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Device-associated infection rates in
intensive care units of Brazilian hospitals:
findings of the International Nosocomial
Infection Control Consortium 
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Simone Nouer,4 Sergio Blecher,1 Silvia Buchner-Ferreira,2
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Objectives. To measure device-associated infection (DAI) rates, microbiological profiles,
bacterial resistance, extra length of stay, and attributable mortality in intensive care units
(ICUs) in three Brazilian hospitals that are members of the International Nosocomial Infection
Control Consortium (INICC).
Methods. Prospective cohort surveillance of DAIs was conducted in five ICUs in three city
hospitals in Brazil by applying the definitions of the U.S. Centers for Disease Control and Pre-
vention National Nosocomial Infections Surveillance System (CDC-NNIS).
Results. Between April 2003 and February 2006, 1 031 patients hospitalized in five ICUs for
an aggregate 10 293 days acquired 307 DAIs, a rate of 29.8% or 29.8 DAIs per 1 000 ICU-
days. The ventilator-associated pneumonia (VAP) rate was 20.9 per 1 000 ventilator-days; the
rate for central venous catheter-associated bloodstream infections (CVC-BSI) was 9.1 per 1 000
catheter-days; and the rate for catheter-associated urinary tract infections (CAUTI) was 9.6 per
1 000 catheter-days. Ninety-five percent of all Staphylococcus aureus DAIs were caused by
methicillin-resistant strains. Infections caused by Enterobacteriaceae were resistant to ceftriax-
one in 96.7% of cases, resistant to ceftazidime in 79.3% of cases, and resistant to piperacillin-
tazobactam in 85.7% of cases. Pseudomonas aeruginosa DAIs were resistant to ciprofloxacin
in 71.3% of cases, resistant to ceftazidime in 75.5% of cases, and resistant to imipenem in
27.7% of cases. Patients with DAIs in the ICUs of the hospitals included in this study presented
extra mortality rates of 15.3% (RR 1.79, P = 0.0149) for VAP, 27.8% (RR 2.44, P = 0.0004)
for CVC-BSI, and 10.7% (RR 1.56, P = 0.2875) for CAUTI.
Conclusion. The DAI rates were high in the ICUs of the Brazilian hospitals included in this
study. Patient safety can be improved through the implementation of an active infection con-
trol program comprising surveillance of DAIs and infection prevention guidelines. These ac-
tions should become a priority in every country.
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Surveillance of healthcare-associated
infections (HAI), particularly in the
high-risk hospital setting found in in-
tensive care units (ICU), has allowed
United States hospitals to improve in-
fection control and health care quality
(1). Surveillance has proved effective
in preventing HAI, as documented in
the U.S. Centers for Disease Control
and Prevention (CDC) Study of the Ef-
ficacy of Nosocomial Infections Con-
trol (SENIC) (2). As a result of this ev-
idence, standards for HAI surveillance
and infection control have been devel-
oped and adopted in several industri-
alized countries (3). 

There is increasing scientific evi-
dence that HAIs are a major cause of
patient morbidity and mortality in 
the industrialized world (4). Device-
associated infections (DAIs), particu-
larly ventilator-associated pneumonia
(VAP), central venous catheter-related
bloodstream infection (CVC-BSI), and
catheter-associated urinary tract infec-
tion (CAUTI) pose the greatest threat
to ICU patients (5–7). 

Surveillance of DAIs has become uni-
form thanks to the introduction of the
CDC’s National Nosocomial Infection
Surveillance System (NNIS), which
provides clear, unambiguous defi-
nitions for DAIs (8). Calculating DAI
rates per 1 000 device-days and imple-
menting targeted surveillance allows
for effective comparative assessment of
health care facilities, and provides a
comprehensive overview of problems
to be solved at specific institutions. 

Most studies addressing ICU-
acquired infection have been pub-
lished about health care in industrial-
ized countries (9), but there is a lack of
scientific data showing DAI rates in
developing countries. Uniform defini-
tions are needed to close this gap and
to improve health care standards
(10–15).

Brazil is the largest country in Latin
America, and has the fifth largest pop-
ulation in the world. Health care facil-
ities are beset with common health
problems. These include, but are not
limited to, deficiencies in infrastruc-
ture and a shortage of well-trained
health care workers. Health facilities
suffer from the widespread occurrence

of multidrug-resistant Staphylococcus
aureus and gram-negative bacteria. 

