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Production of extended-spectrum B-lactamases (ESBLs) is an important mechanism of B-lactam resistance
in Enterobacteriaceae. I1dentification of ESBLs based on phenotypic tests is the strategy most commonly used in
clinical microbiology laboratories. The Phoenix ESBL test (BD Diagnostic Systems, Sparks, Md.) is a recently
developed automated system for detection of ESBL-producing gram-negative bacteria. An algorithm based on
phenotypic responses to a panel of cephalosporins (ceftazidime plus clavulanic acid, ceftazidime, cefotaxime
plus clavulanic acid, cefpodoxime, and ceftriaxone plus clavulanic acid) was used to test 510 clinical isolates
of Escherichia coli, Klebsiella pneumoniae, Klebsiella oxytoca, Proteus mirabilis, Providencia stuartii, Morganella
morganii, Enterobacter aerogenes, Enterobacter cloacae, Serratia marcescens, Citrobacter freundii, and Citrobacter
koseri. Of these isolates, 319 were identified as ESBL producers, and the remaining 191 were identified as
non-ESBL producers based on the results of current phenotypic tests. Combined use of isoelectric focusing,
PCR, and/or DNA sequencing demonstrated that 288 isolates possessed bla;;,, ,- and/or blag,,, ,-derived
genes, and 28 had a bla,,y. ,, gene. Among the 191 non-ESBL-producing isolates, 77 isolates produced an
AmpC-type enzyme, 110 isolates possessed TEM-1, TEM-2, or SHV-1 f3-lactamases, and the remaining four
isolates (all K. oxytoca strains) hyperproduced K1 chromosomal f3-lactamase. The Phoenix ESBL test system
gave positive results for all the 319 ESBL-producing isolates and also for two of the four K1-hyperproducing
isolates of K. oxyfoca. Compared with the phenotypic tests and molecular analyses, the Phoenix system
displayed 100% sensitivity and 98.9% specificity. These findings suggest that the Phoenix ESBL test can be a

rapid and reliable method for laboratory detection of ESBL resistance in gram-negative bacteria.

Among members of the family Enterobacteriaceae, extended-
spectrum B-lactamase (ESBL) production is the most important
mechanism of resistance to B-lactam antimicrobial agents, and
there are an increasing number of reports of the clinical failure
of these drugs, especially in high-risk wards, such as intensive
care units (1, 17). ESBLs hydrolyze broad-spectrum cephalo-
sporins and monobactams, including oxyimino-cephalosporins
(expanded-spectrum cephalosporins, e.g., cefpodoxime, ceftaz-
idime, cefotaxime, or ceftriaxone), as well as older B-lactam
drugs; in addition, they are inhibited by clavulanic acid (CA)
(2). The vast majority of ESBLs are derivatives of the classic
TEM and SHV B-lactamases with one or more amino acid
substitutions (5). This explains the extended substrate profile
of ESBLs compared with that of parental enzymes (5, 9, 27)
and the variety of in vitro antimicrobial susceptibility patterns
observed in several gram-negative species (11).

Identification of ESBL-producing isolates based on pheno-
typic traits may be difficult because resistance to the extended-
spectrum cephalosporins and aztreonam of many strains pro-
ducing ESBLs is not readily detectable with routine susceptibility
tests based on the current National Committee for Laboratory
Standards (NCCLS) breakpoints (13, 15). The NCCLS thus
recommends the use of ESBL breakpoints for the indicator
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drugs (expanded-spectrum cephalosporins, e.g., ceftazidime or
cefpodoxime) to screen for potential ESBL production in
Escherichia coli and Klebsiella sp. Isolates for which the MICs
of ceftazidime or those of cefpodoxime are =2 or =8 wg/ml,
respectively, should then be confirmed as ESBL-producing
strains by phenotypic testing based on synergy between CA and
extended-spectrum cephalosporins, ceftazidime, and cefo-
taxime, and then reported as resistant for all penicillins, ceph-
alosporins, and aztreonam if this is found (22). However, in
some microorganisms, additional mechanisms of resistance,
such as AmpC-type enzymes, porin changes, and TEM and
SHYV B-lactamases with reduced affinities for B-lactamases in-
hibitors, can mask CA inhibition (30). In addition, other
ESBLs, such as CTX-M and some OXA B-lactamases are also
inhibited by CA (2, 26).

