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I

NFECTION IS A COMMON PROBLEM FOR

patients in intensive care units
(ICUs) and is associated with considerable morbidity, mortality, and
costs.1-4 Infection and related sepsis are
the leading cause of death in noncardiac ICUs, with mortality rates that reach
60% and account for approximately 40%
of total ICU expenditures.1,5 Importantly, the incidence of sepsis is increasing, as is the number of consequent infection-related deaths.3,6
Most large epidemiologic studies of infection and sepsis have been conducted
in North America, Europe, and Australia,1,6-11 with limited data from other
countries.12,13 Differing definitions and
different study populations make it difficult to compare study results. International data related to the prevalence, risk
factors, causative microorganisms, and
outcomes of infection are necessary to
increase and maintain awareness of the
impact of infection, to help in the development of local and international guidelines for diagnosis and treatment, to
For editorial comment see p 2367.

Context Infection is a major cause of morbidity and mortality in intensive care units
(ICUs) worldwide. However, relatively little information is available about the global
epidemiology of such infections.
Objective To provide an up-to-date, international picture of the extent and patterns of infection in ICUs.
Design, Setting, and Patients The Extended Prevalence of Infection in Intensive Care
(EPIC II) study, a 1-day, prospective, point prevalence study with follow-up conducted
on May 8, 2007. Demographic, physiological, bacteriological, therapeutic, and outcome
data were collected for 14 414 patients in 1265 participating ICUs from 75 countries on
the study day. Analyses focused on the data from the 13 796 adult (⬎18 years) patients.
Results On the day of the study, 7087 of 13 796 patients (51%) were considered
infected; 9084 (71%) were receiving antibiotics. The infection was of respiratory origin in 4503 (64%), and microbiological culture results were positive in 4947 (70%) of
the infected patients; 62% of the positive isolates were gram-negative organisms, 47%
were gram-positive, and 19% were fungi. Patients who had longer ICU stays prior to
the study day had higher rates of infection, especially infections due to resistant staphylococci, Acinetobacter, Pseudomonas species, and Candida species. The ICU mortality rate of infected patients was more than twice that of noninfected patients (25%
[1688/6659] vs 11% [682/6352], respectively; P⬍.001), as was the hospital mortality rate (33% [2201/6659] vs 15% [942/6352], respectively; P⬍.001) (adjusted odds
ratio for risk of hospital mortality, 1.51; 95% confidence interval, 1.36-1.68; P⬍.001).
Conclusions Infections are common in patients in contemporary ICUs, and risk of
infection increases with duration of ICU stay. In this large cohort, infection was independently associated with an increased risk of hospital death.
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facilitate adequate and appropriate resource allocation, and to assist in the
design of multicenter interventional
studies.
The European Prevalence of Infection
in Intensive Care (EPIC) study,14 conducted on April 29, 1992, included data
from 1417 ICUs in 17 Western European
countriesandprovidedvaluableinformation regarding the prevalence and epidemiology of infection in critically ill European patients. Fifteen years after that
successfulinternationalcollaboration,the
Extended Prevalence of Infection in Intensive Care (EPIC II) study was conducted to provide an up-to-date picture
of the extent and patterns of infection in
ICUs around the world.
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METHODS
An international steering committee
was established in 2006 and selected the
study date, May 8, 2007. Intensive care
units were invited to participate in a
1-day, prospective, multicenter point
prevalence study of ICU infection.
Methods for recruitment of participating institutions included direct mailings to members of the European
Society of Intensive Care Medicine, anAuthor Affiliations are listed at the end of this article.
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nouncements at international meetings and symposia, and mailings to contacts and collaborators of each steering
committee member. Participation in the
study was entirely voluntary, and the
study was not funded. Local ethical
committee approval at each participating center was expedited or waived owing to the purely observational nature
of the study.
Demographic, physiological, bacteriological, and therapeutic data were collected from all patients present in a participating ICU between midnight on May
7 and midnight on May 8, 2007. Simplified Acute Physiology Score II (SAPS
II)15 and Sequential Organ Failure Assessment (SOFA)16 scores were calculated for the study day. Data were recorded using preprinted case report
forms and submitted via a dedicated
Web site (90% of centers), by fax, or by
mail. Data were not monitored. Participating ICUs were asked to provide patient follow-up until hospital discharge
or for 60 days (until July 9, 2007), and
ICU and hospital outcomes were recorded. Any decision to withdraw or
withhold therapy during the ICU stay
was also noted. A dedicated telephone
hotline was available for any queries during the study follow-up period. Centers with missing data were contacted
regularly in an attempt to obtain complete data, but any data still missing at
closure of the database were simply
noted as absent; there was no imputation of missing data.
Infection was defined according to
the definitions of the International Sepsis Forum17 and adjudicated by the attending physician. Patients who had
undergone surgery in the 4 weeks preceding admission were considered surgical admissions. Elective surgery was
defined as surgery scheduled more than
24 hours in advance, and emergency
surgery as that scheduled within 24
hours of operation. Trauma admissions were defined as ICU admissions
directly related to, or occurring as a
complication of, a traumatic event in
the 30 days preceding admission. All
other admissions were considered
medical.
2324