Beginning in 1983, the Brazilian
Ministry of Health has worked to es-
tablish a nation-wide program to con-
trol healthcare-associated infections
(16). In 1994, the Ministry conducted a
national study to evaluate how mea-
sures implemented for HAI control
had affected HAI rates. The study con-
cluded that there was a median inci-
dence of 15.5% for HAI and that 42.5%
of hospitals were engaged in appropri-
ate infection control activities. The
health sector was highly receptive to
the HAI control program and the
study reported an increase in the num-
ber of infection control committees in
health facilities from 7% in 1992 to 43%
in 1993 (17, 18). 

Largely as a result of these initia-
tives, data for infection control condi-
tions and HAI rates from Brazil are
available (19). A study made in 1992 of
a hospital in Belo Horizonte, Brazil,
concluded that the global prevalence
rate of HAI was 14.0%. It also revealed
that pneumonia and surgical-site in-
fections (SSI) were responsible for
19.5% and 19.2% of HAIs, respectively
(20). A group of hospitals, also in Belo
Horizonte, that applied CDC-NNIS
methods from January 1991 to June
1995 reported that the mean rate of
HAI was 5.1% or 9.7 HAI per 1 000
patient-days (21). 

The objective of this study is to up-
date data detecting DAI rates, microbi-
ological profile, bacterial resistance,
extra length of stay, and attributable
mortality from a multi-center study
carried out in three urban hospitals in
Brazil. 

METHODS

Setting

The International Nosocomial Infec-
tion Control Consortium (INICC) is a
nonprofit organization founded in
1998 with the aim to prevent and
reduce DAIs in hospitals in develop-
ing countries by collecting surveil-
lance data on these infections. Hospi-
tals that are INICC members provide

general medical and surgical services
to adults and children hospitalized in
their intensive care units. INICC ap-
plies standardized protocols for data
collection (8, 22). 

This study was conducted from
April 2003 to February 2006 in five
ICUs of three INICC member hospitals
in São Paulo, Porto Alegre, and Rio de
Janeiro, Brazil. Identity of the partici-
pating hospitals remains confidential. 

The infection control team at each
hospital was comprised of a physician,
an infection control practitioner-
surveillance (ICP) nurse, and support
personnel. The person responsible for
DAI surveillance in each institution
had an average of six years experience
in infection control (see Table 1). Every
hospital maintained a clinical microbi-
ology laboratory that provided stan-
dardized in vitro susceptibility testing
of clinical isolates. Patients occupied
beds in a common ward. The ICU
nurse-to-patient ratio was one to three. 

The research study protocol was ap-
proved by the Institutional Review
Board at each health care facility. Pa-
tient confidentiality was protected by
coding the recorded information, with
patient identities known only to the in-
stitutional infection control team. 

Surveillance

Each month, rates of CVC-BSI,
CAUTI, and VAP were recorded, using
definitions established by the CDC Na-
tional Nosocomial Infections Surveil-
lance System (NNIS) (8, 22). 

Definitions 

The following DAI definitions are
adapted from those established by the
CDC National Nosocomial Infections
Surveillance System (NNIS) as re-
ported in Garner et al. (8).

Ventilator-associated pneumonia
(VAP). VAP is indicated in a me-
chanically ventilated patient with a
chest radiograph that shows new or
progressive infiltrates, consolidation,
cavitation, or pleural effusion. The pa-
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tient must also meet at least one of the
following criteria: new onset of puru-
lent sputum or change in character 
of sputum; organism cultured from
blood; or isolation of an etiologic agent
from a specimen obtained by tracheal
aspirate, bronchial brushing or bron-
choalveolar lavage, or biopsy.

Laboratory-confirmed central venous
catheter-associated bloodstream in-
fection (CVC-BSI). Central venous
catheter-associated bloodstream infec-
tion is laboratory-confirmed when a
patient with a CVC has a recognized
pathogen that is isolated from one or
more percutaneous blood cultures
after 48 hours of vascular catheteriza-
tion and is not related to an infection at
another site. The patient also has at
least one of the following signs or
symptoms: fever (temperature ≥ 38 °C),
chills, or hypotension. With skin com-
mensals (for example, diphtheroids,
Bacillus spp., Propionibacterium spp.,
coagulase-negative staphylococci, or
micrococci), the organism is cultured
from two or more blood cultures.