The sensitivity of ESBL screening can be improved by test-
ing isolates against more than one antimicrobial agent, al-
though positive results must still be verified with the confirma-
tory tests mentioned above. Recently, these procedures have
been revised and validated by Steward et al. (30) although CA
inhibition was ultimately observed for only 83.5% of the Kleb-
siella pneumoniae isolates initially identified as presumptive
ESBL producers. In this study, an algorithm based on pheno-
typic methods was suggested for evaluation of such isolates. In
1999, Thomson et al. (32) demonstrated the utility of using a
panel of various B-lactam drugs, alone and in combination with
CA, for detection of important B-lactamases in members of the
family Enterobacteriaceae, emphasizing the fact that no single
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TABLE 1. Distribution of bacterial strains studied according to
B-lactamase production

No. of strains producing:

Species (no. of strains)

High K1 Other
ESBL AmpC B—lagtamase B-lactamases

E. coli (88) 48 0 0 40
K. pneumoniae (158) 118 0 0 40
K. oxytoca (18) 14 0 4 0
P. mirabilis (106) 76 0 0 30
P. stuartii (26) 17 9 0 0
M. morganii (12) 3 9 0 0
E. aerogenes (44) 18 26 0 0
E. cloacae (23) 8 15 0 0
S. marcescens (6) 1 5 0 0
C. freundii (21) 12 9 0 0
C. koseri (8) 4 4 0 0
Total (510) 319 77 4 110

drug alone can discriminate between ESBLs and high-AmpC
B-lactamases.

In this study, we evaluated the reliability of the Phoenix
ESBL test, a recently developed automated system for detect-
ing ESBLs in gram-negative bacteria, on a large number of
clinical isolates of Enterobacteriaceae. Isolates were character-
ized as ESBL and non-ESBL producers based on phenotypic
responses to five extended-spectrum cephalosporins, alone or
in combination with CA inhibitor. The results were then com-
pared with those obtained with ESBL phenotypic tests and
molecular analyses.

MATERIALS AND METHODS

Study isolates. The study was conducted on 510 nonrepetitive clinical isolates
of Enterobacteriaceae, many of which had been collected as part of a previously
published nationwide survey (29) (Table 1). The organisms were selected as
suspected ESBL producers based on findings of resistance or reduced suscepti-
bility to one or more extended-spectrum cephalosporins and/or ampicillin in
routine susceptibility studies using the standard broth microdilution method
(20). The study isolates were identified with the VITEK 2 system (bioMérieux,
Marcy I’Etoile, France) and/or the API 20E system (bioMérieux).

Quality control strains (E. coli ATCC 25922 and ATCC 35218, Pseudomonas
aeruginosa ATCC 27853, and K. pneumoniae ATCC 700603) were included.

Double-disk synergy test and E-test. The double-disk synergy test was per-
formed by a standard disk diffusion assay on Mueller-Hinton agar (Oxoid, Milan,
Ttaly) (10). Disks containing aztreonam, ceftazidime, cefepime, ceftriaxone, and
cefotaxime (30 g each) were placed at variable distances(20 to 30 mm from
center to center, depending on the species) around a disk containing amoxicillin
(20 pg) plus CA (10 pg). Enhancement of the inhibition zone toward the
amoxicillin-plus-CA disk was considered suggestive of ESBL production. The
synergistic activity of CA with both ceftazidime and cefotaxime was confirmed by
means of E-test special strips (AB Biodisk, Solna, Sweden) containing ceftazi-
dime or ceftazidime plus CA and cefotaxime or cefotaxime plus CA. Results
were interpreted according to NCCLS criteria only for the isolates of E. coli and
Klebsiella sp. (21).