The presence of the following comorbid conditions was noted: chronic obstructive pulmonary disease; metastatic
cancer (metastases confirmed by surgery or imaging techniques); liver cirrhosis; heart failure (New York Heart Association class III-IV); hematologic
malignancy (lymphoma, acute leukemia, or multiple myeloma); human immunodeficiency virus (HIV) infection
(HIV-positive patients with clinical complications such as Pneumocystis jirovecii
pneumonia, Kaposi sarcoma, lymphoma, tuberculosis, or toxoplasmosis); chronic renal failure (need for
chronic renal support or history of
chronic renal insufficiency, with a serum creatinine level greater than 3.6 g/dL
[300 µmol/L]); immunosuppression (administration of steroid treatment in the
6 months prior to ICU admission [at least
0.3 mg/kg per day of a prednisolone
equivalent for at least 1 month], severe
malnutrition, congenital immunohumoral or cellular immune deficiency
state); chemotherapy/radiotherapy (in
the 6 months prior to ICU admission);
insulin-dependent diabetes mellitus
(need, prior to ICU admission, for insulin administration to control blood glucose levels).
Statistical Analyses

All data were analyzed in the Department of Intensive Care of the University of Brussels, Belgium, in collaboration with the University of Jena,
Germany. Statistical analyses were performed using SPSS version 13.0 (SPSS
Inc, Chicago, Illinois). For the purposes of this article, only data from adult
(⬎18 years) patients were analyzed, and
the world was divided into 7 geographical regions: North America, Central and
South America, Western Europe, Eastern Europe, Asia, Oceania, and Africa.
The Kolmogorov-Smirnov test was
used,andhistogramsandnormal-quantile
plotswereexamined,toverifyiftherewere
significant deviations from the normality assumption of continuous variables.
Nonparametric tests of comparison were
used for variables evaluated as not
normally distributed. Difference testing
between groups was performed using
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analysis of variance, Kruskal-Wallis
test, t test, Mann-Whitney test, 2 test,
and Fisher exact test, as appropriate. A
Bonferroni correction was made for multiple comparisons.
Multivariate logistic regression analysis was used to determine risk factors for
infection and hospital mortality. The following variables were investigated as independent risk factors for infection: type
of admission, source of admission, comorbid conditions, age, sex, mechanical ventilation, hemofiltration or hemodialysis, and SAPS II score. The same
variables plus infection were investigated as risk factors for hospital mortality. The multivariate analysis with hospital mortality as the dependent variable
was repeated for infected patients, including type of microorganism as an additional risk factor.
Odds ratios were adjusted for hospitalandorganizational-relatedfactors,including type of ICU (closed vs open, community vs university, surgical vs medical),
number of ICU beds, number of nurses,
number of physiotherapists, presence of
24-hourICUphysiciancoverage,percentage of gross domestic product spent on
health care (obtained from the World
Health Organization [http://www.who
.int/whosis/whostat/EN_WHS09_Full
.pdf], generated using the World Health
Organization Statistical Information
System and based on data from 2006),
length of ICU stay prior to study day, and
geographical region. A CochranArmitage trend test was used to analyze
the association between the rate of infection and percentage of gross domestic product spent on health care, SAPS
II and SOFA scores, and duration of ICU
stay before study date. Data are presented as mean (95% confidence interval), median (interquartile range [IQR]),
or number (%) as appropriate. All statistics tests were 2-tailed, and P⬍.05 was
considered statistically significant.
RESULTS
Characteristics of Total Study Group