Clinically suspected central venous
catheter-associated bloodstream in-
fection (CVC-BSI). Central venous
catheter-associated bloodstream in-
fection is clinically suspected when a
patient with a CVC has at least one of
the following clinical signs with no
other recognized cause: fever (temper-
ature ≥ 38 °C), hypotension (systolic
blood pressure ≤ 90 mmHg), or oli-
guria (≤ 20 mL/h).

Catheter-associated urinary tract in-
fection (CAUTI). For the diagnosis
of catheter-associated urinary tract in-
fection, the patient must meet one of
two criteria. The first criterion is satis-
fied when a patient with a urinary
catheter has one or more of the fol-
lowing symptoms with no other rec-
ognized cause: fever (temperature 
≥ 38 °C), urgency, or suprapubic ten-
derness. The urine culture is positive
for 105 colony-forming units (CFU)
per mL or more, with no more than
two microorganisms isolated. The
second criterion is satisfied when a
patient with a urinary catheter has 

at least two of the following criteria
with no other recognized cause:
positive dipstick analysis for leuko-
cyte esterase or nitrate and pyuria 
(≥ 10 leukocytes/mL).

Culture techniques 

In all cases, standard laboratory
methods were used to identify mi-
croorganisms, and a standardized sus-
ceptibility test was performed (23).
The following are culture techniques
for VAP, CVC-BSI, and CAUTI. 

VAP. In most cases, a deep tracheal
aspirate from the endotracheal tube was
cultured aerobically and gram-stained.

CVC-BSI. Central venous catheters
were removed aseptically and the dis-
tal 5 cm of the catheter was amputated
and cultured using a standardized,
semiquantitative method (24). Con-
comitant blood cultures were drawn
percutaneously in nearly all cases.

Rev Panam Salud Publica/Pan Am J Public Health 24(3), 2008 197

Salomao et al. • Device-associated infection rates in Brazilian hospitals Original research

TABLE 1. Features of three International Nosocomial Infection Control Consortium member hospitals in Brazil, 
April 2003 to February 2006

Variable Hospital A Hospital B Hospital C Total

Hospitals (number) 1 1 1 3
Academic teaching 0 1 0 1 
Public 1 0 0 1 
Private community 0 0 1 1 

Hospital beds (number) 750 480 180 1 410
Experience of infection control 

practitioners (years) 6 14 9 6–14
Intensive care units (ICUs) (number) 3 1 1 5
ICU type Medical-surgical Medical-surgical Medical-surgical Medical-surgical
ICU beds (number) 35 14 9 58
Surveillance period 10/03 to 10/04 4/03 to 6/03 6/04 to 2/06 4/03 to 2/06
Patients studied (number) 705 142 184 1 031
Total ICU days 7 942 673 1 678 10 293
Male (%) 55.3 52.8 50.5 54.1
Mean age of patient (years) 53.6 55.7 68.1 56.5
Mean ASISa 3.59 2.57 3.90 3.51
Device utilization (DU)b

Ventilator-days 5 344 424 734 6 502
Ratio of ventilator use 0.67 0.63 0.44 0.63
Central venous catheter-days 7 648 620 1 226 9 494
Ratio of central venous catheter use 0.96 0.92 0.73 0.92
Urinary catheter-days 6 768 619 1 430 8 817
Ratio of urinary catheter use 0.85 0.92 0.85 0.86

a ASIS = average severity-of-illness score. 
b Device utilization (DU): DU ratios were calculated by dividing the total number of device-days by the total number of patient-days. Device-days are the total num-

ber of days of exposure to the device (ventilator, central venous catheter, or urinary catheter) by all of the patients in the selected population during the selected
time period. Patient-days are the total number of days that patients are in the ICU during the selected time period.



CAUTI. A urine sample was asepti-
cally aspirated from the sampling port
of the urinary catheter and cultured
quantitatively.