Phoenix ESBL test. The Phoenix ESBL test used five wells containing the fixed
concentrations of the following drugs or drug combinations: cefpodoxime, ceftaz-
idime, ceftazidime plus CA, cefotaxime plus CA, and ceftriaxone plus CA. After
inoculation with each of the isolates, the panel was placed in the instrument and
continually monitored for growth. Results were interpreted according to the
algorithm shown in Fig. 1. At each decision point, the growth curve derived from
each well was evaluated. Growth curves were evaluated based on a series of
functions describing their intensity and shape. A series of mathematical functions
was used to determine a positive or negative growth response to a predetermined
threshold; when the decision point was at terminal node, the results were re-
ported.
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Molecular characterization of B-lactamases. Preliminary characterization of
B-lactamases was performed by isoelectric focusing (IEF) (18, 33). Crude prep-
arations of B-lactamases from isolates were extracted from 100 ml of Trypticase
soy broth culture subjected to five cycles of freezing and thawing followed by
centrifugation. The B-lactamase pls were determined by IEF with a Bio-Rad
(Hercules, Calif.) apparatus on prepared Ampholine PAG plate gels (pH 3.5 to
9.5; Bio-Rad). Gels were developed with 0.5 mM nitrocefin (Oxoid). Extracts
from strains producing TEM-1, TEM-2, and SHV-1 B-lactamases were used as
standards for pls of 5.4, 5.6, and 7.6, respectively. TEM and SHV B-lactamase
genes were amplified by PCR with primers 5'-ATGAGTATTCAACATTTCC
GTG (nucleotides [nt] 1 to 23, numbered from the start of the enzyme-coding
region) and 5'-TTACCAATGCTTAATCAGTGAG (nt 861 to 840) for bla 4y,
and with 5'-ATGCGTTATATTCGCCTGTG (nt 1 to 20) and 5'-TTAGCGTT
GCCAGTGCTC (nt 864 to 847) for blag,. PCR conditions included a 3-min
denaturation at 94°C; 35 cycles of 94°C for 45 s, 59°C for 1 min, and 72°C for 1
min 30 s; and a final extension period of 72°C for 10 min. Isolates that were
PCR-negative for TEM and SHV genes were subjected to PCR to amplify
blapx.a, blacrx.y, blagyy, and ampC-type genes using separate sets of primers
and conditions, as described elsewhere (8, 26, 30).

Sequencing of TEM, SHV, and CTX-M genes. The PCR bla g, bla;y,, and
blac7x.pr products were purified with the PCR Clean Up kit (Roche Diagnostic
Molecular Biochemicals, Monza, Italy), cloned in a pCR II vector (Advantage
PCR cloning kit; Clontech, Palo Alto, Calif.), and sequenced with an ABI Prism
377 Sequencer Analyzer (Applied Biosystems, Foster City, Calif.). Sequences on
both strands were analyzed with DNASIS software for Windows, version 2.1
(Hitachi Software Genetic Systems, San Francisco, Calif.) and confirmed by two
independent PCR experiments.

RESULTS

Initial classification of the isolates as ESBL positive or
negative. Double-disk synergy test was used for preliminary
classification of the isolates as ESBL positive or negative. Syn-
ergy between CA and at least one of the tested B-lactams was
observed for 319 of the 510 isolates studied. The E-test method
confirmed ESBL production in 180 (E. coli, K. pneumoniae,
and Klebsiella oxytoca) of the 319 isolates as evidenced by ratios
of the MIC of ceftazidime and/or cefotaxime to the MIC of
ceftazidime and/or cefotaxime plus CA of =8, according to
NCCLS criteria (21). For other 80 isolates (Proteus mirabilis
and Citrobacter koseri), E-test results suggested the presence of
an ESBL. All 191 double-disk-negative isolates had MIC ratios
less than 8 and were thus considered non-ESBL producers.

IEF and PCR testing. The 3-lactamases produced by the 319
isolates identified as ESBL positive were characterized by IEF
and PCR. Most of these isolates (288 of 319) showed electro-
focusing bands in the typical regions of TEM and/or SHV
enzymes (pl 5.2 to 6.5 and pI 7.0 to 8.2, respectively), and these
findings were consistent with the results of PCR, which re-
vealed the presence of bla,x,,, blag,,, or both in all 288 iso-
lates (Table 2). Twenty-eight of the 31 remaining non-TEM/
non-SHYV isolates presenting an IEF band with a pI of >8
contained a bla ., gene, as shown by PCR. All these isolates
possessed a CTX-M-1 enzyme. Three isolates were repeatedly
negative for bla x5, and bla,y 4 genes, and the identity of
these B-lactamases is still under investigation (Table 2).