EPIC II recruited 1265 ICUs in 75
countries: 667 ICUs in Western Europe, 210 in Central and South America,
137 in Asia, 97 in Eastern Europe, 83
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in North America, 54 in Oceania, and
17 in Africa (see eAppendix at http:
//www.jama.com for list of participating ICUs). The greatest number of patients came from Western Europe. Sixty
percent of the participating ICUs were
in university hospitals, 66% were mixed
medical-surgical ICUs, and 94% had 24hour ICU physician coverage. Characteristics of the ICUs are presented in
eTable 1.
On the study day, 14 414 patients
were present in 1 of the participating
ICUs; 13 796 were older than 18 years,
and their demographic characteristics
are presented in TABLE 1. Sixty-two percent of the patients were men, 62% were
surgical admissions, and 52% had at
least 1 comorbid condition.
Prevalence and Characteristics
of Infections

Of the 13 796 adult patients, 7087
(51%) were classified as infected on the
day of the study. Seventy-one percent
of all patients were receiving antibiotics (as prophylaxis or treatment). Of the
infected patients, 16% were being
treated with antifungal agents. Infected patients had more comorbid conditions and higher SAPS II and SOFA
scores on admission than noninfected
patients (Table 1). The lungs were the
most common site of infection, accounting for 64% of infections, followed by the abdomen (20%), the
bloodstream (15%), and the renal tract/
genitourinary system (14%) (TABLE 2).
Seventypercentofinfectedpatientshad
positive microbial isolates: 47% of the
positive isolates were gram-positive, 62%
gram-negative, and 19% fungal. In patientswithpositiveisolates,themostcommon gram-positive organism was Staphylococcus aureus (20%); the most common
gram-negative organisms were Pseudomonas species (20%) and Escherichia coli
(16%) (Table 2).
Factors Associated With Higher Risk
of Infections

The infection rate was related to disease severity as expressed by the SAPS
II score and the degree of organ failure (FIGURE). There was a relation-

ship between the number of days spent
in the ICU before the study day and the
rate of infection: the infection rate increased from 32% for patients with a

pre–study day ICU stay of 0 or 1 day
to more than 70% for patients with a
pre–study day ICU stay of more than
7 days (P ⬍ .001, Cochran-Armitage

Table 1. Basic Characteristics of Adult Patients in the EPIC II Study
No. (%)
Characteristic

All Patients
(n = 13 796) a

Not Infected
(n = 6709) b

Infected
(n = 7087) c

P
Value

Age, mean (95% CI), y

60.7 (60.4-61.0) 60.5 (60.1-60.9) 60.9 (60.5-61.3)

.21

Men

8587 (62.3)

.12

4130 (61.7)

4457 (63.0)

Severity score on study day, mean (95% CI) d
SAPS II
35.1 (34.9-35.4) 31.3 (30.9-31.6) 38.7 (38.4-39.1) ⬍.001
SOFA
6.3 (6.2-6.4)
5.2 (5.1-5.3)
7.2 (7.1-7.3) ⬍.001
Type of admission
Elective surgery
Medical
Emergency surgery
Trauma

3209 (23.3)
3878 (28.2)
5298 (38.5)
1365 (9.9)

2297 (34.4)
1584 (23.7)
2070 (31.0)
725 (10.9)

912 (12.9)
2294 (32.4)
3228 (45.6)
640 (9.0)

⬍.001

Reason for ICU admission
Respiratory
Cardiovascular
Surveillance/monitoring
Neurologic
Digestive/liver
Trauma
Renal
Other e

3091 (22.4)
3041 (22.0)
2592 (18.8)
2010 (14.6)
1306 (9.5)
1119 (8.1)
324 (2.3)
313 (2.3)

845 (12.6)
1541 (23.0)
1968 (29.3)
994 (14.8)
478 (7.1)
593 (8.8)
119 (1.8)
171 (2.5)

2246 (31.7)
1500 (21.2)
624 (8.8)
1016 (14.3)
828 (11.7)
526 (7.4)
205 (2.9)
142 (2.0)

