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ABSTRACT

Key words

Objectives. To measure device-associated infection (DAI) rates, microbiological profiles,
bacterial resistance, and attributable mortality in intensive care units (ICUs) in hospitals in
Peru that are members of the International Nosocomial Infection Control Consortium (INICC).
Methods. Prospective cohort surveillance of DAIs was conducted in ICUs in four hospitals
applying the definitions for nosocomial infections of the U.S. Centers for Disease Control and
Prevention National Nosocomial Infections Surveillance System (CDC-NNIS) and National
Healthcare Safety Network (NHSN).

Results. From September 2003 to October 2007 1 920 patients hospitalized in ICUs for
an aggregate of 9 997 days acquired 249 DAIs, accounting for a rate of 13.0% and 24.9 DAIs
per 1000 ICU-days. The ventilator-associated pneumonia (VAP) rate was 31.3 per 1 000
ventilator-days; the central venous catheter-associated bloodstream infections (CVC-BSI) rate
was 7.7 cases per 1 000 catheter-days; and the rate for catheter-associated urinary tract infec-
tions (CAUTI) was 5.1 cases per 1 000 catheter-days. Extra mortality for VAP was 24.5%
(RR 2.07, P < 0.001); for CVC-BSI the rate was 15.0% (RR 2.75, P = 0.028). Methicillin-
resistant strains accounted for 73.5% of all Staphylococcus aureus DAIs; 40.5% of the En-
terobacteriaceae were resistant to ceftriaxone, 40.8% were resistant to ceftazidime, and 32.0%
were resistant to piperacillin-tazobactam. Sixty-five percent of Pseudomonas aeruginosa
isolates were resistant to ciprofloxacin, 62.0% were resistant to ceftazidime, 29.4% were re-
sistant to piperacillin-tazobactam, and 36.1% were resistant to imipenem.

Conclusions. The high rates of DAIs in the Peruvian hospitals in this study indicate the need
for active infection control. Programs consisting of surveillance of DAIs and implementation of
guidelines for infection prevention can ensure improved patient safety in the ICUs and through-
out hospitals.

Bacterial infections; cross infection/epidemiology; drug resistance, bacterial; hospi-
tals; infection control; intensive care units; length of stay; mortality; Peru.
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In infection control and quality as-
surance of hospitals in the United
States, surveillance of device-associated
infections (DAISs) in the intensive care
unit (ICU) is considered a determining
characteristic of infection control pro-
grams (1). The Study on the Efficacy of
Healthcare-associated Infection Con-
trol (SENIC Project) carried out by the
US. Centers for Disease Control and
Prevention (CDC) concludes that sur-
veillance is an effective means to re-
duce healthcare-associated infections
(2). Similarly, in many other industrial-
ized countries surveillance standards
have been devised and form an integral
part of their health care policies (3).

An increasing number of research
studies indicate that DAIs are a primary
cause of patient morbidity and mortal-
ity in industrialized countries, and are
the most significant threat to safety in
the ICU (4-6). The CDC’s National
Nosocomial Infections Surveillance
System (NNIS) has developed stan-
dardized criteria for the surveillance of
healthcare-associated infections (7).
Constant, targeted surveillance along
with calculation of DAI rates per 1 000
device-days provide a basis for compar-
ison among health care facilities. This
gives health care providers a compre-
hensive understanding of the institu-
tional problems confronting them, and
a way to resolve these problems.

In the context of an expanded frame-
work for DAI control, most relevant
studies of ICU-acquired infections have
been carried out in industrialized coun-
tries (8). In developing countries few
published studies use standardized de-
finitions when reporting DAI rates
(9-14). The International Nosocomial
Infections Control Consortium (INICC)
was founded in 1998 to address these is-
sues in developing countries, by deter-
mining the incidence of DAIs in tertiary
care centers. Initially, certain Latin
American hospitals were invited to par-
ticipate in the INICC project, and today,
the INICC comprises a worldwide net-
work of around 400 researchers repre-
senting 100 hospitals in 29 countries of
Latin America, Asia, Africa, and Eu-
rope. INICC member hospitals provide
general medical and surgical inpatient
services to adults and children.

In the case of Peru, there are no pre-
viously published data measuring
DAI rates. Peruvian hospitals began
INICC participation in September
2003. Each month, selected health care
facilities sent data to the INICC re-
search center, which were then en-
tered into an international database.
The data were collected using DAI
surveillance and standardized proto-
cols (7, 15). The findings of this study
in Peru are integral to INICC surveil-
lance and reflect data collected from
September 2003 to October 2007.