Among the 191 isolates classified as non-ESBL producers on
the basis of negative synergy test results (Table 1), there were
4 isolates of K. oxytoca that were resistant or less susceptible to
cefuroxime, ceftriaxone, cefotaxime, and aztreonam but sus-
ceptible to ceftazidime and carbapenems, suggesting hyperpro-
duction of K1 B-lactamase enzyme. In IEF, each of the isolates
presented multiple B-lactamase bands with a single major band
at pI 5.2, 5.6, 5.9, or 6.1. When these isolates were tested by
PCR, a 155-bp amplicon was observed, consistent with the
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FIG. 1. Phoenix ESBL test algorithm. Abbreviations: POS, positive growth response to a predetermined threshold at 6 h; NEG, negative growth

response to a predetermined threshold at 6 h.

presence of the OXY-2 subtype enzyme (8). Within the group
of non-ESBL producers (Table 1), 77 isolates (the majority of
which were Enterobacter spp. and Citrobacter freundii strains)
for which the MICs of cefoxitin were =32 pg/ml showed IEF
bands with pls of =8.3 and were PCR positive for the ampC-
type gene, indicating the presence of an AmpC-type B-lacta-
mase. As for the remaining 110 isolates (E. coli, K. pneu-
moniae, and P. mirabilis strains) (Table 1), whose MIC patterns
suggested the presence of Bush group 2b enzymes, IEF find-
ings were compatible with the production of TEM-1 (pI 5.4),
TEM-2 (pI 5.6), and SHV-1 (pI 7.6) (25). Sequencing of PCR
products obtained from these 110 isolates using oligonucleo-
tide primers for bla,, and bla g, demonstrated that all pro-
duced a TEM or SHV ancestral B-lactamase.

Phoenix ESBL testing. The performance of the Phoenix
ESBL test was evaluated on all 510 isolates included in the
study. This system identified 321 isolates as ESBL producers,
including 319 that were ESBL positive and two (K. oxytoca
isolates) that were ESBL negative in synergy testing. The re-
maining 189 isolates were correctly identified as ESBL nega-
tive by the Phoenix test. When the test was repeated for those
isolates with discordant results, the discrepancies between the
two methods remained. Comparison of Phoenix results with
those of the double-disk synergy test revealed 100% sensitivity
and 98.9% specificity for the Phoenix test and concordant
results for 99.6% of the strains tested. For the two false-posi-
tive K. oxytoca isolates, results of synergy testing had been
confirmed by molecular analyses that revealed the presence of
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TABLE 2. TEM, SHV, and CTX-M genes in ESBL-producing isolates

ESBL type (no. of genes)

Speci Total no.
pecies
TEM SHV TEM and SHV Non-TEM or non-SHV of genes
E. coli TEM-20 (5) SHV-5 (2) TEM-1/SHV-5 (7) CTX-M-1(11) 48
TEM-60 (3) SHV-12 (18) TEM-1/SHV-12 (2)
K. pneumoniae TEM-20 (2) SHV-5 (25) TEM-52/SHV-1 (4) 118
TEM-26 (5) SHV-12 (70) TEM-1/SHV-5 (10)
TEM-52 (2)
K. oxytoca TEM-26 (6) SHV-12 (3) TEM-1/SHV-12 (2) 3 14
P. mirabilis TEM-20 (3) 76
TEM-26 (4)
TEM-47 (2)
TEM-52 (66)
TEM-87 (1)
P. stuartii TEM-52 (14) TEM-52/SHV-1 (3) 17
M. morganii TEM-43 (1) SHV-5 (2) 3
E. aerogenes TEM-26 (1) SHV-12 (4) CTX-M-1(10) 18
TEM-52 (3)
E. cloacae TEM-20 (5) SHV-12 (3) 8
S. marcescens TEM-12 (1) 1
C. freundii TEM-26 (1) SHV-12 (4) CTX-M-1 (7) 12
C. koseri TEM-20 (3) SHV-12 (1) 4
Total 128 132 28 31 319

¢ Unidentified genes.

bla,xy.»> gene. As expected (based on their susceptibility pro-
files), these two strains were K1 enzyme hyperproducers.