⬍.001

Source of admission
Operating room/recovery
ED/ambulance
Hospital floor
Other hospital
Other

3510 (25.7)
4010 (29.3)
3789 (27.7)
1921 (14.1)
435 (3.2)

2178 (32.9)
1980 (29.9)
1503 (22.7)
751 (11.3)
212 (3.2)

1332 (18.9)
2030 (28.8)
2286 (32.5)
1170 (16.6)
223 (3.2)

⬍.001

Comorbid conditions
COPD
Cancer
Heart failure f
Diabetes mellitus
Chronic renal failure
Immunosuppression
Cirrhosis
Hematologic cancer
HIV

2303 (16.7)
2086 (15.1)
1342 (9.7)
1336 (9.7)
1250 (9.1)
587 (4.3)
460 (3.3)
282 (2.0)
96 (0.7)

872 (13.0)
975 (14.5)
604 (9.0)
605 (9.0)
494 (7.4)
176 (2.6)
195 (2.9)
73 (1.1)
18 (0.3)

1431 (20.2)
1111 (15.7)
738 (10.4)
731 (10.3)
756 (10.7)
411 (5.8)
265 (3.7)
209 (2.9)
78 (1.1)

⬍.001
.06
.005
.01
⬍.001
⬍.001
.006
⬍.001
⬍.001

No. of comorbid conditions
0
1
2
3
⬎3

6686 (48.5)
4434 (32.1)
1829 (13.3)
626 (4.5)
218 (1.6)

3629 (54.1)
2076 (30.9)
719 (10.7)
227 (3.4)
58 (0.9)

3060 (43.2)
2358 (33.3)
1110 (15.7)
399 (5.6)
160 (2.3)

⬍.001

Treatment on admission
Mechanical ventilation
Hemodialysis/hemofiltration

7694 (56.2)
1247 (9.1)

2932 (44.1)
322 (4.8)

4762 (67.5)
925 (13.1)

⬍.001
⬍.001

Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease; ED, emergency department; EPIC
II, Extended Prevalence of Infection in Intensive Care; HIV, human immunodeficiency virus; ICU, intensive care unit; SAPS
II, Simplified Acute Physiology Score II; SOFA, Sequential Organ Failure Assessment.
a Totals may not sum to 13 796, owing to missing values.
b Totals may not sum to 6709, owing to missing values.
c Totals may not sum to 7087, owing to missing values.
d Range of possible scores, 0-163 for SAPS II and 0-24 for SOFA.
e Metabolic, hematologic, obstetric/gynecologic.
f New York Heart Association class III-IV.
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trend test) (eFigure 1). This was particularly true for infections with methicillin-resistant Staphylococcus aureus,
Acinetobacter species, Pseudomonas species, and Candida species (eFigure 2).
Multivariate logistic regression analysis showed that medical admission; admission after emergency surgery or
trauma; referral from the hospital floor
or other hospital (with referral from the
operating room as referent); presence

of chronic obstructive pulmonary disease, cancer, HIV, immunosuppression, mechanical ventilation, and renal replacement therapy on the study
day; and greater SAPS II scores were independently associated with a higher
risk of infection (eTable 2).
Mortality and Morbidity

Intensive care unit and hospital mortality rates were 18.2% (2370/13 011 pa-

tients) and 24.2% (3143/13 011 patients), respectively. Infected patients
had higher ICU and hospital mortality
rates (25.3% vs 10.7% and 33.1% vs
14.8%, respectively; P⬍.001 for both)
and longer ICU and hospital lengths of
stay (16 [IQR, 7-34] vs 4 [IQR, 1-14]
days and 29 [IQR, 14-57] vs 13 [IQR,
7-31] days, respectively; P ⬍ .001 for
both) than those not infected. Decisions to withhold or withdraw life-

Table 2. Infection Rates and Types of Organisms in Culture-Positive Infected Patients According to Geographical Region
No. (%) a

All

Western
Europe

Eastern
Europe

Central/
South
America

North
America

Oceania

Africa

Asia

1290 (60.3)

607 (48.4)

285 (48.2)

89 (46.1)

707 (52.6)