MATERIALS AND METHODS

Setting

The present study was conducted in
four ICUs at four hospitals in Peru
from September 2003 to October 2007.
Identity of the participating hospitals
remains confidential.

The infection control team in each
hospital consists of a physician, an in-
fection control practitioner (ICP), a
surveillance nurse, and support per-
sonnel. An ICP with at least two years
of infection control experience is in
charge of DAI surveillance at the hos-
pital and can access electronically
recorded data for each patient. These
data are encoded to protect patient
confidentiality and are identifiable
only to the infection control team of
the respective hospital. In addition,
every hospital has a clinical microbiol-
ogy laboratory which provides in vitro
susceptibility testing of clinical isolates
using standardized methods (16).

The protocol regulating the study
was agreed upon by the Institutional
Review Board at each hospital.

The study settings consisted of com-
mon wards with patient beds. There
were no private patient rooms. Nurse-
to-patient staffing ratio was one nurse
per three patients.

Surveillance

Each day, data were collected
prospectively from all the patients ad-
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mitted to the ICUs by means of specif-
ically designed forms. The data were
gathered according to the definitions
provided by the CDC National Noso-
comial Infections Surveillance System
(NNIS) (7, 15).

Definitions

The following definitions are adapted
from the CDC National Nosocomial
Infections Surveillance System (NNIS)
as reported in Garner et al. (7).

Ventilator-associated = pneumonia
(VAP). Ventilator-associated pneu-
monia is indicated in a mechanically
ventilated patient with a chest radi-
ograph that shows new or progressive
infiltrates, consolidation, cavitation, or
pleural effusion. The patient must also
meet at least one of the following crite-
ria: new onset of purulent sputum or
change in character of sputum; organ-
isms cultured from blood; or isolation
of an etiologic agent from a specimen
obtained by tracheal aspirate, bron-
chial brushing or bronchoalveolar
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 catheterization
and which 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 infec-
tion is clinically suspected when a pa-
tient with a CVC has at least one of the
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following clinical signs with no other
recognized cause: fever (temperature
> 38 °C), hypotension (systolic blood
pressure < 90 mmHg), or oliguria
(£20 mL/h).

Catheter-associated urinary tract in-
fection (CAUTI). For the diagnosis of
catheter-associated urinary tract infec-
tion, the patient must meet one of two
criteria. The first criterion is satisfied
when a patient with a urinary cath-
eter has one or more of the following
symptoms with no other recognized
cause: fever (temperature > 38 °C), ur-
gency, or suprapubic tenderness. The
urine culture is positive for 10° colony-
forming units (CFU) per mL or more,
with no more than two microorgan-
isms isolated. The second criterion is
satisfied when a patient with a urinary
catheter has at least two of the fol-
lowing criteria with no other recog-
nized cause: positive dipstick analysis
for leukocyte 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 (16).
The following are culture techniques
for VAP, CVC-BSI, and CAUTL

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

Central venous catheter-associated
bloodstream infection (CVC-BSI).
Central venous catheters were re-
moved aseptically and the distal 5 cm
of the catheter was amputated and cul-
tured using a standardized, semi-
quantitative method (17). Concomitant
blood cultures were drawn percuta-
neously in nearly all cases.

Catheter-associated urinary tract in-
fection (CAUTI). A urine sample
was aseptically aspirated from the
sampling port of the urinary catheter
and cultured quantitatively.
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Forms, training, adjudication,
and data feedback

Data relating to patient demograph-
ics, age, gender, severity-of-illness score,
and hospital location were gathered at
admission to the ICU. Additionally,
data on mechanical ventilation, place-
ment of CVC and urinary catheters,
fever, blood pressure, antibiotic use, and
the results of cultures for each patient
hospitalized at the ICU were collected
daily. Once hospitalization ended, the
ICP recorded the date of onset, site of in-
fection, infecting microorganisms, and
antimicrobial susceptibilities of the pa-
tients who had acquired a DAL

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 pa-
tients requiring prophylactic overnight
observation; 3 points for nursing and
monitoring; 4 points for physiologi-
cally 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 (15).

Researchers from each participating
hospital in Peru received comprehen-
sive training in active, prospective sur-
veillance procedures. They had ongo-
ing assistance from a support team at
the INICC headquarters in Buenos
Aires who answered relevant queries—
further checked by the INICC Chair-
man—within 24 hours of reception.

