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Abstract

The PEARLS study prospectively monitored selected nosocomial pathogens from 38 centres in 13 European, three Middle Eastern countries
and South Africa during 2001-2002. Extended specfdiactamase (ESBL) production rates amé&sgherichiacoli, Klebsiellapneumoniae,
and Enterobacter spp. were 5.4% (142/2609), 18.2% (401/2206) and 8.8% (204/2328), respectively, for all study sites. The overall ESBL
production rate for the combined Enterobacteriaceae was 10.5% (747/7143), highest in Egypt, 38.5%, and Greece, 27.4%, and lowest in The
Netherlands, 2.0%, and Germany, 2.6%. IEF, PCR and DNA sequencing determined 10.7% false positivédEntaraegter spp. when
using NCCLS guidelines to screen for ESBL production. The prevalence of nosocomial methicillin-reSigphgtococcus aureus and
vancomycin-resistarEnterococcus faecium was 32.4% (294/908) and 8.7% (83/949), respectively. PEARLS provides baseline data against
which prospective changes in resistant determinants and outcomes can be measured in this ongoing study.
© 2004 Elsevier B.V. and the International Society of Chemotherapy. All rights reserved.
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1. Introduction nants and patterns of common nosocomial pathogens in
38 multi-national centres that have agreed to longitudinal
Antimicrobial resistance among nosocomial pathogens follow up.
is a significant problem in most clinical settings adding  This study establishes a current baseline prevalence
to the cost of medical care and the morbidity and mor- of extended-spectrunf-lactamase (ESBL) producers in
tality of patients. The increasing occurrence of infections selected Enterobacteriaceae, vancomycin-resistatero-
with antibiotic-resistant microorganisms has required the coccus faecium (VRE) and methicillin-resistan&aphylo-
development of flexible and timely surveillance systems coccusaureus (MRSA) throughout participating institutions
for monitoring these problems. Several previous studies from 17 countries. Establishment of these baseline data
have documented the increasing incidence of various gen-is crucial for follow up intervention programmes to help
era of nosocomial pathogens in the past 10 ygarsS]. address the question of why ESBL rates are changing.
The Pan-European Antimicrobial Resistance Using Local Several studies offer compelling evidence for the associa-
Surveillance (PEARLS) study began in 2001 and is an tion of expanded-spectrum cephalosporin usage and ESBL
ongoing surveillance to examine the resistance determi-production in Enterobacteriaced4—7]. Third-generation
cephalosporin use, especially oxyimifielactam con-
mspondmg author. Telt1-615-599-8429; sumption, are_correlated yvith trends in ESBL infections,
fax: +1-847-303-5601. multi-drug resistant organisms and mortal[§,9]. Also,
E-mail address: sambouchillon@comcast.net (S.K. Bouchillon). there is some limited evidence that suggests that restricting
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the use of third-generation cephalosporins, usually in con- Antibiotic disks were manufactured by Oxoid Inc. (Og-

junction with barrier protection and other infection control densburg, New York). Mueller—Hinton agar used in testing

measures, reduces the incidence of methicillin-resistant was manufactured by Remel Inc. (Lenexa, Kansas). An or-

aureus infections and glycopeptide-resistant enterococcus ganism was interpreted as containing an ESBL if there was

carriers[10-12] These baseline surveillance data will be an increase of5mm in the inhibition zone of the combi-

used to identify selective pressures and determinants affect-nation disc when compared with that of the cephalosporin

ing the incidence of drug resistance in subsequent phasealone: cefotaxime/clavulanic acid—cefotaxin¥b mm or

of the study. ceftazidime/clavulanic acid—ceftazidime5 mm. Quality
control of antibiotic disks followed manufactures guidelines
(Oxoid) using the following ATCC strainglebsiella pneu-

