
F
(

A
i
N
F

v

D
i
o
c
t
t
o

0

C
C

d

Device-associated nosocomial infections
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Need: The rates of health care-associated infections (HAIs) and bacterial resistance in developing countries are 3 to 5 times higher
than international standards. HAIs increase length of stay (10 days), costs (US $5000 to US $12,000), and mortality (by a factor of 2
to 3).
Organization: The International Nosocomial Infection Control Consortium (INICC), founded in 1998, is the only source of aggre-
gated international data on the epidemiology of device-associated infections (DAIs). Its advisory board includes 12 representatives
from developed countries, who help guide INICC’s activities, and 8 country coordinators. The INICC network has about 5400 active
researchers in 98 intensive care units (ICUs) in 18 countries on 4 continents that conduct infection control research and surveil-
lance using standardized DAI surveillance definitions and methodologies.
Surveillance: Participating hospitals use the Centers for Disease Control and Prevention (CDC) surveillance method and DAI def-
initions. Unlike the CDC, the INICC collects data from patients with and without DAI and matches patients to evaluate risk factors,
attributable mortality, length of stay, and costs and conducts process surveillance to measure and improve compliance with infec-
tion control guidelines.
Results: INICC’s surveillance at 98 ICUs in 18 limited resources countries on 4 continents for 10 years has significantly improved
infection control guidelines compliance and reduced DAI rates and mortality rates. After 11 years of implementing process surveil-
lance intervention in 77 ICUs of 34 cities of 14 countries, including observation of 88,661 opportunities for hand hygiene, educa-
tion, performance monitoring, feedback, and peer support from high-level hospital administrators, hand-hygiene compliance
among ICU healthcare workers increased from 35.1% to 60.7% (RR 1.73, P , 0.01). In 78 ICUs of 37 cities of 13 countries, by
implementing outcome and process surveillance interventions, INICC reduced central line associated bloodstream infection
(CLAB) rates from 16.1 to 10.1 CLABs per 1000 CL days (RR: 0.63, P , 0.01), ventilator associated pneumonia (VAP) from 22.5
to 18.6 VAPs per1000 device days (RR: 0.83, P , 0.01), and catheter associated urinary tract infections (CAUTI) rates from 8.2
to 6.9 CAUTIs per 1000 device days (RR: 0.85, P 5 0.02).
Conclusion: Implementation of INICC outcome and process surveillance, education, monitoring and performance feedback meth-
odologies increases compliance with hand hygiene and other infection-control interventions and reduces rates of DAIs. (Am J Infect
Control 2008;36:S171.e7-S171.e12.)
Health care-associated infections (HAIs) increase
mortality, length of stay, costs of care, bacterial
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resistance, antibiotic usage, and other adverse
events.1-14 The International Nosocomial Infection
Control Consortium (INICC), founded in 1998, focused
its initial efforts on surveillance of device-associated
infections (DAIs) in the intensive care unit (ICU) to ad-
dress the health care setting with the most vulnerable
patients, the most exposure to invasive devices, and
the highest rates of DAIs. The lack of knowledge regard-
ing DAIs in developing countries and the need for more
accurate measurement of DAI risks and outcomes in
specific patient groups led to the introduction of the IN-
ICC surveillance components. Hospitals participating
in the INICC have the flexibility to design their own sur-
veillance programs by selecting components and mod-
ules to be used for the period of time they desire.15 The
INICC began when selected hospitals were invited to
routinely report their HAI surveillance data for aggrega-
tion into an international database1-14 and is the only
source of aggregated international data on the epidemi-
ology of DAIs worldwide.
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INICC

Mission

The INICC is an international scientific community
that works interactively through a network aiming at
reducing HAIs.15