Every month, the participating hos-
pitals sent completed surveillance
forms to the INICC office in Buenos
Aires where the validity of each case
was checked against recorded symp-
toms (fever, blood pressure) and cul-
tures. This process ensured that the
criteria for DAI as provided by the
CDC NNIS had been met (7, 15).

Each DAI reported by a hospital
was adjudicated to be certain that suf-

ficient criteria were fulfilled to justify
recording it as a DAI The adjudication
process also included routine scrutiny
of the reported data for purportedly
uninfected patients to detect unre-
ported, true DAIs. When discrepan-
cies were encountered in surveillance
forms, the hospital team was contacted
by e-mail to resolve the difference; the
judgment of the principal investigator
and ICP of the participating hospi-
tal was final. Adjudication is a unique
feature of INICC outcome surveillance
and is considered essential not only for
maximizing the accuracy of surveil-
lance data, but also, for assessing on an
ongoing basis the capacity of the ICP
and principal investigator at each hos-
pital to accurately identify DAISs.

On a monthly basis, the INICC Head-
quarters team prepared and sent to each
participating hospital a report on their
institutional rates of device-associated
infection, bacterial profile, bacterial re-
sistance, length of stay, and mortality in
their ICU or ICUs. The report also in-
cluded rates of compliance with hand
hygiene, CVC and urinary catheter care,
and measures to prevent pneumonia.

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 (15).

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
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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-
associated infection. The extra length
of stay (LOS) is the difference between
the length of stay of patients with a
DAI and the LOS of patients hospital-

ized in the ICU during the same pe-
riod who did not acquire a DAL

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

RESULTS

Features of population studied

During the study period (September
2003 to October 2007) surveillance
data were collected prospectively on
1920 patients hospitalized for an ag-
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gregate of 9 997 ICU-days in four ICUs
in four hospitals in Peru (Table 1).
These patients contracted 249 device-
associated infections (DAIs) for a mean
rate of 13.0% or 24.9 infections per
1000 ICU-days (Table 2). VAP repre-
sented 63.9%, CVC-associated BSI rep-
resented 20.1%, and CAUTI repre-
sented 16.1% of all DAISs.

The features of each ICU, the num-
ber of patients enrolled, ICU-days, and
the mean severity-of-illness score
(ASIS) are shown in Table 1 (15). Mean
patient ASIS was 2.80.

TABLE 1. Features of four International Nosocomial Infections Control Consortium member hospitals and their intensive care units in Peru

for the period September 2003 to October 2007

Variable Hospital A Hospital B Hospital C Hospital D Total
Hospitals, n 1 1 1 1 4
Academic teaching 0 0 0 0 0
Public 1 0 1 1 3
Private community 0 1 0 0 1
Hospital beds, n 363 96 212 170 841
Intensive care units, n 1 1 1 1 4
Intensive care unit beds, n 7 7 5 4 23
Intensive care unit type Medical- Medical- Medical- Medical- Medical-
surgical surgical surgical surgical surgical
Surveillance period 9/03 to 1/07 2/04 to 1/06 1/04 to 8/05 8/06 to 10/07 9/03 to 10/07
Experience of infection control practitioner, y 8 2 8 20 2-20
Patients studied, n 962 492 394 72 1920
Total intensive care unit days 5132 2148 2248 449 9977
Male patients, % 48.9 64.2 57.1 54.2 54.7
Mean age of patient, y 46.4 61.7 62.3 36.9 53.2
Mean average severity-of-illness score 3.02 2.30 3.02 2.89 2.80
Device utilization?
Ventilator-days 2 809 763 1406 96 5074
Ratio of ventilator utilization 0.55 0.36 0.63 0.21 0.51
Central venous catheter-days 3352 1480 1607 75 6514
Ratio of central venous catheter utilization 0.65 0.69 0.71 0.17 0.65
Urinary catheter-days 4159 1247 2134 236 7776
Ratio of urinary catheter utilization 0.81 0.58 0.95 0.53 0.78

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

the intensive care unit during the selected time period.