Forms, training, adjudication, 
and data feedback 

Surveillance data were prospec-
tively and actively collected using
forms that were specially designed to
allow adjudication of DAIs. Data
forms were based on the new onset of
fever, beginning of antibiotic therapy,
performance of cultures, and presenta-
tion of hypotension 48 hours after ad-
mission. At each ICU, a patient had a
check-off for every clinical and micro-
biologic criterion for each type of DAI.
This allowed the hospital epidemiolo-
gist or other senior infection control
officer reviewing completed data
forms in the participating hospital to
confirm that in each case adequate cri-
teria for infection were met. Addition-
ally, the original patient data form
could be further assessed at the INICC
headquarters in Buenos Aires before
the reported infection was registered
in the consortium database (10). 

Data on patient demographics, age,
gender, severity of illness score, and
hospital location were gathered at the
beginning of hospitalization. Each
day, the infection control practitioner
(ICP) prospectively and actively col-
lected data on mechanical ventilation,
placement of CVC and urinary
catheters, fever, blood pressure, antibi-
otic use, and the results of cultures on
each patient admitted to the ICU. At
the end of hospitalization, if the pa-
tient had acquired a DAI, the ICP
recorded the date of onset, site of in-
fection, infecting microorganisms, and
their antimicrobial susceptibilities. 

The average severity-of-illness score
(ASIS) was recorded by applying the
CDC Nosocomial Infections Surveil-
lance System criteria. Points were as-
cribed to patients as follows: 1 point for
postoperative patients requiring routine
postoperative observation; 2 points for
physiologically stable patients requir-
ing prophylactic overnight observation;
3 points for patients requiring nursing

and monitoring; 4 points for physiolog-
ically unstable patients requiring inten-
sive nursing and medical care with the
need for frequent reassessment and ad-
justment of therapy; and 5 points for
physiologically unstable patients in
coma or shock, who require cardiopul-
monary resuscitation, or who need in-
tensive medical and nursing care with
frequent reassessment (22).

At each member hospital, research-
ers received training about surveil-
lance procedures from the INICC
Chairman (VDR). A support team at
INICC headquarters in Buenos Aires
answered questions from the investi-
gators in Brazilian facilities within 24
hours; these responses were in turn re-
viewed by the INICC Chairman (10). 

Each month the completed surveil-
lance forms from participating hospi-
tal were sent to INICC headquarters in
Buenos Aires. To ensure that criteria
for DAIs met those established by
CDC NNIS, each form was assessed in
terms of registered signs (fever, blood
pressure), cultures, device use, and
consumption of antibiotics (8, 22). 

The DAIs reported by the hospitals
were adjudicated, i.e., scrutinized to
ensure that sufficient criteria had been
met to record them as DAIs. This in-
cluded examination of data for puta-
tively uninfected patients to detect any
unreported DAIs. When discrepancies
were encountered, the INICC con-
tacted the hospital research teams via
electronic mail; the judgement of the
principal investigator and ICP of the
participating hospital was final. Adju-
dication is a unique feature of the
INICC outcome surveillance compo-
nent and is considered essential not
only to maximize the accuracy of sur-
veillance data, but also to continually
assess the capacity of the ICP and prin-
cipal investigator at each hospital.

Each month, the INICC team pre-
pared individual reports for each par-
ticipating hospital. These reports con-
tained updated data, presented in
charts and tables, showing the hospi-
tals’ DAI rates, microbiological profile,
bacterial resistance, extra mortality by
type of DAI, extra length of stay (LOS),
hand hygiene compliance, and CVC
and urinary catheter care compliance.

Statistical analysis

Outcomes measured during the sur-
veillance period included the incidence
density rate of CVC-BSI, CAUTI, and
VAP. The DAI rates per 1 000 device-
days were calculated by dividing the
total number of DAIs by the total num-
ber of specific device-days and multi-
plying the result by 1 000 (22).

Device utilization (DU) ratios were
calculated by dividing the total number
of device-days by the total number of
patient-days. Device-days are the total
number of days of exposure to the de-
vice (central line, ventilator, or urinary
catheter) by all of the patients in the se-
lected population during the selected
time period. Patient-days are the total
number of days that patients are in the
ICU during the selected time period.