2. Materials and methods moniae, ATCC 700603 andescherichia coli, ATCC 25922.

2.1. Study design 2.4. Molecular techniques

The PEARLS study collected isolates from 38 study cen- Because the NCCLS ESBL screening and confirmatory
tres in 17 countries between February 2001 and Decembertests are recommended only f6rcoli andK. pneumoniae,
2002. All specimens were from clinically documented noso- ESBL production amondenterobacter spp. was examined
comial infections isolated from blood, respiratory tract, urine more closely. Isoelectric focusing (IEF), PCR and DNA se-
(limited to no more than 30% of all isolates), skin, wound, quencing was performed on a random sample of 48 Enter-
fluids, and other well-defined sources. Only one isolate per obacter isolates confirmed ESBL negative or positive in a
patient and only species from the selected study group of or-2:3 ratio. IEF techniques have been described previously
ganisms were acceptel: faecium, Enterobacter cloacae, by Bradford et al[15]. PCR was performed on whole cell
Enterobacter aerogenes, Escherichia coli, Klebsiella pneu- lysates from all isolates with visiblg-lactamase bands cor-
moniae andS. aureus. The handling, processing and testing responding to TEM or SHV-type enzymes using the PCR
was performed by a central laboratory, Laboratories Inter- Master kit (Roche, Basel, Switzerland) with primers specific
national for Microbiology Studies (LIMS, Schaumburg, IL, for blargm and/orblasyy. Products generated from positive

USA). PCR reactions were cloned into the pCR2.1 TA cloning vec-
tor (Invitrogen, Carlsbad, CA) and nucleotide sequencing
2.2. Antimicrobial susceptibility testing performed using the Applied Biosystems automated DNA

sequencing system 3700 (Foster City, CA, USA). Sequence
Minimum inhibitory concentrations (MICs) were de- results were analysed using the EditSeq software program
termined at the central laboratory by broth microdilution (DNASTAR, Madison, WI, USA).
testing methods as recommended by the National Com-
mittee for Clinical Laboratory Standards (NCCLS) using
broth microdilution panels purchased from MicrosBan 3. Results
(Dade Behring Inc., Sacramento, CA, USA)3]. An-
timicrobial agents tested were: piperacillin/tazobactam, 3.1. Extended-spectrum g-lactamase (ESBL) producing
amoxicillin/clavulanic acid, cefotaxime, ceftazidime, cef- Enterobacteriaceae
triaxone, cefepime, ciprofloxacin, vancomycin, imipenem
and levofloxacin. Interpretive criteria followed published There were 7143 Enterobacteriaceae examined for ESBL
guidelines established by the NCCI[B4]. Quality control production Table 1. Of the 2609E. coli, 142 (5.4%) were
of Microscarf panels was performed using ATCC strains confirmed positive for ESBL from all centres. Overall ESBL

E. coli, ATCC 25922, Pseudomonas aeruginosa, ATCC production forK. pneumoniae was seen in 401 of 2206

27853,S. aureus, ATCC 29213, andEnterococcus faecalis, (18.2%) isolates. Initial NCCLS screening resulted in 204

ATCC 29212. (8.8%) positive ESBL producing isolates E&hterobacter
spp. NCCLS screening is not recommendedHoterobac-

2.3. ESBL determinations ter spp. because of the high number of false positive re-

sults. Because of this, it was necessary to perform additional
E. coli andK. pneumoniae were screened and confirmed confirmatory tests using molecular techniques for a subset

for ESBL activity according to NCCLS guidelind44]. of Enterobacter isolates to determine the incidence of false
Preliminary ESBL activity was determined by screening ce- positives in this group. IEF detectgdlactamases in 46 of
fotaxime, ceftazidime and ceftriaxone with MIGs1 mg/l the 48 (96%) NCCLS screened isolates. Nineteen of these

using broth microdilution panels. ESBL presence was con- were found to express only the Amg&lactamase that is
firmed by testing the following antibiotic disks: cefotaxime naturally occurring irEnterobacter spp. and were not posi-
(30n9), cefotaxime/clavulanic acid (30/1@), and cef- tive in either the ESBL screening or confirmatory tests. For
tazidime (3Qug), ceftazidime/clavulanic acid (30/1@). the strains where IEF show@dlactamase bands compatible
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Table 1