TABLE 2. DAIs per 1 000 device-days in intensive care units of four Peruvian International Nosocomial Infections Control Consortium

member hospitals for the period September 2003 to October 2007

Device Device-days, DAls,2 Distribution of DAIs Rate per Rate per 1 000
Infection type n n 100 patients (%) device-days (%)°
VAP2 Mv2 5074 159 63.9 8.3 31.30
CVC-BSI2 cvee 6514 50 20.1 2.6 7.70
CAUTI2 uca 7776 40 16.1 2.1 5.14

2 DAI: Device-associated infection; VAP: ventilator associated pneumonia; CVC-BSI: central vascular catheter-associated bloodstream infection; CAUTI: catheter-associated urinary tract in-

fection; 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.
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TABLE 3. Extra mortality of patients with device-associated infections in the intensive cure units of four Peruvian hos-
pitals for the period September 2003 to October 2007

Patients Crude mortality (%) Extra mortality (%) RR 95% Cl P-value
Patients without infection 14.0 — — —
Patients with VAP?2 38.5 24.5 2.75 2.00-3.78 0.0001
Patients with CVC-BSI2 29.0 15.0 2.07 1.07- 4.04 0.0280
Patients with CAUTI? 18.2 4.2 1.30 0.49- 3.49 0.6028

2 VAP: ventilator-associated pneumonia; CVC-BSI: central venous catheter-associated bloodstream infection; CAUTI: catheter-associated urinary tract infection.

Device utilization ratio

The DU ratio for mechanical ventila-
tion was 0.51; for central venous
catheters it was 0.65; and for urinary
catheters it was 0.78. DAI distribution
and device utilization are shown in
Table 2.

Device-associated infection rates

Ventilator-associated =~ pneumonia.
The mean rate of VAP was 31.3 per
1000 ventilator-days (Table 2). The
crude mortality of patients with VAP
was 38.5%, with an extra mortality
of 24.5% (RR 2.75, 95% CI 2.00-3.78,
P < 0.0001) (Table 3). The crude mortal-
ity of patients without DAIs was 14.0%,
yielding an excess mortality of 24.5%.
The LOS of patients without DAIs
was 4.0 days; the LOS of patients with
VAP was 13.4 days, yielding an extra
length of stay of 9.4 days (RR 3.35, 95%
CI 3.17-3.54, P < 0.001).

Central venous catheter-associated
bloodstream infection. The mean
rate of CVC-BSI was 7.7 per 1000
catheter-days (Table 2). The crude mor-
tality of patients with CVC-BSI was
29.0%, with extra mortality for CVC-
BSI of 15.0% (RR 2.07, 95% CI 1.07-4.04,
P =0.028) (Table 3). The LOS of patients
with CVC-BSI was 13.1 days, yielding
an extra length of stay of 9.1 days (RR
3.27,95% CI12.96-3.61, P = 0.0001).

Catheter-associated urinary tract in-
fection. The mean rate of CAUTI was
5.1 per 1000 catheter-days (Table 2).
The crude mortality of patients with
CAUTI was 18.2%, with an extra mor-
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TABLE 4. Microbiological profile of device-associated infections in the in-
tensive care units of four International Nosocomial Infections Control Con-
sortium member hospitals in Peru for the study period September 2003 to

October 2007
Pathogen Proportion of cases (%)

Enterobacteriaceae 25.6
Staphylococcus aureus 22.2
Pseudomonas spp. 17.7
Candida spp. 15.3
Coagulase-negative staphylococci 59
Acinetobacter spp. 5.4
Stenotrophomonas spp. 3.0
Streptococcus spp. 2.0
Enterococcus spp. 2.0

TABLE 5. Resistance of pathogens in the intensive care units of four International
Nosocomial Infections Control Consortium member hospitals in Peru for the study

period September 2003 to October 2007

Bacteria Antibiotic used Percentage resistance
Enterobacteriaceae Ceftazidime 40.8
Enterobacteriaceae Ceftriaxone 405
Enterobacteriaceae Piperacillin/tazobactam 32.0
Pseudomona aeruginosa Ciprofloxacin 65.0
Pseudomona aeruginosa Ceftazidime 62.0
Pseudomona aeruginosa Imipenem 36.1
Pseudomona aeruginosa Piperacillin-tazobactam 29.4
Staphylococcus aureus Methicillin 73.5

tality of 4.2% (RR 1.30, 95% CI 0.49-3.49,
P = 0.6028) (Table 3). The LOS of pa-
tients with CAUTI was 10.8 days, yield-
ing an extra LOS of 6.8 days (RR 2.71,
95% CI12.38-3.08, P = 0.0001).

