICC 2002-2007 Pooled mean

(interquartile range, 25%-75%)

US NHSN 2005-2006 Pooled mean

(interquartile range, 25%-75%)

Coronary ICU

CLAB 9.9 (0.0-11.8) 2.8 (0.0-4.2)

CAUTI 6.4 (0.0-13.3) 4.6 (2.8-5.5)

VAP 20.2 (7.3-33.2) 2.8 (0.0-4.5)

Medical-surgical ICU

CLAB 8.9 (3.7-16.5) 2.4 (0.6-3.1)

CAUTI 6.6 (2.5-8.3) 3.4 (1.9-4.5)

VAP 19.8 (9.6-24.1) 3.6 (1.3-5.1)

Pediatric ICU

CLAB 6.9 (7.9-19.2) 5.3 (1.1-6.5)

CAU 4.0 (0.0-3.3) 5.2 (0.0-6.0)

VAP 7.9 (3.0-14.2) 2.5 (0.0-2.8)

Newborn ICU (1501-2500 g)

CLAB 15.2 (0.0-21.8) 4.2 (0.0-4.1)

VAP 6.68 (0.0-4.2) 1.1 (0.0-0.2)

INICC, International Nosocomial Infection Control Consortium; NHSN, US National Healthcare Safety Network.
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first effort on surveillance of DAI in the ICU1 because it
addresses the health care setting with the most vulner-
able patients and the heaviest exposure to invasive
devices and highest rates of HAI.

Although device use in the consortium ICUs is simi-
lar or slightly lower than that reported from US ICUs in
the NHSN system10 we found that INICC rates of DAI are
far higher (Table 11). Moreover, the proportions of
Staphylococcus aureus isolates resistant to methicillin
(MRSA), Enterobacteriaceae resistant to ceftriaxone,
and Pseudomonas aeruginosa resistant to fluoroquino-
lones were also much higher in the consortium ICUs
than in the NNIS ICUs (Table 12); in contrast, the pro-
portion of enterococcal isolates resistant to vancomy-
cin was considerably lower in the INICC ICUs.

Thehigher ratesof DAI thatappear to be representative
of ICUs in developing countries1,11-17 have many plausi-
ble explanations. Some have been previously mentioned
in prior published reports from developing countries.18

First, it has to be taken into account that most developing
countries lack any legal framework or laws governing
the establishment of infection control programs. Never-
theless, in the limited cases where such regulations exist,
for example, in the form of national infection control
guidelines, compliance is usually variable, at best. More-
over, hospital accreditation is not compulsory. Second,
hand hygiene compliance in most health care facilities
is also highly variable. Third, the great majority of hospi-
tals in the developing countries receives limited financial
or administrative support, which invariably results in
very limited funds for infection control.18,19 Fourth,
nurse-to-patient staffing ratios in hospitals in developing
countries are typically very low, as compared with hospi-
tals in the developed countries; low nurse-to-patient
staffing ratios have been shown to be powerful determi-
nants of high DAI rates in ICUs.20 These problems are
compounded by overcrowding in most hospitals, few
experienced nurses, and pressing shortages of other
trained health care personnel and supplies.

Surveillance of HAIs—defining the magnitude and
nature of the problem—is the first step toward reducing
the risk of infection in vulnerable hospitalized patients.



Table 12. Comparison of antimicrobial resistance rates (%) in the ICUs of the International Nosocomial Infection Control
Consortium and the US National Nosocomial Infections Surveillance System

Pooled mean (range)

(interquartile range, 25%-75%)

Pooled mean (range)

(interquartile range, 25%-75%)

Antimicrobial-resistant pathogen INICC 2002-2007 US NNIS 1992-2004

Methicillin-resistant Staphylococcus aureus (MRSA) 80.8 (50.0-100.0) 52.9 (32.7-603)

Methicillin-resistant coagulase-negative staphylococci 75.2 (64.0-100.0) 76.6 (69.4-83.8)

Vancomycin-resistant enterococcus species 9.4 (0.0-6.3) 13.9 (5-24.3)

Ciprofloxacin/ofloxacin-resistant Pseudomonas aeruginosa 52.4 (40.0-75.0) 34.8 (17.4-41.3)

Imipenem-resistant P aeruginosa 36.6 (0.0-52.4) 19.1 (8.3-25.5)

Ceftazidime-reisistant P aeruginosa 51.7 (33.3-72.7) 13.9 (5-16.9)