Values

The INICC considers HAIs to pose a global problem
that requires the attention of the international scien-
tific community and considers that infection control
is feasible on the basis of evidence-based medicine;
heeding regional diversity; educating and providing
the medical community with enlightening informa-
tion; and providing tools eligible for systematic mea-
surement, control, and prevention. The INICC
considers that health care safety and quality are in-
alienable rights of the patient and the patient’s environ-
ment that cannot be violated or ignored. The INICC
considers that extra costs attributable to extra length
of hospital stay and consumption are avoidable, and,
therefore, public and hospital policies should assume
responsibility for them. We trust the promotion of sci-
entific research to find effective and legitimate
answers.15

Vision

The INICC vision is of a society with the minimum
incidence of HAIs, a society that recognizes the legiti-
mate right of a hospitalized patient to be delivered
safe health care, and a society in which the scientific
and medical community works for the safeguard of
good infection control and surveillance practices.15

Goals

The INICC has the following goals:

d Create a global network to conduct DAI surveillance
using standardized surveillance definitions and
methodologies, promote evidence-based infection
control practices that can be used locally to prevent
DAIs, and to conduct infection control research;

d assist hospitals and other health care organizations
in developing surveillance methods that permit
timely recognition of patient safety problems and in-
tervention with appropriate control measures;

d provide training and tools to hospitals and other
health care organizations to conduct outcome and
process surveillance to measure DAIs, their conse-
quences, and the impact of implementing infection
control practices;

d improve the safety and quality of care at health care
facilities through implementation of programs to re-
duce health care worker and patient DAI rates,
associated mortality, lengths of stay, costs, and bacte-
rial resistance;

d measure relevant trends in DAIs in hospitals globally
and facilitate intra- and interhospital comparisons
with risk-adjusted data that can be used for local
and national quality improvement activities;

d train health care workers to improve their skills for
research activities;

d support and advise infection control personnel in in-
dividual hospitals on research projects;

d design and coordinate prospective studies to analyze
the clinical impact and cost-effectiveness of proven
and new low-cost infection control interventions;

d produce innovative, relevant, scientific, evidence-
based knowledge for the diagnosis, surveillance, pre-
vention, and control of DAIs; and

d improve the therapeutic and prophylactic use of anti-
infective agents to help control antimicrobial
resistance.15
Resources

The INICC organizational structure includes re-
searchers, headquarters team (HQT), INICC country co-
ordinators, and INICC Advisory Board members. Their
approximately 5400 researchers worldwide are infec-
tion control professionals (ICPs) and hospital epidemi-
ologists (HEs) who collect data from ICUs and send the
completed forms to INICC headquarters in Buenos
Aires. The 9-person HQT supports researchers by vali-
dating and adjudicating the DAIs, entering the data
into specialized software, analyzing the data, generat-
ing charts, sending charts to researchers on a monthly
basis, and answering queries. Approximately 30 scien-
tific abstracts and 5 manuscripts are drafted at INICC
headquarters every year and submitted to scientific
meetings and peer review journals, respectively. The
INICC country coordinators are 8 representatives and
the board members of local infection control societies,
who recruit and advise local hospitals worldwide. The
INICC Advisory Board is composed of 12 representa-
tives from infection control international organizations
in developed countries, who guide and advise INICC ac-
tivities. INICC holds 2 meetings every year with the
country coordinators and advisory board members.15

METHODS

Since the inception of the INICC, participating hospi-
tals have applied the surveillance method and DAI def-
initions developed by the Centers for Disease Control
and Prevention (CDC), Atlanta, GA.16-18 Unlike the
CDC National Nosocomial Surveillance System (NNIS),
the INICC collects data from patients with and without
DAIs; detects risk factors; matches patients to evaluate



Rosenthal December 2008 S171.e9
attributable mortality, length of stay, and costs; and
conducts process surveillance to measure and improve
compliance with infection control guidelines.
ADJUDICATION