Overall bacterial resistance

The most common agents causing
DAIs were Enterobacteriaceae (25.6%),
Staphylococcus aureus (22.2%), Pseudo-
monas spp. (17.7%), and Candida spp.

(15.3 %). Also significant but to a lesser
degree were infections caused by
coagulase-negative staphylococci (5.9%)
and Acinetobacter spp. (5.4%) (see Table
4). The drug resistance of these agents
in the study population is shown in
Table 5.

DISCUSSION

Although DAIs have long been a
primary and serious cause of patient
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TABLE 6. Comparison of device utilization and rates of device-associated infections in the intensive care units (ICUs) of four Peruvian In-
ternational Nosocomial Infections Control Consortium (INICC) member hospitals and U.S. hospitals participating in CDC-National Health-

care Safety Network (CDC-NHSN) survey?

U.S. CDC-NHSN ICUs

Peruvian INICC ICUs

RR comparing INICC

Variable (2005-2006) (2003-2007) and NHSN rates

Rate of device utilization

Mechanical ventilators 0.43 (0.20-0.65)° 0.51 (0.21-0.63)¢ 1.19

Central venous catheters 0.58 (0.36-0.74)° 0.65 (0.17-0.71)¢ 1.12

Urinary catheters 0.80 (0.62-0.92)P 0.78 (0.53-0.95)° 0.97
Rate per 1 000 device days

Ventilator-associated pneumonia 3.6 (1.3-5.1)° 31.3 (10.4-36.3)¢ 8.69

Central venous catheter-associated bloodstream infection 2.4 (0.6-3.1)° 7.7 (5.9-26.6)° 3.20

Catheter-associated urinary tract infection 3.4 (1.9-4.5)° 5.1 (1.4-10.4)° 1.50
Proportion of device-associated infections with resistance, %9

Methicillin-resistant Staphylococcus aureus 52.9 73.5 1.39

Ceftriaxone-resistant Enterobacteriaceae 27.6 40.5 1.47

Ciprofloxacin-resistant Pseudomona aeruginosa 34.8 65.0 1.87

@ Edwards JR, Peterson KD, Andrus ML, Tolson JS, Goulding JS, Dudeck MA, et al. National Healthcare Safety Network (NHSN) Report, data summary for 2006, issued June 2007. Am J In-

fect Control. 2007;35(5):290-301.

b Qverall (pooled) and 10th to 90th percentile ranges for the U.S. teaching hospitals in CDC-NHSN survey (see note “a”).
¢ Overall (pooled) and range of individual hospitals for the four INICC hospitals.
9 Qverall (pooled) data from NHSN (211 hospitals), 20052006, and from INICC (4 hospitals), 2003—2007.

morbidity and attributable mortality
in developing countries, this is the first
multi-center study to show DAI rates
in selected ICUs in Peru. The re-
searchers chose to focus the INICC's
initial efforts on surveillance in ICUs
because they represent a hospital set-
ting where invasive devices are exten-
sively used and, therefore, patients are
exposed to the highest rates of health
care-associated infection (3).

DAIs have been a factor in the in-
crease in health care costs (4, 18-20).
Research studies about infection con-
trol programs that include device-
associated surveillance in U.S. hospi-
tals (2) indicate that the incidence of
DAI can be lowered by as much as
30%, thereby reducing corresponding
health care costs.

In INICC, the surveillance form is
designed to collect data from patients
with and without DAIs. The CDC’s
NNIS/NHSN program in U.S. hospi-
tals collect data only from patients
with health care acquired infections
(1, 21, 22). In contrast, the form used
by INICC is designed to continuously
prompt the surveillance officer to sus-
pect DAIs because the form provides
an overview of what is happening
each day to every patient in the ICU in
terms of vital signs, exposure to inva-

sive devices, the results of cultures,
and antibiotic therapy given. This
approach is especially useful in cases
in which no cultures have been done
or the culture results are equivocal or
negative, such as with pneumonia or
sepsis, and that may not be otherwise
recognized as a DAI (9-14, 23, 24). By
collecting data on all patients in the
ICU, it is possible to match patients
with and without DAI for several fea-
tures in order to calculate added
length of stay, costs of hospitalization,
attributable mortality, and risk factors
for infection (12, 19, 20, 25).