Chi square analyses for dichoto-
mous variables and t-test for continu-
ous variables were used to analyze
baseline differences among rates. Rela-
tive risk (RR) ratios, 95% confidence
intervals (CIs), and P-values were de-
termined for all primary and sec-
ondary outcomes.

The crude excess mortality was cal-
culated as the difference between the
crude mean case-fatality of patients
with a device-associated infection and
the crude case-fatality of patients hos-
pitalized in the ICU during the same
period who did not acquire a device-as-
sociated infection. The extra length of
stay (LOS) is the difference between the
length of stay of patients with a DAI
and the length of stay of patients hospi-
talized in the ICU during the same pe-
riod who did not acquire a DAI.

EpiInfo® version 6.04b (CDC, At-
lanta, Georgia) was used to conduct
data analysis.

RESULTS

During the study period (April 2003
to February 2006), surveillance data
were collected prospectively on 1 031
patients hospitalized for an aggregate
of 10 293 ICU-days in five ICUs in
three hospitals in Brazil. The features
of each ICU, the number of patients
enrolled, ICU-days, and the average
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severity-of-illness score (ASIS) are
shown in Table 1 (24). Mean patient
ASIS was 3.51.

Patients acquired 307 DAIs for a
mean rate of 29.8% or 29.8 infections
per 1 000 ICU-days. CVC-associated
BSI represented 28.0%, VAP repre-
sented 44.3%, and CAUTI represented
27.7% of all DAIs (Table 2).

Device utilization ratio

Device utilization ratio presented a
wide range: mechanical ventilation
utilization ratio ranged from 0.44 to
0.67 (mean, 0.63); CVC utilization ratio
ranged from 0.73 to 0.96 (mean, 0.92);
and urinary catheter utilization ratio
ranged from 0.85 to 0.92 (mean, 0.86)
(Table 1). Distribution by type of device-
associated infection and device utiliza-
tion are shown in Table 2. 

VAP

The rates of VAP ranged from 16.3 to
21.9 per 1 000 ventilator-days, with a
mean rate in the five ICUs of 20.9 per 
1 000 ventilator-days (Table 2). Crude
mortality of patients with VAP was
34.5%, with an extra mortality of 15.3%,
(RR 1.79, 95% CI 1.11–2.89, P = 0.0149).
The LOS of patients without DAI was
5.8 days, and the LOS of patients with
VAP was 16.8 days, yielding an extra
length of stay of 11.0 days (RR 2.91, 95%
CI 2.72–3.13, P < 0.001).

CVC-associated BSI

The rates of BSI varied widely, from
8.1 to 25.8 per 1 000 catheter-days,
with a mean rate of 9.1 per 1 000
catheter-days (Table 2). The crude
mortality of patients with BSI was
47.1%, with an extra mortality of 27.8%
(RR 2.44, 95% CI 1.46–4.09, P = 0.0004).
The LOS of patients with CVC-BSI was
13.0 days, yielding an extra length of
stay of 7.3 days (RR 2.26, 95% CI
2.05–2.49, P < 0.001).

CAUTI

The rates of CAUTI ranged from 4.8
to 11.1 per 1 000 catheter-days, with a
mean rate of 9.6 per 1 000 catheter-days
(Table 2). Crude mortality of patients
with CAUTI was 30.0%, with extra mor-
tality of 10.7% (RR 1.56, 95% CI 0.69–
3.52, P = 0.2875). The LOS of patients
with CAUTI was 14.1 days, yielding an
extra length of stay of 8.3 days (RR 2.44,
95% CI 2.17–2.76, P < 0.001).

Bacterial profile and resistance

The most common agents that caused
DAIs were Enterobacteriaceae (22.8%),
Pseudomonas spp (22.6%), Candida spp.
(15.9%), and Acinetobacter spp. (14.6%).
Staphylococcus aureus (11.3%) and
coagulase-negative staphylococci (8.4%)
were also significant (see Table 3). The
drug resistance of these pathogens to
antibiotics is illustrated in Table 4.