The CDC National Healthcare Safety Network
(NHSN) in United States hospitals and the surveillance
systems implemented in several other countries use
one data form to collect device-days and bed-days of
an ICU population and another form to collect data
from patients with DAIs acquired in the ICU. INICC
uses DAI adjudication to determine the accuracy of
the ICPs and HEs to detect DAIs at the hospital level.
For this reason, unlike the NHSN system, INICC surveil-
lance forms are designed to collect data from all pa-
tients, with or without DAIs.19 Because the forms
provide an overview of what is happening every day
to every patient in the ICU, they continuously prompt
the surveillance officer to suspect DAIs. Outcome sur-
veillance form No. 1 is used to collect daily data includ-
ing (1) the patient’s temperature; (2) blood pressure, (3)
exposure to invasive devices central line, (4) urinary
catheter, (5) mechanical ventilator, (6) antibiotic use,
(7) cultures, and (8) presence of clinical pneumonia.
The INICC also collects (9) culture results and (10) bac-
terial resistance profiles. Each month, the INICC HQT
reviews all submitted forms and compares cases of sus-
pected DAIs with the diagnosis made by the ICPs and
HEs at every participating hospital. INICC HQT sends
the ICPs and HEs a list of queries concerning the pa-
tients with suspected infections, and the ICPs and
HEs again review the medical charts and laboratory re-
ports to validate the presence or absence of suspected
DAIs. This approach is especially useful in cases in
which cultures have not been done or the culture re-
sults are equivocal or negative, as with pneumonia or
sepsis, and otherwise might not be recognized as DAIs.15

RESULTS

For 10 years, the INICC has conducted outcome and
process surveillance at 98 ICUs in 18 developing coun-
tries on 4 continents. This has significantly improved
infection control guidelines compliance, DAI rates,
and mortality rates.13
Outcome surveillance

Medical-surgical ICUs. Analysis of data from medi-
cal-surgical ICUs in the INICC showed rates of 8.92
catheter-associated bloodstream infections (CLABs)/
1000 CL-days, 19.8 ventilator-associated pneumonia
(VAP)/1000 ventilator-days, and 6.49 catheter-associ-
ated urinary tract infections (CAUTIs)/1000 urinary
catheter-days.13 The infection rates in CDC NHSN med-
ical-surgical ICUs published in 2007 were 2.4 CLABs/
1000 CVC-days, 3.4 CAUTIs/1000 catheter-days, and
3.62 VAPs/1000 ventilator-days.19 The INICC found
that in developing countries, the CR-BSI rate is 4.86
times higher, the VAP rate is 5.5 times higher and,
CAUTI rate 1.9 times higher than CDC NHSN rates.

Coronary ICUs. In coronary ICUs of the INICC, anal-
ysis of data showed rates of 9.9 CLABs/1000 CVC-days,
20.2 VAPs/1000 ventilator-days, and 6.4 CAUTIs/1000
urinary catheter-days.13 By comparison, in CDC NHSN
coronary ICUs, the rates were 2.8 CR-BSIs/1000 CVC-
days, 4.6 CAUTIs/1000 catheter-days, and 2.8 VAPs/
1000 ventilator-days.13 The INICC found that in devel-
oping countries, the rate of CLABs are 3.5 times higher;
VAPs are 7.2 times higher; and CAUTIs are 1.39 times
higher than the CDC NHSN rates.

Pediatric ICUs. In pediatric ICUs in the INICC, analy-
sis of data found the following rates: 6.9 CLABs/1000
CVC-days, 7.98 VAPs/1000 ventilator-days, and 4.03
CLABs/1000 urinary catheter-days.9,18-21 In CDC-
NHSN pediatric ICUs, the rates were 5.3 CLABs/1000
CVC-days, 5.2 CAUTIs/1000 catheter-days, and 2.5
VAPs/1000 ventilator-days.17 The INICC found that in
developing countries, the CLAB rate is 1.3 times higher;
VAP is 3.16 times higher, and CAUTI is 0.76 times lower
than the CDC-NHSN rates.