We consider that the INICC meth-
odology improves the accuracy of sur-
veillance because each reported DAI is
externally adjudicated. However, the
vast majority of ICU-acquired infections
in both the CDC NNIS/NHSN system
and INICC are based on positive cul-
tures, and we doubt whether the two
surveillance systems differ materially in
sensitivity to detect DAIs except, per-
haps, for VAP or clinical sepsis.

We compared DAI rates in ICUs in
four Peruvian hospitals with pooled
rates for DAIs in the ICUs of U.S. hos-
pitals included in the NHSN survey
results for 2005-2006 (1) (see Table 6).
In the four ICUs in Peruvian hospitals,
the mean rate for CVC-BSI was 7.7 per
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1000 CVC-days compared with a rate
of 2.4 per 1 000 CVC-days reported in
the NHSN study; the mean rate for
VAP was 31.3 per 1000 ventilator-
days in the Peruvian study compared
with a rate of 3.6 per 1 000 ventilation-
days reported by NHSN; the mean
rate for CAUTI was 5.1 per 1000
catheter-days in the Peruvian study
compared with the NHSN rate of 3.4
per 1000 catheter-days (1).

Where compliance with infection
control was studied in INICC member
hospitals, there was significant va-
riation among the hospitals. Hand
hygiene resources and compliance
ranged from 20% to 70% in INICC
member hospitals (26). The mean com-
pliance rate for hand hygiene reported
in a recent study of all INICC partici-
pating ICUs was 50% (26). This rate
was similar to recent research studies
conducted in the United States and
Europe (27). Significant variation also
was found among INICC member hos-
pitals in the use of sterile dressings on
CVC insertion sites. Among the major
obstacles remaining to be overcome at
these hospitals are: poor hand hygiene
compliance, ineffective isolation of pa-
tients, protracted use of invasive de-
vices, and incorrect positioning of
urine collection bags (28).
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There was a high rate of resistance
to all major antibiotics commonly used
in the ICUs in this study. This may be
due to lack of adequate DAI control
programs as well as clonal spread of
resistance among isolates and patients.
Control of antibiotic resistance re-
quires more restrictive use of anti-
infective agents, isolation of patients,
and more effective DAI control (29).

There are several factors that can ex-
plain the DAI rates shown in this
study. First, guidelines on specific in-
fection control practices are not ad-
hered to adequately in Peru, national
infection control surveillance is not
conducted, and hospital accreditation
is not mandatory. According to previ-
ous studies carried out in hospitals in
developing countries, regulations and
standards for the implementation of
infection control programs are lacking
(30, 31). While national infection con-
trol guidelines might exist, they are
not properly applied. Second, hand
hygiene compliance is highly variable
in most health care facilities in Peru,
reflecting the general situation in
other developing countries (30, 31).
Third, in Peru, as in most developing
countries, administrative and financial
support is lacking, which almost in-
evitably results in limited funds and
resource availability to deal with in-
fection control (32). Fourth, there are
insufficient supplies and wards are
over-crowded. Fifth, it is almost cer-
tain that the low nurse-to-patient
staffing ratios result in substantially
increased health-care associated infec-
tion rates. There is an inadequate
number of trained staff, which has
been highly associated, together with
low nurse-to-patient ratios and inex-
perienced nurse service, with a greatly
increased risk of DAIs in a study car-
ried out in U.S. ICUs (33). Finally, an-
other underlying factor of high infec-
tion rates in the Peruvian hospitals is
the use of antiquated technology.

Limitations

The present study has certain limi-
tations, the first being that there are
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not sufficient data to reflect the situa-
tion in all of Peru. For over two years,
researchers prospectively collected
data from the ICUs in four Peruvian
hospitals as part of the implementa-
tion of a comprehensive surveillance
system. Reported DAI rates could
have been affected by the variations
among the four hospitals in the effi-
cacy of surveillance and availability of
institutional resources. Variations in
DAI rates among the different INICC
member hospitals result in signifi-
cantly different severity-of-illness
scores or, in most cases, in the differ-
ent efficacy and accuracy of surveil-
lance of DAIs. Second, the laborato-
ries of INICC member hospitals are
relied upon for identifying infecting
pathogens and delineating bacterial
resistance patterns, and the levels of
expertise and resource availability in
these facilities vary widely. This, how-
ever, is a limitation that is present in
the data of any multi-center clinical
surveillance. Third, other severity-of-
illness scores, such as APACHE, were
not applied because there were not
enough resources to conduct the more
labor-intensive calculation of these
other scoring systems. Finally, similar
to other cohort studies, hospitals initi-
ated clinical surveillance at different
periods and surveillance was sus-
pended at certain times, resulting in
the lack of simultaneously collected
data from all hospitals enrolled in this
study.