DISCUSSION

Healthcare-associated infections
(HAIs) continue to be a major cause of
patient morbidity and attributable
mortality (4). In addition, health care
costs are significantly increased by
HAIs (4, 25–27). It should be noted that
the incidence of HAIs can be reduced
by as much as 30%, which would re-
sult in a substantial decline in health
care costs. This is supported by stud-
ies conducted in U.S. hospitals where
integrated infection control programs,
including targeted surveillance of
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TABLE 2. DAIsa per 1 000 device-days in ICUsa of three Brazilian International Nosocomial
Infection Control Consortium member hospitals, April 2003 to February 2006

Rate per Rate per
100 1 000

Device DAIs Distribution patients device-days
Infection type Device-days (n) of DAIs (%) (%) (%)b

VAPa MVa 6 502 254 44.3 13.2 20.9
CVC-BSIa CVCa 9 494 26 28.0 8.3 9.1
CAUTIa UCa 8 817 27 27.7 8.2 9.6

a DAI: Device-associated infection; ICU: intensive care unit; VAP: ventilator-associated pneumonia, CVC-BSI: central vascular
catheter-associated blood stream infection; CAUTI: catheter-associated urinary tract infection; MV: mechanical ventilator; UC:
urinary catheter.

b Rate per 1 000 device-days: Rates were calculated by dividing the total number of DAIs by the total number of specific device-
days by all of the patients in the selected population during the selected time period and multiplying the result by 1 000.

TABLE 3. Microbiological profile of DAIsa in
the ICUsa of three International Nosocomial
Infection Control Consortium member hos-
pitals in Brazil, April 2003 to February 2006

Proportion of
Pathogen cases (%)

Enterobacteriaceae 22.8
Pseudomonas spp. 22.6
Candida spp. 15.9
Acinetobacter spp. 14.6
Staphylococcus aureus 11.3
Coagulase-negative 

staphylococci 8.4
Enterococcus spp. 2.5
Stenotrophomonas spp. 0.8
Streptococcus spp. 0.8

a DAI: Device-associated infection; ICU: intensive care unit.

TABLE 4. Resistance of pathogens in the ICUsa of three International Nosocomial Infection
Control Consortium member hospitals in Brazil, April 2003 to February 2006

Bacteria Antibiotic used Percentage resistance

Enterobacteriaceae Ceftriaxone 96.7
Enterobacteriaceae Ceftazidime 79.3
Enterobacteriaceae Piperacillin-tazobactam 85.7
Enterococci Vancomycin 0.0
Pseudomonas aeruginosa Ciprofloxacin 71.3
Pseudomonas aeruginosa Ceftazidime 75.5
Pseudomonas aeruginosa  Imipenem 27.7
Pseudomonas aeruginosa Piperacillin-tazobactam 100
Staphylococcus aureus Methicillin 95.7

a ICU: Intensive care unit.



device-associated infections, have
been implemented (2).

In INICC member hospitals, surveil-
lance is conducted by the use of forms
specially designed to gather patient
data, including patients with and
without DAIs. These forms provide
the ICPs with prompts at every stage
of treatment, and enable them to de-
tect the occurrence of DAIs. The data
contained in the forms include pa-
tient’s temperature, blood pressure,
exposure to invasive devices, cultures
done, and antibiotic use, providing for
an uninterrupted and comprehensive
picture of the patient’s condition in the
ICU. The forms make it possible to
compare patients in terms of age, gen-
der, underlying diseases, service
(medical or surgical), severity-of-
illness score, time of year, and expo-
sure to invasive devices. INICC uses
this information to calculate the added
length of stay (LOS) and resulting hos-
pitalization costs and attributable mor-
tality (10, 12–15, 26–29).

The INICC’s initial efforts have fo-
cused on surveillance in ICUs because
of the extensive use of invasive devices
where patients are exposed to higher
rates of DAIs (3). External adjudication
applied by the INICC results in in-
creased accuracy regarding infections
reported. In most cases, DAIs in ICUs
as defined by the CDC-NNIS System
and the INICC databases are based on
positive cultures. Therefore, it is rea-
sonable to assume that the difference
between the surveillance methodology
implemented by the CDC-NNIS and
the INICC in their ability to detect the
majority of DAIs is not significant. 