Incidence (%) of extended-spectrugalactamase (ESBL) producing En-
terobacteriaceae from 7143 isolates collected from 38 centres in 17 coun-
tries

Organism ESBL Total N % Total
producers 1)@

Escherichia coli 142 2609 5.4

Klebsiella pneumoniae 401 2206 18.2

Enterobacter spp. 204 2328 8B

Enterobacteriaceae spp. (total) 747 7143 10.5

@ Using the antimicrobial disk Phenotypic Confirmatory Tests for ES-
BLs as described foKlebsiella pneumoniae and Escherichia coli in NC-
CLS documents M100-S1Zable 2 [14].

b Results of sampling and DNA sequencing revealed 10.7%ntdr-
obacter ESBL producers to be false positives and, if extrapolated to all
Enterobacter isolates tested, would yield a lower % total of 7.8% for this
species.

with TEM or SHV-type enzymes, PCR testing resulted in
14 isolates positive for TEM type, eight isolates positive for
TEM plus SHV types and five isolates positive for SHV type
B-lactamases. In addition, DNA sequencing identified the
following SHV and TEM type enzymes: SHV-5, SHV-12,
TEM-1, TEM-4, TEM-12, TEM-24 and TEM-26. Of the 28
strains confirmed as ESBL producers by NCCLS method-
ology, 25 were confirmed to be positive by molecular tech-
niques resulting in three (10.7%) false positives using the
NCCLS criteria. There were no false negatives in this sub-
set of isolates. The observed ESBL production rate of 8.8%

positive rate determined in this small subset were consistent
in all the isolates ofEnterobacter spp. The overall ESBL
production rate for the Enterobacteriaceae in this study was
10.5%. The breakdown of these data by individual countries
is presented iffable 2 ESBL rates varied from a low of 2%

in The Netherlands to a high of 38.5% in Egypt and were
approximately three-fold higher in southern Europe (13.5%)
than northern Europe (4.7%).

3.2. Vancomycin-resistant E. faecium (VRE)

Vancomycin resistance was detected in 83 of the 949
(8.7%) E. faecium in this study Table 3. The highest rate
of VRE, 59.0%, was seen in the two centres from Portugal.
Further analysis revealed no significant difference between
the two centres: centre 1, 14/25 (56.0%); centre 2, 22/36
(61.1%). Five countries had1% VRE, but they contributed
fewer than 10 strains each. The incidence of VRE, exclud-
ing the countries with<10 isolates, ranged from 1.0% in
France to 59.0% in Portugal.

3.3. Methicillin-resistant S. aureus (MRSA)

Of the 908S. aureus reported in this study, 294 (32.4%)
were methicillin-resistantTable 3. Portugal (two centres)
had the highest incidence of MRSA at 88.5% (46/52). Two
countries, Lebanon (1/25 strains) and The Netherlands (1/50
strains), reported one isolate each. One centre in Saudi Ara-

could be crudely estimated to be 7.8%, assuming the falsebia had none. Excluding the extremes of these six centres,

Table 2
Incidence Wtotal (%)) of extended-spectrulactamase (ESBY) producers

in 7143 isolates of Enterobacteriaceae

Country N/total (%)

Totals

Enterobacter aerogenes Enterobacter cloacae

Escherichia coli Klebsiella pneumoniae

Northern Europe 64/371 (17.3) 14/643 (2.2)

Austria 2/60 (3.3) 1/81 (1.2)
Belgium 29/88 (28.4) 4/99 (4)
France 31/101 (26.7) 3/119 (2.5)
Germany 1/55 (1.8) 2/206 (1)
Switzerland 0/6 (0) 2/40 (5)
The Netherlands 1/61 (1.6) 2/98 (2)
Southern Europe 83/476 (17.4) 25/671 (3.7)
Croatia 3/43 (7) 1/66 (1.5)
Greece 8/53 (13.2) 6/65 (7.7)
Italy 20/148 (12.2) 13/198 (5.6)
Portugal 47/83 (49.4) 2/86 (2.3)
Slovenia 0/9 (0) 0/54 (0)
Spain 3/106 (2.8) 1/183 (0.5)
Turkey 2/34 (5.9) 2/19 (10.5)
Other countries 4/25 (16) 14/142 (9.9)
Egypt 1/2 (50) 0/2 (0)
Lebanon 1/8 (12.5) 2/25 (8)
Saudi Arabia 1/3 (33.3) 5/30 (13.3)
South Africa 1/12 (8.3) 7/85 (7.1)