Conclusion

The first step toward reducing the
risk of DAI in hospitalized patients is
the institution of surveillance of noso-
comial infections (2). Next, basic, but
effective infection control practices
need to be adopted to improve the pre-
vention of hospital-acquired infec-
tions (34, 35). Needless to say, shared
knowledge and accurate information
about this serious public health prob-
lem can motivate the development of
high-quality infection control strate-
gies. In this regard, there is evidence
suggesting positive modifications in

practices in several of the INICC mem-
ber hospitals: hand hygiene compli-
ance has substantially increased, per-
formance feedback programs for hand
hygiene have been instituted, and
CVC and urinary catheter care have
shown a significantly reduced inci-
dence of CVC-associated BSI, CAUTI,
and VAP (36-42).

The fact that DAIs pose a huge and
largely under-recognized threat to
patient safety in developing countries
is a critical issue. Improvements seen
in INICC member hospitals outside of
Peru provide health care personnel
with examples of simple, effective,
and inexpensive DAI preventive
strategies (36-42). Evidence of this
progress leads to wider acceptance
of infection control programs in all
INICC member hospitals, and should
lead to significant DAI reductions,
particularly those occurring in the
ICU.
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RESUMEN

Tasas de infeccion asociadas
a aparatos y mortalidad en
unidades de cuidados
intensivos de hospitales
peruanos: datos del
Consorcio Internacional

para el Control de las
Infecciones Nosocomiales

Palabras clave

Objetivos. Determinar las tasas de infecciones asociadas a aparatos (IAA), sus per-
files microbioldgicos y la resistencia bacteriana, asi como la mortalidad atribuible a
estas infecciones en unidades de cuidados intensivos (UCI) de hospitales de Per,
miembros del Consorcio Internacional para el Control de las Infecciones Nosocomia-
les (INICC).

Meétodos. Se hizo un seguimiento retrospectivo de cohorte de las IAA en las UCI de
cuatro hospitales, segtin las definiciones de infeccién nosocomial del Sistema Nacio-
nal de Vigilancia de Infecciones Nosocomiales de los Centros para el Control y la Pre-
venciéon de Enfermedades (CDC-NNIS) y de la Red Nacional de Seguridad Sanitaria
(NHSN), de los Estados Unidos de América.

Resultados. De septiembre de 2003 a octubre de 2007, 1 920 pacientes hospitalizados
en las UCI, con un total de 9 997 dias, adquirieron 249 IAA, para una tasa de 13,0 por
paciente (24,9 IAA por 1 000 dias-UCI). La tasa de neumonia asociada a respiradores
(NAR) fue de 31,3 casos por 1 000 dias-ventilador; la tasa de infecciones circulatorias
asociadas con cateterismo venoso central (IC-CVC) fue de 7,7 casos por 1000 dias-
catéter; y la tasa de infecciones urinarias asociadas con el uso de catéteres (IUAC) fue
de 5,1 casos por dias-catéter. La mortalidad adicional por NAR fue de 24,5% (RR =
2,07; P < 0,001) y por IC-CVC fue de 15,0% (RR = 2,75; P = 0,028). De las IAA por
Staphylococcus aureus, 73,5% se debian a cepas resistentes a la meticilina; de los aisla-
mientos de Enterobacteriaceae, 40,5% eran resistentes a la ceftriaxona, 40,8% a la cef-
tazidima y 32,0% a la piperacilina-tazobactam. De los aislamientos de Pseudomonas
aeruginosa, 65,0% eran resistentes a la ciprofloxacina; 62,0% a la ceftazidima; 36,1% al
imipenem; y 29,4% a la piperacilina-tazobactam.

Conclusiones. Las elevadas tasas de IAA encontradas en los hospitales peruanos se-
fialan la necesidad de un control activo de las infecciones. Se puede mejorar la segu-
ridad de los pacientes de las UCI y de los hospitales en general mediante programas
que abarquen la vigilancia de las IAA y la implementacién de directivas para la pre-
vencién de infecciones.

Infecciones bacterianas, infeccién hospitalaria/epidemiologia, farmacorresisten-
cia bacteriana, hospitales, control de infecciones, unidades de terapia intensiva,
tiempo de internacién, mortalidad, Pert.
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