345 (56.8) b
101 (16.6)
157 (25.9) b
135 (22.2) b
26 (4.3)
16 (2.6)
14 (2.3)
62 (10.2)

165 (57.9)
50 (17.5)
49 (17.2)
33 (11.6)
30 (10.5)
15 (5.3)
11 (3.9)
22 (7.7)

41 (46.1) b
16 (18)
16 (18)
15 (16.9)
8 (9.0)
4 (4.5)
4 (4.5)
14 (15.7) b

464 (65.6)
126 (17.8)
111 (15.7)
111 (15.7) b
51 (7.2)
32 (4.5)
19 (2.7)
35 (5.0) b

204 (71.6)
104 (51.0)
56 (27.5) b
19 (9.3)
17 (8.3)
5 (2.5)
9 (4.4)
10 (4.9)
19 (9.3)
122 (59.8)

54 (60.7)
27 (50.0)
16 (29.6)
11 (20.4) b
8 (14.8)
3 (5.6)
0b
0
4 (7.4)
31 (57.4)

478 (67.6) b
163 (34.1) b
77 (16.1)
48 (10.0)
43 (9.0)
8 (1.7) b
17 (3.6) b
10 (2.1)
20 (4.2)
355 (74.3) b

No. (%)
Site of infection
Respiratory tract
Abdominal
Bloodstream
Renal/urinary tract
Skin
Catheter-related
CNS
Others
Microorganisms
Positive isolates
Gram-positive
Staphylococcus aureus
MRSA
S epidermidis
Streptococcus pneumoniae
VSE
VRE
Other
Gram-negative

7087 (51.4)

3683 (49)

426 (56.4)

4503 (63.5)
1392 (19.6)
1071 (15.1)
1011 (14.3)
467 (6.6)
332 (4.7)
208 (2.9)
540 (7.6)

2332 (63.3)
778 (21.1)
546 (14.8)
411 (11.2)
242 (6.6)
171 (4.6)
100 (2.7)
289 (7.8)

305 (71.6) b
93 (21.8)
53 (12.4)
84 (19.7) b
37 (8.7)
21 (4.9)
20 (4.7)
31 (7.3)

851 (66)
228 (17.7) b
139 (10.8) b
222 (17.2) b
73 (5.7)
73 (5.7)
40 (3.1)
87 (6.7)

4947 (69.8)
2315 (46.8)
1012 (20.5)
507 (10.2)
535 (10.8)
203 (4.1)
352 (7.1)
186 (3.8)
319 (6.4)
3077 (62.2)

2678 (72.7)
1311 (49.0)
525 (19.6)
233 (8.7)
301 (11.2)
127 (4.7)
250 (9.3)
113 (4.2)
184 (6.9)
1573 (58.7)

357 (83.8) b
185 (51.8)
77 (21.6)
37 (10.4)
43 (12)
16 (4.5)
35 (9.8)
16 (4.5)
15 (4.2)
258 (72.3) b

719 (55.7) b 457 (75.3)
273 (38.0) b 252 (55.1)
138 (19.2) 123 (26.9) b
79 (11.0)
80 (17.5) b
67 (9.3)
56 (12.3)
24 (3.3)
20 (4.4)
17 (2.4) b
24 (5.3) b
15 (2.1) b
22 (4.8)
29 (4.0) b
48 (10.5)
510 (70.9) b 228 (49.9) b

Escherichia coli
Enterobacter
Klebsiella species

792 (16.0)
345 (7.0)
627 (12.7)

458 (17.1)
184 (6.9)
261 (9.7)

53 (14.8)
29 (8.1)
76 (21.3) b

103 (14.3)
62 (8.6)
116 (16.1) b

65 (14.2)
37 (8.1)
41 (9)

27 (13.2)
7 (3.4)
24 (11.8)

6 (11.1)
4 (7.4)
10 (18.5)

80 (16.7)
22 (4.6)
99 (20.7) b

Pseudomonas species
Acinetobacter species
Other
ESBL-producing

984 (19.9)
435 (8.8)
840 (17.0)
93 (1.9)

458 (17.1)
149 (5.6)
487 (18.2)
47 (1.8)

103 (28.9) b
61 (17.1) b
54 (15.1)
7 (2.0)

189 (26.3) b
99 (13.8) b
121 (16.8)
21 (2.9)