Totals for all countries 151/872 (17.3) 53/1456 (3.6)

14/1016 (1.4)
3/152 (2)
3/152 (2)
0/214 (0)
41272 (1.5)
0/73 (0)
4/153 (2.6)

83/1265 (6.6)
12/181 (6.6)
30/124 (24.2)
30/304 (9.9)

5/162 (3.1)
0/74 (0)

3/289 (1)

3/131 (2.3)

45/328 (13.7)
6/14 (42.9)
16/82 (19.5)
16/81 (19.8)
7/151 (4.6)

142/2609 (5.4)

43/827 (5.2)
7/109 (6.4)
15/125 (12)

1/158 (0.6)
141235 (6)
4/58 (6.9)

2/142 (1.4)

281/1095 (25.7)
49/144 (34)
52/101 (51.5)
77/301 (25.6)
23/128 (18)
16/72 (22.2)
33/240 (13.8)
31/109 (28.4)

771284 (27.1)
3/8 (37.5)
14/66 (21.2)
12/69 (17.4)
48/141 (34)

401/2206 (18.2)

135/2857 (4.7)
13/402 (3.2)
51/464 (10.1)

35/592 (5.2)
21/768 (2.6)
6/177 (3.4)

9/454 (2)

472/3507 (13.5)
65/434 (15)

96/343 (27.4)
140/951 (14.3)
771459 (15.5)
16/209 (7.7)
40/818 (4.9)
38/293 (13)

140/779 (18)
10/26 (38.5)
33/181 (18.2)

34/183 (18.6)
63/389 (15.9)

747/7143 (10.5)

a Using the antimicrobial disk Phenotypic Confirmatory Tests for ESBLs as describedidosiella pneumoniae and Escherichia coli in NCCLS

documents M100-S12Table A [14].
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Table 3

Incidence (%) of vancomycin-resistaBhterococcus faecium (VRE) and

methicillin-resistanttaphylococcus aureus (MRSA)

Country

N/total (%)

VRE

MRSA

Northern Europe
Austria
Belgium
France
Germany
Switzerland
The Netherlands

Southern Europe
Croatia
Greece
Italy
Portugal
Slovenia
Spain
Turkey

Other countries
Egypt
Lebanon
Saudi Arabia
South Africa

Totals for all countries

26/386 (6.7)
9/62 (14.5)
1/29 (3.4)
1/97 (1)
9/128 (7)
3/18 (16.7)
3/52 (5.8)

57/530 (10.8)
2/38 (5.3)
7/42 (16.7)
8/201 (4)
36/61 (59)
0/43 (0)
3/130 (2.3)
1/15 (6.7)

0/33 (0)
0/2 (0)
017 (0)
0/3 (0)
0/21 (0)

83/949 (8.7)

89/352 (25.3)
12/50 (24)
21/50 (42)
14/49 (28.6)
12/102 (11.8)
29/51 (56.9)
1/50 (2)

182/443 (41.1)
8/66 (12.1)
28/50 (56)
45/100 (45)
46/52 (88.5)
3/26 (11.5)
31/109 (28.4)
21/40 (52.5)

23/113 (20.4)
419 (44.4)
1/25 (4)
0/25 (0)

18/54 (33.3)

294/908 (32.4)
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not specific for ESBLs irEnterobacter spp. thereby giving
false positive indications for ESBL in this species. By using
molecular techniques of IEF, PCR and DNA sequencing, it
was determined the NCCLS confirmatory criteria resulted
in 3/28 (10.7%) ofEnterobacter spp. gave a false positive
test for ESBLs. Using these data derived from this subset of
strains, the ESBL rate fdEnterobacter isolates in this study
could be crudely estimated to be 7.8%. No false negative
ESBLs were detected in the sampled subpopulation.