Piperacillin-resistant P aeruginosa 50.8 (36.4-75.0) 17.50 (7.5-19.5)

Ceph3-resistant Enterobacter species 56.8 (30.8-80.0) 27.70 (17.4-36.4)

Carbapenem-resistant Enterobacter species 8.5 (0.0-0.0) 0.70 (0.0-0.0)

Ceph3-resistant Klebsiella pneumoniae 68.2 (33.3-85.7) 6.20 (0.0-8.0)

Ceph3-resistant Escherichia coli 53.9 (11.1-80.0) 1.3 (0.0-2.6)

Ciprofloxacin/ofloxacin-resistant E coli 42.6 (12.7-78.9) 7.30 (0.0-8.2)
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The next step is to implement targeted basic infection
control practices that have been shown to prevent
HAIs. Increased awareness of the risks of DAI in the
Consortium ICUs, which has been enormously en-
hanced by participation in the INICC,1 is providing
the impetus for instituting positive change: targeted
performance feedback programs for hand hygiene
and CVC, ventilator, and urinary catheter care have al-
ready reduced the incidence of ICU-acquired infec-
tions in many consortium hospitals.21-25 Control of
antibiotic resistance will mandate effective nosoco-
mial infection control and more restrictive use of
antiinfectives.26

If hospitals wish to compare their hospital’s rates
of HAI and DU ratios with those in this report, they
must first collect information from their hospital in
accordance with the methods described for the CDC
NNIS and the INICC.1-3,11-17 They should calculate in-
fection rates and DU ratios for the device-associated
module. Regarding interpretation of percentiles of in-
fection rates or DU ratios, a high rate or ratio (.90th
percentile) does not necessarily define a problem but
suggests an area for further investigation. Similarly, a
low rate or ratio (,10th percentile) may be the result
of suboptimal surveillance. Hospitals should use these
data to guide local prevention strategies and other
quality improvement efforts aimed at reducing HAI
rates as much as possible.

In summary, these data reaffirm that HAIs, espe-
cially DAIs in ICU patients, are a huge and largely un-
recognized threat to patient safety in the developing
world, a far greater threat than in the developed coun-
tries. We hope that the activities of the INICC, with ef-
forts to implement simple and inexpensive measures
for prevention far more consistently, will lead to wider
acceptance of infection control practices and material
reductions in DAIs, not only in the member hospitals
of the Consortium but in the innumerable other hospi-
tals of the developing world.
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Turkey: Asu Özgültekin, Güldem Turan, Nur Akgün
(Haydarpasa Hospital, Istanbul). A. Nevzat Yalcin,
Ozge Turhan, Sevim Keskin (Akdeniz University, Ant-
alya). Özay Arıkan Akan, Melek Tulunay, Mehmet
Oral, Necmettin Ünal (Ankara University School of
Medicine Ibni-Sina Hospital, Ankara). Iftı́har Koksal,
Gürdal Yýlmaz, A. C. Senel, Ebru Emel Sözen (Karade-
niz Technical University School of Medicine, Trabzon).
Nurettin Erben, Ilhan Ozgúnes, Gaye Usluer (Osman-
ganzi University, Eskisehir). Saban Esen, Fatma Ulger,
Canan Aygun, Sukru Kücxüködük (Ondokuz Mayis Uni-
versity Medical School, Samsun). Fatma Sirmatel, Mus-
tafa Cengiz, Leyla Yilmaz (Harran University, Faculty of
Medicine, Sanliurfa). Yesim Cetinkaya Sardan, Gonul
Yildirim, Arzu Topeli (Hacettepe University School of
Medicine, Ankara). Emine Alp, Bilgehan Aygen (Erciyes
University, Faculty of Medicine, Kayseri). Davut Ozde-
mir, Nurse Selvi Erdogan (Duzce Medical School,
Duzce). Sercan Ulusoy, Bilgin Arda, Feza Bacakoglu
(Ege University Medical Faculty, Izmir). Huseyin Turgut,
Suzan Sacar, Demet Ökke (Pamukkale University, Deni-
zli). Recep Öztürk, Yalim Dikmen, Gökhan Aygún, (Is-
tanbul University Cerrahpasa Medical School,
Istanbul).

Uruguay: Alicia Ottonelli, Gonzalo De León (Pay-
sandú Medical Corporation-COMEPA, Paysandú).
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