59 (12.9)
17 (3.7)
52 (11.4) b
1 (0.2) b

30 (14.7)
9 (4.4)
42 (20.6)
0

8 (14.8)
8 (14.8) b
11 (20.4)
1 (1.9)

137 (28.7) b
92 (19.2) b
73 (15.3)
16 (3.3)

222 (4.5)
76 (1.5)

142 (5.3)
33 (1.2)

12 (3.4)
7 (2.0)

10 (1.4) b
14 (1.9)

36 (7.9)
4 (0.9)

7 (3.4)
4 (2.0)

1 (1.9)
3 (5.6)

14 (2.9)
11 (2.3)

843 (17)
70 (1.4)
50 (1)
34 (0.7)
192 (3.9)

495 (18.5)
44 (1.6)
22 (0.8)
18 (0.7)
122 (4.6)

66 (18.5)
1 (0.3)
5 (1.4)
2 (0.6)
9 (2.5)

92 (12.8) b
5 (0.7)
7 (1)
6 (0.8)
15 (2.1) b

83 (18.2)
12 (2.6)
10 (2.2)
3 (0.7)
22 (4.8)

26 (12.7)
3 (1.5)
2 (1)
2 (1)
8 (3.9)

6 (11.1)
0
0
0
2 (3.7)

75 (15.7)
5 (1)
4 (0.8)
3 (0.6)
14 (2.9)

Anaerobes
Other bacteria
Fungi
Candida
Aspergillus
Other
Parasites
Other organisms

Abbreviations: CNS, central nervous system; ESBL, extended-spectrum ␤-lactamases; MRSA, methicillin-resistant Staphylococcus aureus; VRE, vancomycin-resistant Enterococcus;
VSE, vancomycin-sensitive Enterococcus.
a Percentages do not necessarily equal 100, because patients may have had more than 1 type of infection or microorganism.
b Significant at 5% (with Bonferroni correction) vs Western Europe.
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International Comparisons

Central and South America had the
highest infection rate (60%) and Africa
had the lowest (46%) (Table 2). There
was considerable variation in the types
of organisms isolated from the different geographical regions; rates of infection with Acinetobacter differed most
markedly, ranging from 3.7% in North
America to 19.2% in Asia (Table 2). Infection rates were related to health care
expenditure, with higher rates of infection reported in countries that had
a lower proportion of gross domestic
product devoted to health care (61.9%
infection rate in countries devoting
⬍5% of gross domestic product to
health; 53.8% in those devoting 5%9%; 48.0% in those devoting ⬎9%;
P ⬍ .001 by Cochran-Armitage trend
test). Intensive care unit and hospital
mortality rates were highest in ICUs
from Central and South America and
Eastern Europe and lowest in ICUs
from Oceania (eTable 4). There was a
significant relationship between the percentage of infected patients and hospital mortality rate (eFigure 3).

COMMENT
The data from this large international
collaboration highlight the common occurrence of infections in contempo-

rary ICUs, with 46% to 60% of ICU patients classified by the attending
physician as infected on the day of the
study. Infected patients had more co-

Figure. Relationship Between Rate of Infection and Disease Severity and Organ Failure
Disease severity

Organ failure

100
90
80

Infection Rate, %

sustaining measures were made in 1232
patients (8.9%) and were more common in infected than in noninfected patients (890/3256 [27.3%] vs 342/2442
[14.0%], P⬍.001).
In a multivariate analysis of all patients, with hospital mortality as the
dependent variable and adjusting for
possible confounders, infection was
independently associated with a greater
risk of hospital mortality (33.1% vs
14.8%; adjusted odds ratio, 1.51; 95%
confidence interval, 1.36-1.68; P⬍.001).
Other factors associated independently
with a greater risk of in-hospital death
are shown in TABLE 3. In patients with
infections, factors independently associated with a greater risk of hospital death
were comorbid cancer, heart failure, immunosuppression, or cirrhosis; infection with Pseudomonas, Enterococcus, or
Acinetobacter species; older age; greater
disease severity; and treatment with mechanical ventilation or renal replacement therapy on the day of the study
(eTable 3).