DISCUSSION

B-Lactam resistance among clinical isolates is a growing
problem, and the identification of Enterobacteriaceae produc-
ing ESBLs and other emerging B-lactamases will soon be im-
perative for clinical microbiology laboratories (2, 14). Any
method used for this purpose must be capable of discriminat-
ing between the various enzymes conferring resistance to these
agents, and the ideal method will provide this information
rapidly. However, laboratory detection of ESBLs can be prob-
lematic, because in many cases conventional breakpoints for
resistance are not reached (7, 12), and in Europe up to 35% of
putative ESBL-producing Klebsiella spp. are incorrectly re-
ported to be susceptible to expanded-spectrum cephalosporins
or monobactams (1, 16). Because of their different enzymatic
properties, ESBL producers vary in their capacities to hydro-
lyze specific B-lactam drugs. For example, organisms that pro-
duce TEM-10 and TEM-26, the most common ESBLs in the
United States, have very high rates of resistance to ceftazidime
and aztreonam, while the growing family of CA-sensitive
CTX-M B-lactamase producers can hydrolyze cefotaxime at
least 150 times more efficiently than ceftazidime (3, 4, 23).
Confounding factors, such as the production of different 3-lac-
tamases by the same organism, can also lead to erroneous
phenotypic conclusions. As reported by Bush (4), clinical iso-
lates producing as many as five distinct B-lactamases have been
identified, and this makes it difficult to assess the contribution
of each enzyme to a given resistance phenotype. Moreover, the
phenotypic response is the result not only of the hydrolytic
affinity of a given enzyme for its B-lactam substrate but also of
the amount of enzyme produced. For this reason, initial efforts
to improve detection of ESBLs in clinical isolates have in-

cluded the use of higher than standard inocula in MIC tests (7,
31). However, interpretative criteria for tests with high inocula
have proved to be controversial, since they may lead to false
reports of resistance (31).

ESBL production must also be differentiated from chromo-
somal B-lactamase (called K1 or KOXY) hyperproduction,
which is encountered in some isolates of K. oxytoca (7). K1
hyperproducer organisms have a typical antibiogram charac-
terized by resistance to aztreonam and cefuroxime, moderate
resistance to ceftriaxone, and susceptibility to ceftazidime. For
this reason, ceftazidime must be included in the panel of an-
tibiotics used in routine susceptibility testing (14, 15). In addi-
tion, CTX-M type ESBLs, which are more closely related to K1
than to TEM and SHV, produce resistance to cefotaxime,
ceftriaxone, and (usually) aztreonam, but, again, not to cefta-
zidime (15).

Considerable attention has therefore been focused on the
selection of drugs to use in ESBL detection tests, and a number
of approaches have been proposed (4). Currently, two NCCLS-
approved methods are the procedures most widely used to
detect ESBL in E. coli, K. pneumoniae, and K. oxytoca (21). In
the first (screening test), ceftazidime or cefpodoxime is used as
an indicator drug, and isolates with reduced susceptibilities to
these drugs are considered to be resistant to all oxyimino-
cephalosporins. The second (confirmatory test) detects synergy
between cephalosporins and CA. The double-disk test (10),
three-dimensional test (31), E-test ESBL, and, alternatively,
automated susceptibility testing systems like the Vitek ESBL
can be used to screen for ESBL production. The NCCLS (21)
has also recommended combined-disk methods; such com-
bined disks are marketed by Oxoid (Combination Disk), BD
Diagnostics, and Mast (MAST double disk [MDD]): this ap-
proach involves the comparison of inhibition zones produced
by cefotaxime (30 pg) or ceftazidime (30 pg) disks with those
produced by the same drug combined with CA (10 pg). M’Zali
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et al. (19) compared the MDD test, standard double-disk
method, and E-test ESBL on a wide range of ESBL, non-
ESBL, and class 1 B-lactamase-producing isolates. MDD cor-
rectly identified 93% of ESBL producers using both agents,
whereas use of the ceftazidime and cefotaxime pairs alone
achieved 86 and 65.5% sensitivity, respectively. However, an-
other combination disk method (Oxoid), which uses cefpo-
doxime (10 pg) as a partner agent for CA (1 pg), has been
reported to detect ESBL-positive Klebsiella strains with 100%
sensitivity and specificity (6). This method makes it possible to
distinguish isolates with AmpC or K1 enzymes, whose cefpo-
doxime inhibition zone is not enhanced by CA. This is not
surprising, because cefpodoxime itself has proved to be useful
in ESBL screening tests. This compound has proven to be an
accurate indicator of ESBL or AmpC production in isolates of
E. coli or K. pneumoniae, although no single drug was able to
completely discriminate between the two types of B-lactamases
(28).