Hand hygiene resources and com-
pliance showed significant variation in
INICC member hospitals and ICUs,
ranging from 20% to 70% (30). The
mean rate of hand hygiene compliance
in a recent study carried out in the par-
ticipating ICUs of all INICC member
hospitals was 50% (30). This was simi-
lar to results of recent research studies
conducted in the United States and
Europe (31). Significant variation was
also found in the use of sterile dress-
ings on CVC insertion sites in Peru-
vian INICC member hospitals. Among
the major obstacles to be overcome at

hospitals with limited resources are:
poor hand hygiene compliance, the in-
effective isolation of patients, pro-
tracted use of invasive devices, and
the incorrect positioning of the urine
collection bag (32). 

We compared DAI rates in this
study of five ICUs in INICC member
hospitals in Brazil with pooled rates
for DAIs in the ICUs of U.S. hospitals
included in the CDC’s National
Healthcare Safety Network (CDC-
NHSN) survey results for 2005–2006
(1). In the five ICUs in INICC member
hospitals in Brazil, the mean rate for
CVC-BSI was 9.1 per 1 000 catheter-
days compared with a rate of 2.4 per 
1 000 CVC-days reported in the CDC-
NHSN study; the mean rate for VAP
was 20.9 per 1 000 ventilator-days in
the Brazilian study compared with a
rate of 3.6 per 1 000 ventilator-days
reported in the CDC-NHSN study; 
the rate for CAUTI was 9.6 per 1 000
catheter days in the Brazilian study
compared with the CDC-NHSN rate
of 3.4 per 1 000 catheter-days (1). 

In the Brazilian INICC ICUs, crude
mortality from VAP was 34.5%, with
an extra mortality of patients with
VAP of 15.3%, significantly higher
than patients without DAI. The crude
mortality of patients with BSI was
47.1%, with extra mortality of 27.8%,
also significantly higher than patients
without DAI. However, the extra mor-
tality of patients with CAUTI was
10.7%, which shows no significant dif-
ference when comparing patients
without DAI. These results are similar
to the findings of Clec’h et al. who con-
ducted a study from 1995 to 2007 and
analyzed data of 298 patients with
CAUTI. After matching patients with
and without CAUTI, it was deter-
mined that CAUTI was not associated
with increased mortality (33).

There was a high rate of resistance
to most antibiotics commonly used in
ICUs (Table 4). This may be the result
of inadequate infection control pro-
grams as well as clonal spread of re-
sistance among patients. Control of
antibiotic resistance requires more re-
strictive use of anti-infective agents,
isolation of patients, and more effec-
tive DAI control (34). Additionally,

control of antibiotic resistance might
involve active surveillance of ad-
mitted patients, as some DAIs are
community-acquired infections which
colonize in patients and become insti-
tutionalized (34).

Some of the factors affecting high
DAI rates in Brazilian ICUs included
in this study have been addressed in
other studies conducted in developing
countries (20, 21). First, it should be
taken into account that most develop-
ing countries lack the legal framework
or standards governing the implemen-
tation of infection control programs. In
the few cases where infection control
standards are in force, compliance is
lacking. Additionally, hospital accred-
itation and national infection control
surveillance are not compulsory. Sec-
ond, hand hygiene compliance in most
health care facilities presents highly
variable rates (30, 35, 36). Third, the
great majority of hospitals in develop-
ing countries receive limited financial
or administrative support, resulting in
a scarcity of necessary funds to deal
with infection control (37). Fourth, the
low nurse-to-patient staffing ratio in
hospitals in developing countries com-
pared with hospitals in industrialized
countries is one of the factors con-
tributing to the high DAI rates in ICUs
(38). This situation is exacerbated by
the fact that wards are over-crowded,
nurses lack experience, there is a short-
age of trained personnel, and supplies
are lacking. 