70
60
50
40
30
20
10
0

<25

25-33

34-43

≥44

0-4

5-8

SAPS II Score
No. of patients

3492

3639

9-12

13-18

>18

SOFA Score

3198

3467

3529

3182

1584

708

68

P⬍.001 for both panels, by Cochran-Armitage trend test. Range of possible scores is 0-163 for SAPS II (Simplified Acute Physiology Score II) and 0-24 for SOFA (Sequential Organ Failure Asessment). Error bars indicate
95% confidence intervals.

Table 3. Multivariable Logistic Regression Analysis With Hospital Mortality as the Dependent Variable
Variable
Type of admission
Elective surgery
Medical
Emergency surgery
Trauma
Source of admission
Operating room/recovery
ED/ambulance
Hospital floor
Other hospital

OR (95% CI) a

P Value

1 [Reference]
1.18 (0.99-1.41)
1.56 (1.34-1.82)
1.34 (1.06-1.70)

.06
⬍.001
.01

1 [Reference]
0.94 (0.80-1.11)
1.37 (1.18-1.59)
1.01 (0.85-1.21)

.47
⬍.001
.91

Other
Comorbid conditions
COPD
Cancer
Heart failure b
Diabetes mellitus
Chronic renal failure
Immunosuppression
Cirrhosis
Hematologic cancer
HIV
Age, per year

1.14 (0.85-1.53)

.39

1.21 (1.07-1.38)
1.33 (1.15-1.53)
1.45 (1.25-1.70)
0.98 (0.83-1.15)
1.02 (0.87-1.20)
1.83 (1.47-2.28)
2.14 (1.68-2.74)
1.05 (0.76-1.45)
0.90 (0.53-1.52)
1.01 (1.01-1.01)

⬍.01
⬍.001
⬍.001
.79
.81
⬍.001
⬍.001
.75
.69
⬍.001

Male sex
Mechanical ventilation

0.99 (0.89-1.09)
1.90 (1.70-2.13)

.82
⬍.001

Hemodialysis/hemofiltration
SAPS II score, per point
Infection

1.58 (1.35-1.85)
1.06 (1.05-1.06)
1.51 (1.36-1.68)

⬍.001
⬍.001
⬍.001

Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease; ED, emergency department; HIV,
human immunodeficiency virus; OR, odds ratio; SAPS II, Simplified Acute Physiology Score II.
a Adjusted for hospital and organizational factors and for geographical region.
b New York Heart Association class III-IV.
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morbid conditions and higher SAPS II
scores on admission.
As in other recent epidemiologic
studies,2-4,9,12,18-23 the most common focus
of infection in patients in our study was
the lung, followed by the abdomen and
bloodstream. Although studies have suggested an increasing incidence of grampositive organisms24 and the Sepsis Occurrence in Acutely Ill Patients (SOAP)
study reported an equal frequency of
gram-positive and gram-negative organisms,2 in the present study gram-negative
organisms were more commonly isolated
than gram-positive organisms. Patterns
of infecting organisms were similar to
those in previous studies, with predominant organisms being S aureus (the most
commonly isolated organism, despite the
overall predominance of gram-negative
organisms),Pseudomonasspecies,Enterobacteriaceae (mainly E coli), and fungi.2
Interestingly, Acinetobacter was involved
in 9% of all infections, similar to the rate
reported in the first EPIC study25 but considerably higher than the 3.6% reported
in the more recent SOAP study.2
There were significant regional differences in the organisms isolated from microbiological cultures, with a particularly
striking variation in the prevalence of Acinetobacter. Importantly, local infection
controlmeasuresmayalterinfectionrates,
particularly with Acinetobacter, because
it is present in the water supply of many
hospitals, and simple infection control
measures such as not flushing nasogastric tubes with tap water and separating
clean from dirty ventilator circuits can influenceinfectionrates.26,27 Thatdifferences
exist in rates of Acinetobacter infection
from one country to the next suggests an
opportunity for preventive control measures directed at the ICU environment.
Moreover, this finding also emphasizes
theimportanceofusinglocaldatatoguide
empirical antibiotic therapy.28 In multivariateanalysis,infectionwithAcinetobacter was associated with an increased risk
of hospital death. Given the high level of
resistance of Acinetobacter to many antibiotics, including carbapenems, and the
high associated mortality,29 this pathogen
presents a continuing challenge in today’s
ICU.InfectionswithPseudomonasspecies
2328