The automated short-incubation Phoenix system uses five
cephalosporins, alone or in combination with CA (see Mate-
rials and Methods). The system is easy to use and does not
require subjective interpretation of results. After the five-well
panel has been manually inoculated, it is continually moni-
tored, and final readings of growth (compared to a preset
threshold) are provided after a very short period of incubation
(approximately 6 h). Although both the Phoenix and Vitek
ESBL tests have automated growth monitoring systems, the
latter method utilizes only two antibiotics, cefotaxime and
ceftazidime, alone (0.5 pg/ml) and in combination with CA (4
pg/ml) (27). The use of a more complete drug panel has been
recommended by the NCCLS (20). Thomson et al. (32) dem-
onstrated that maximum differentiation of ESBL, high AmpC,
high K1, and other B-lactamase production in Enterobacteri-
aceae could be achieved with a panel of five indicator drugs:
cefpodoxime, cefpodoxime plus CA, ceftazidime, ceftriaxone,
and ceftriaxone plus sulbactam.

In the present study, which is the first evaluation of the
Phoenix ESBL test, the system provided accurate results when
tested against the double-disk synergy test, with 100% sensi-
tivity and 98.9% specificity. Good discrimination between
ESBL and non-ESBL producers was observed for all species
tested, with a false-positive rate of 0.6% and no false negatives.
The Phoenix ESBL test performed well with K. pneumoniae, E.
coli, P. mirabilis, Providencia stuartii, and also with Enterobacter
aerogenes, Enterobacter cloacae, Morganella morganii, Serratia
marcescens, C. freundii, and C. koseri. For K. oxytoca isolates,
the Phoenix panel should in theory be able to distinguish ESBL
producers from high-level K1 producers, but two K1 B-lacta-
mase-hyperproducing isolates were incorrectly identified as
ESBL producers, resulting in the only two observed false-
positive results. The occurrence of false-positive and false-
negative results has also been reported with other ESBL de-
tection methods (6, 27). Sanders et al. (27), for example,
observed that, of the 60 strains of K. oxytoca studied, all but 1
of the 19 strains producing ESBL or high levels of non-ESBL
Bush group 2be enzymes were classified as ESBL positive by
the Vitek ESBL system. Unfortunately, the system did not
distinguish ESBL producers from K1 hyperproducers among
these isolates. As previously observed (6), this information is
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important for surveillance purposes as well as for patient care
since it influences the choice of further antibiotics to test.

The Phoenix ESBL system proved to be capable of identi-
fying ESBL producers within various genera of the family
Enterobacteriaceae, including Enterobacter, Citrobacter, Mor-
ganella, and Serratia. These four genera were included in minor
part by Sanders et al. (27) in their evaluation of the Vitek
ESBL test, although the method was found to be highly sen-
sitive and specific, when compared to the double-disk test, for
detection of ESBLs in E. coli, K. pneumoniae, and K. oxytoca
isolates. Thomson et al. (32) maintain that separate criteria
should be used for interpreting tests with K. pneumoniae and K.
oxytoca due to the presence of the K1 B-lactamase in the latter
species. In the flow chart proposed by the authors for the
identification of B-lactamase groups in Enterobacteriaceae iso-
lates, Enterobacter spp./C. freundii, Serratia spp., and E. coli and
K. pneumoniae were separated from each other.

In the present study, molecular analyses confirmed the re-
sults of double-disk synergy test for all of the isolates, including
the two K. oxytoca isolates (K1 hyperproducers) that produced
false-positive results in the Phoenix ESBL test. Considerations
on the prevalence and types of ESBLs in our isolates are
beyond the aim of this report since the isolates we examined
were a selected population. We would like, however, to under-
line the relative abundance of TEM-52, especially in isolates of
P. mirabilis, and SHV-12 in isolates of K. pneumoniae, which is
consistent with the results of Perilli et al. (24).

Despite the introduction of very promising molecular meth-
ods (e.g., DNA probes, PCR, nucleotide sequencing, and chip
technology) and the known limitations of phenotypic methods,
the latter are currently considered by many the simplest and
most cost-effective strategies for detection of ESBLs among
gram-negative bacteria. The Phoenix ESBL test may prove to
be a valid alternative to the methodologies currently used for
routine evaluation of B-lactam resistance in clinical microbiol-
ogy laboratories.
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