DAI surveillance is the first measure
to be taken to reduce the threat of
DAIs in hospitalized patients (2). Next,
basic infection control should be prac-
ticed for effective prevention of DAIs
(39, 40). There is evidence that signifi-
cant improvement occurs in health fa-
cilities where efforts are made to im-
part awareness and knowledge about
the problem of DAIs in their ICUs.
Feedback programs for hand hygiene
compliance show substantially low-
ered rates in healthcare-associated in-
fections. In several of the INICC mem-
ber hospitals there is evidence that
attention to the use of CVC and uri-
nary catheters has brought about sig-
nificant declines in the incidence of
DAIs (28, 35, 36, 41-44).
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Limitations

This study has several limitations.
First, the data collected during the
three-year study are not generally rep-
resentative of all of Brazil’s health care
facilities. They do represent, however,
comprehensive surveillance of five
ICUs in three hospitals in three cities,
so the study’s findings are useful for
the design of infection control strate-
gies. Second, APACHE severity-of-
illness scores were not used because
there were not enough resources for
the labor-intensive calculation of this
score. Finally, similar to other cohort
studies, hospitals initiated clinical sur-
veillance at different periods and sur-
veillance was suspended at certain
times, resulting in the lack of simulta-
neously collected data from all hospi-
tals enrolled in this study. 

Conclusion

Healthcare-associated infections
pose a huge and under-recognized
threat to patient safety in developing
countries. It is hoped that interven-
tions such as the surveillance of DAIs
described in this study, together with
simple and inexpensive infection pre-
vention measures already being im-
plemented, will lead to broad accep-
tance of infection control programs in
all INICC member hospitals. This
would significantly reduce all types of
DAIs, particularly those acquired in
ICUs. 
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Objetivos. Determinar las tasas de infección asociadas a aparatos (IAA), los perfiles micro-
biológicos, la resistencia bacteriana, la estancia hospitalaria adicional y la mortalidad atribui-
ble en las unidades de cuidados intensivos (UCI) de tres hospitales brasileños miembros de
la Comunidad Científica Internacional de Control de Infecciones Nosocomiales (INICC).
Métodos. Se realizó una vigilancia prospectiva de cohorte de las IAA en cinco UCI de tres
hospitales urbanos de Brasil, según las definiciones del Sistema Nacional de Vigilancia de In-
fecciones Nosocomiales de los Centros para el Control y la Prevención de Enfermedades
(CDC-NNIS) de los Estados Unidos de América.
Resultados. Entre abril de 2003 y febrero de 2006 se hospitalizaron 1 031 pacientes en las
cinco UCI estudiadas, con un total de 10 293 días en los que se adquirieron 307 IAA, para una
tasa de 29,8% (29,8 IAA por 1 000 días-UCI). Las tasas fueron: de 20,9 casos por 1 000 días-
ventilador en neumonía asociada a respiradores (NAR); de 9,1 por 1 000 días-catéter en in-
fecciones circulatorias asociadas con cateterismo venoso central (IC-CVC); y de 9,6 por 1 000
días-catéter en infecciones urinarias asociadas con el uso de catéteres (IUAC). De las IAA cau-
sadas por Staphylococcus aureus, 95% se debieron a cepas resistentes a la meticilina. De las in-
fecciones causadas por Enterobacteriaceae, 96,7% fueron resistentes a la ceftriaxona, 79,3% a
la ceftazidima y 85,7% a la combinación piperacilina-tazobactam. De las IAA causadas por
Pseudomonas aeruginosa, 71,3% resultaron resistentes a la ciprofloxacina, 75,5% a la ceftazidima
y 27,7% al imipenem. Los pacientes con IAA en las UCI estudiadas presentaron tasas de mor-
talidad adicional de 15,3% (riesgo relativo [RR] = 1,79; P = 0,0149) por NAR, 27,8% (RR =
2,44; P = 0,0004) por IC-CVC y 10,7% (RR = 1,56; P = 0,2875) por IUAC.
Conclusiones. Las tasas de IAA en las UCI de los hospitales brasileños estudiados fueron ele-
vadas. Se puede mejorar la seguridad de los pacientes mediante la implementación de un pro-
grama de control activo de las infecciones, que contemple la vigilancia de las IAA y directivas
para la prevención de las infecciones. Estas acciones deben ser una prioridad en todos los países.

Infecciones bacterianas, infección hospitalaria/epidemiología, farmacorresistencia bacteriana,
hospitales, control de infecciones, profesionales para control de infecciones, unidades de tera-
pia intensiva, tiempo de internación, mortalidad, Brasil.

RESUMEN

Tasa de infecciones asociadas
a aparatos en unidades 
de cuidados intensivos 

de hospitales brasileños:
datos de la Comunidad

Científica Internacional de
Control de Infecciones

Nosocomiales
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