werealsoassociatedwithanincreasedrisk
of in-hospital death, as has been reported
in the SOAP study.2
EPIC II was conducted 15 years after
the original EPIC study,14 which was limited to Western Europe and included
slightly more than 10 000 patients. In
contrast to the EPIC study, in EPIC II we
did not focus our analysis on nosocomial infections, because we were concerned that it may be difficult to distinguish between community-acquired,
hospital-acquired, and ICU-acquired infections. As in the EPIC study14 and more
recently the SOAP study,2 there was a relationship between the prevalence of infection and mortality for the various
countries. Importantly, this relationship was present overall but also for
countries of Western Europe, which represent a more homogeneous region and
contributed most patients to this study.
We also noted a significant relationship
between the time spent in the ICU prior
to the study day and the development of
infection, particularly for infections due
to methicillin-resistant Staphylococcus aureus, Acinetobacter, Pseudomonas species, and Candida species.
The study also revealed important differences in outcomes in various parts of
the world. For example, mortality rates
were lower in Oceania, both overall and
in infected patients, than in other regions.
The reasons for this are not entirely clear,
although differences in patient characteristicsarelikelytobeatleastinpartresponsible. It is also possible that lead-time bias
may play a role, because patients may be
admittedtotheICUearlierinsomeregions
thaninothers.Thehugevariabilityincritical care services among North American
and European countries, with wide differences both in numbers of beds and in
volumes of admissions, has also been recently highlighted30 and is likely responsible for some of the regional differences
in our data.
Interestingly, the rate of infection was
related to the proportion of gross domestic product allocated to health care
expenses, because countries with lower
health care expenditures had higher
rates of infection. It would have been
interesting to further explore this re-
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lationship, perhaps considering also the
percentage of gross domestic product
allocated specifically to ICU spending
rather than to health care in general, but
we were unable to locate these data for
all countries. Clearly, multiple factors
can influence the relationship between health care spending and infection rates, including national antibiotic availability and policy, infection
control practices, vaccine availability
and use, and public health strategies and
educational programs to prevent infection, which we were not able to control for in this study. There are few data
available on this topic. One recent article,30 although reporting only a weak
correlation between ICU beds per
100 000 population and health care
spending per capita in 8 countries, did
note an inverse correlation between the
provision of ICU beds and the frequency of sepsis and hospital mortality using data from 2 large independent sources, the SOAP study2 and the
SAPS 3 database.31
Our study has advantages and limitations. An obvious strength is the international nature of the study, which
collected data on patterns of infection
in a large and diverse group of patients across all geographic boundaries. However, comparisons among
geographic regions should be interpreted with caution, because clearly
there are large differences in health care
systems, ICU facilities, and regional
policies for infectious disease management. Nevertheless, such a worldwide
study has the advantage that the apparent differences in practice patterns
can be used to probe independent influences of patient and management factors on epidemiology and outcome. To
avoid any possibility of industry influence, the study was not funded. The size
of this collaboration stresses the importance of the topic and the desire to
contribute to international projects
without financial incentive.
However, the voluntary nature of the
study can be a potential source of bias.
Moreover, the high proportion of university hospitals may have led to a patient case-mix that is not representative
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of all ICUs. Another disadvantage is that
there was no data monitoring, and results relied on the correct interpretation and use of the various definitions
provided. A prevalence study has the advantage of requiring a relatively limited
data set while including a large number
of patients; however, prevalence studies can overestimate the number of patients with diseases of long duration, such
as sepsis. Lastly, although the study date
was chosen to minimize seasonal effects as much as possible, there is no way
to be completely sure that such effects
did not influence the results.
CONCLUSIONS
The EPIC II study demonstrates that infections remain a common problem in
ICUpatients.Thereisastrongrelationbetween presence of infection and length of
ICU stay and mortality as well as a significant inverse relation between the prevalence of infections and extent of government health care expenditure. Major international differences exist in the
prevalence of infections, types of infecting microorganisms, and mortality rates.
These important data provide a picture
of patterns of infection around the world,
whichcanenhanceunderstandingofglobal and regional differences and provide
pointers to help optimize infection prophylaxis and management.
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