Since the first reports of vancomycin-resistant enterococci
(VRE) that began to appear in the late 1980s, VRE now ranks
third among antimicrobial resistant hosocomial infections
[2,19]. The geographical distribution and the importance of
VRE as a nosocomial pathogen have steadily increased in
the intervening 20 years. The incidence of VRE in the United
States has increased from 0.3 to 10.8% in intensive care units
from 1989 to 199520] and up again from 14% in 1977 to
17% in 1999[3]. Rates of VRE in nosocomial infections
are typically lower in Europe than the United States while
community reservoirs of VRE strains in humans and ani-
mals are quite commoj21]. Documented rates of VRE in
Europe have ranged between and 3% from 1995 to 1999
[3,22—-24] The higher VRE rate of 8.7% seen in this study is
due in part to the disproportionately high incidence of VRE
from the two centres in Portugal (59%). The 2001 European
Antimicrobial Resistance Surveillance System (EARSS) re-

the incidence of MRSA ranged from 11.5 to 56.9% with an ports a 21% (7/34) VRE rate for Portugal that, although not
average of 32.5%. The 41.1% incidence of MRSA seen in as high as the 59% reported here, is similarly dispropor-
the southern European countries was higher than the 25.3%ionate to that of other European centfé3]. Even after

seen in strains from northern European countries.

4, Discussion

excluding the data from Portugal, the VRE rates of 6.7%
in northern European and 4.5% in southern European (mi-
nus Portugal) centres represent a significant increase in VRE
rates in Europe since 1999.

Since first reports of methicillin resistance were published

This study establishes baseline data in selected centresrom Boston in 1968, methicillin-resistar® aureus has
for future assessment of prospective interventions which been reported as the most frequent cause of nosocomial in-
effects changes in antimicrobial resistance. These datafections in Americg2,25]. Like the ESBL producing En-
document current incidence rates during a 2-year periodterobacteriaceae and VRE, the prevalence of MRSA varies
from 2001 to 2002 of five common nosocomial pathogens: greatly from one geographical location to another and be-
ESBL producingK. pneumoniae, E. coli and Enterobac-
ter spp., vancomycin-resistanE. faecium (VRE) and
methicillin-resistantS. aureus (MRSA).

Previous reports from 1994 to 1999 place the incidence wise increased steadily over the last decade from 9.1% in
of ESBL producingKlebsiella spp. in Europe between 23
and 25%, and 5.4% fdE. coli, with wide variance among
geographical locationfl,16,17] The initial screening for
ESBL (cefotaxime, ceftazidime, or ceftriaxone MICs

1 mg/l) concurred with the NCCLS phenotypic confirmatory
test (ceftazidime or cefotaxime with and without clavu-

lanic acid) forE. coli andK. pneumoniae. The application
of this methodology to Enterobacteriaceae other tRan

coli and Klebsiella spp. remains controversial and is not

recommended by the NCCLBRS8]. Using this screening
and confirmatory methodology, the rate of ESBL producers tervention study of this type to date. This work in progress
for Enterobacter spp. was 8.8% (204/2328). However, the will determine the effects of uni- and multi-variables on the
NCCLS screening and confirmatory tests are sensitive butexpression of selected resistance mechanisms.

tween institutions within a given locatiof26]. Typically,
50% of allS. aureus recovered in nosocomial infections are
methicillin-resistanf2]. European MRSA rates have like-

1992 to 25% in 200R7—30] This study demonstrates a cur-
rent MRSA rate of 32.4%. MRSA rate varies widely among
the individual countries but were higher in southern Euro-
pean countries than northern European countries.

The PEARLS study is unigue in that it is providing use-
ful information on resistant determinants at local, regional
and national levels. Previous ESBL, VRE and MRSA stud-
ies have been limited to single unit outbreaks, individual
medical centres or a few centres within a limited geograph-
ical area. The PEARLS study is the largest prospective in-
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