Neonatal ICUs. In the neonatal ICUs in the INICC,
analysis of data showed the following rates: 15.2
CLABs/1000 CVC-days, and 6.68 VAP/1000 ventilator-
days.13 In the CDC NHSN neonatal ICUs (birth weight,
1.500-2.500 g) showed the following rates: 4.2 CLAB/
1000 CVC-days and 1.1 VAP/1000 ventilator-days.17

The INICC found that in developing countries, the
CLAB rate is 3.6 times higher and the VAP rate is 6.07
times higher than the CDC NHSN rates.

Resistance rates. Aggregated data from all INICC
ICUs showed the following resistance rates: 80.8% of
all Staphylococcus aureus were methicillin-resistant
Staphylococcus aureus (MRSA), 36.6% of Pseudomonas
spp were resistant to imipenem, 52.4% were resistant
to ciprofloxacin/ofloxacin, 56.8% of Enterobacter spp
were resistant to ceftazidime, and 68.2% of Klebsiella
spp were resistant to ceftazidime.13 In CDC NNIS
ICUs, the resistance rates published in 2004 showed
that 52.9% of all Staphylococcus aureus were MRSA,
19.1% of Pseudomonas spp were resistant to imi-
penem, 34.8% were resistant to ciprofloxacin/ofloxa-
cin, 27.7% of Enterobacter spp were resistant to
third-generation cephalosporins, and 6.2% of Klebsi-
ella spp were resistant to third-generation cephalospo-
rins.20 The INICC found that MRSA was 1.52 higher,
Pseudomonas spp resistance to imipenem was 1.91
higher, resistance to ciprofloxacin/ofloxacin was
1.45 higher, resistance of Enterobacter spp to
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third-generation cephalosporins was 2.05 higher, and
Klebsiella spp resistance to third-generation cephalo-
sporins was 11 higher than in CDC NNIS ICUs.
Process surveillance

Hand-hygiene compliance. Over the past 11 years,
the INICC has collected data on 88,661 hand hygiene
(HH) opportunities in 14 limited resources countries
(Argentina, Brazil, Colombia, Costa Rica, El Salvador,
India, Kosovo, Nigeria, Mexico, Morocco, Pakistan,
Peru, Philippines, and Turkey). The overall HH rate
was 54.7%. Stratified by variable, HH compliance was
56.9% for women and 49.1% for men (RR 1.16, P ,

0.01); 58.3% for nurses, 50.3% for physicians, and
44.9% for ancillary staff (nurses vs. physicians: RR
1.16, P , 0.01; nurses vs. ancillary staff: RR 1.3, P ,

0.01; physicians vs. ancillary staff: RR 1.12, P , 0.01);
54.2% in adult ICUs, 56.9% in pediatric ICUs, and
64.6% in neonatal ICUs (neonatal vs. adult: RR 1.19,
P , 0.01; neonatal vs. pediatric: RR 1.14, P , 0.01; pe-
diatric vs. adult: RR 1.05, P , 0.12); 60.1% before inva-
sive procedure and 51.9% before non-invasive
procedure (RR 1.16, P , 0.01).21

Implementation of an INICC intervention that in-
cluded HH observation, education, performance moni-
toring, feedback, and peer support from high-level
hospital administrators significantly increased HH
compliance from 35.1% to 60.7% (RR, 1.73; P ,

0.01) among ICU health care workers.21

Outcome improvement

The goal was to determine the effect of outcome and
process surveillance (intervention) on the rate of DAI in
78 ICUs, of 37 cities, of 13 limited resources countries
(Argentina, Brazil, Colombia, Costa Rica, Cuba, El Sal-
vador, India, Macedonia, Mexico, Morocco, Philippines,
Peru, and Turkey). For CLAB and CAUTI reduction anal-
ysis the INICC included those ICUs that were in the
study for at least 6 months, and for VAP reduction anal-
ysis the INICC included those ICUs that were in the
study for at least 16 months. Patient’s characteristics
were similar over the two periods. CLAB rates were re-
duced significantly from 16.1 to 10.1 CLABs per 1000
CL days (RR, 0.63; 95%CI, 0.57–0.70; P , 0.01). CAUTI
rates were reduced significantly from 8.2 to 6.91 CAU-
TIs per 1000 device days (RR, 0.85; 95%CI, 0.73–0.98;
P , 0.01). VAP rates were reduced significantly from
22.5 to 18.6 VAPs per 1000 device days (RR,0.83;
95%CI, 0.74–0.92; P , 0.01).22

Global outcomes

d INICC has successfully achieved its goals.
d INICC is now an international research organization
comprising advisory board members, country coor-
dinators, and researchers collecting hospital-level
data.

d INICC has networked 5400 researchers in 98 ICUs in
18 countries on 4 continents, conducted surveillance
using standardized DAI surveillance definitions and
methodologies, promoted evidence-based infection-
control practices used locally to prevent DAIs, and
carried out infection-control research.

d INICC has assisted hospitals and other health care or-
ganizations such as the World Health Organization,
infection-control societies, ministries of health, uni-
versities, and medical colleges in developing surveil-
lance and other methods that permit timely
recognition of patient safety problems and interven-
tion with appropriate control measures.

d INICC has provided training and tools to 98 ICUs and
other health care organizations to conduct outcome
and process surveillance to measure DAIs, their con-
sequences, and the impact of implementing infection
control practices.

d INICC has improved the safety and quality of health
care at health care facilities through the implementa-
tion of systematic programs to reduce DAI rates, asso-
ciated mortality, excess lengths of stay and costs, and
bacterial resistance.

d INICC has measured relevant trends in DAIs in hospi-
tals around the world and facilitated intra- and inter-
hospital comparisons with risk-adjusted data that
can be used for local and nationwide quality im-
provement activities.

d INICC has trained health care workers to improve
their skills for research activities.

d INICC has supported and advised infection control
personnel in individual hospitals on research
projects.

d INICC has conducted studies to analyze the impact
and cost effectiveness of low-cost infection control
interventions.

d INICC has produced innovative, relevant, scientific,
evidence-based knowledge with regard to the diagno-
sis, surveillance, prevention, and control of DAIs.

d INICC has reduced and improved antibiotic usage to
help control antimicrobial resistance.

d INICC has published in peer review journals and pre-
sented at scientific meetings previously unknown
DAI rates, attributable mortality, increased length of
stay, increased costs, microorganism profile, and bac-
terial resistance.

d INICC has significantly increased HH compliance and
invasive devices care compliance.

d INICC has achieved substantial reductions in DAI
rates and in the morbidity and mortality associated
with DAIs.
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Key events

d October 2006: The INICC published its first Global Re-
port in the Annals of Internal Medicine and became
the standard benchmark for HAI rates in developing
countries.

d February 2007: The INICC established a research
foundation, which will conduct fundraising to help
hospitals without resources to conduct HAI surveil-
lance and to finance INICC headquarters and new IN-
ICC developments.

d April 2007: The INICC convenes twice-yearly meet-
ings with INICC Advisory Board members and coun-
try coordinators.

d July 2008: The INICC web page is available in English,
Spanish, and Mandarin.

d November 2008: The INICC published its first annual
report in AJIC.

d November 2008: The INICC published its goals,
methods, and operational procedures in AJIC.

d February 2009: Launch of the new online software
database developed by INICC enables INICC re-
searchers to upload data and retrieve epidemiologic
and statistical information in the form of tables and
charts. The database enables the researchers world-
wide to retrieve mathematical; epidemiologic; and
statistical analyses stratified by ICU, work shift, gen-
der, age, severity of illness score, and many other var-
iables as tables, charts, and other reports.
CONCLUSION

In developing countries, rates of DAIs and bacterial
resistance are 3 to 5 times higher than international
standards. DAIs increase length of stay (10 days), costs
(US $5000 to US $12,000), and mortality by 2-fold. Im-
plementation of INICC process surveillance, education,
and performance feedback methodologies increased
compliance with HH and other infection-control inter-
ventions and reduced DAI rates.
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