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The accuracies of the MicroScan Pos ID and Rapid Pos ID panel systems (Baxter Diagnostic Inc., MicroScan
Division, West Sacramento, Calif.) were compared with each other and with the accuracies of conventional
methods for the identification of 25 Staphylococcus species and 4 subspecies. Conventional methods included
those used in the original descriptions of species and subspecies and DNA-DNA hybridization. The Pos ID panel
uses a battery of 18 tests, and the Rapid Pos ID panel uses a battery of 42 tests for the identification of
Staphylococcus species. The Pos ID panel has modified conventional and chromogenic tests that can be read
after 15 to 48 h of incubation; the Rapid Pos ID panel has tests that use fluorogenic substrates or fluorometric
indicators, and test results can be read after 2 h of incubation in the autoSCAN-W/A. Results indicated that
both MicroScan systems had a high degree of congruence (.90%) with conventional methods for the species
S. capitis, S. aureus, S. auricularis, S. saprophyticus, S. cohnii, S. arlettae, S. carnosus, S. kntus, and S. sciuri
and, in particular, the subspecies S. capitis subsp. capitis and S. cohnii subsp. cohnii. The Rapid Pos ID panel
system also had .90% congruence with conventional methods for S. epidermidis, S. caprae, S. warneri subsp.
2, S. xylosus, S. kloosii, and S. caseolyticus. For both MicroScan systems, congruence with conventional
methods was 80 to 90% for S. haemolyticus subsp. 1, S. equorum, S. intermedius, and S. hyicus; and in addition,
with the Rapid Pos ID panel system congruence was 80 to 89% for S. capitis subsp. ureolyticus, S. warneri
subsp. 1, S. hominis, S. cohnii subsp. urealyticum, and S. simulans. The MicroScan systems identified a lower
percentage (50 to 75%) of strains of S. lugdunensis, S. gallinarum, S. schleiferi, and S. chromogenes, although
the addition of specific tests to the systems might increase the accuracy of identification significantly.

The identification of Staphylococcus species and subspe-
cies in the clinical laboratory has been facilitated greatly by
the availability of rapid and miniaturized kit identification
systems, some of which may be processed and interpreted
by automated instrumentation combined with the latest
computer technology (16, 21). Species and subspecies iden-
tification can provide important information to predict clin-
ical significance and guide etiological diagnosis and the
management of infections, and when combined with strain
identification, it can be useful for epidemiological studies
(11, 20, 21). MicroScan (Baxter Diagnostic Inc., MicroScan
Division, West Sacramento, Calif.) markets MicroScan Pos
Combo Type 6 and Pos ID panels that can be read manually
with the MicroScan Microdilution Viewer or on MicroScan
instrumentation and Rapid Pos Combo Type 1 and Rapid Pos
ID panels that are processed and read by the MicroScan
autoSCAN-W/A automated microbial identification system
for the identification of Staphylococcus species as well as
some other gram-positive bacteria. The conventional dried
MicroScan panels (Pos Combo Type 5 and Pos ID) have
been evaluated by several groups (2a, 7a, 8, 13). In those
studies, the staphylococcal species tested included S. epi-
dermidis, S. capitis, S. warneri, S. haemolyticus, S. homi-
nis, S. saprophyticus, S. cohnii, S. xylosus, S. simulans, and
S. sciuri. A preliminary evaluation of the MicroScan Rapid
Pos ID panel with autoSCAN-W/A was conducted with a
wider range of species (Sa). The present study was under-
taken to evaluate the accuracies of the MicroScan Pos ID
and Rapid Pos ID panel systems for the identification of 25
different Staphylococcus species and to provide a large data
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base from previously characterized reference and collection
strains.

MATERIALS AND METHODS

Bacterial cultures. A total of 920 strains were tested and
included the following Staphylococcus species and subspe-
cies and the number of isolates tested: S. epidermidis, 152;
S. capitis subsp. capitis (human), 53; S. capitis subsp.
ureolyticus (primate), 17; S. caprae, 11; S. warneri subsp. 1
(human), 45; S. warneri subsp. 2 (nonhuman primate), 10; S.
hominis, 149; S. haemolyticus subsp. 1 (human), 66; S.
haemolyticus subsp. 2 (nonhuman primate), 5; S. lugdunen-
sis, 24; S. aureus, 58; S. auricularis, 22; S. saprophyticus,
50; S. cohnii subsp. cohnii (human), 27; S. cohnii subsp.
urealyticum (primate), 24; S. xylosus, 32; S. arlettae, 4; S.
equorum, 9; S. kloosii, 19; S. gallinarum, 7; S. simulans, 30;
S. carnosus, 5; S. intermedius, 30; S. schleiferi, 4; S. hyicus,
22; S. chromogenes, 19; S. caseolyticus, 2; S. lentus, 3; S.
sciuri, 21. These strains were taken from (i) national collec-
tions and/or those strains used in the original descriptions of
species and subspecies (1, 3-7, 12, 14, 17-19, 22-26), (ii)
clinical specimens, (iii) skin of healthy human volunteers and
animals, and (iv) skin of patients receiving antibiotic therapy
(9, 10). American Type Culture Collection (ATCC) strains
tested included 10209, 11249, 11631, 12162, 12600, 13509,
13548, 14990, 15292, 15305, 15730, 15796, 17917, 25614,
25615, 27836, 27837, 27838, 27839, 27840, 27842, 27843,
27844, 27845, 27846, 27847, 27848, 27849, 27850, 27851,
29059, 29060, 29061, 29062, 29070, 29663, 29750, 29966,
29967, 29968, 29969, 29970, 29971, 29972, 29973, 29974,
33750, 33751, 33752, 33753, 33754, 35538, 35539, 43764,
43808, 43809, 43957, 43958, 43959, 49324, 49325, 49326,
49327, 49328, 49329, 49330, and 49331. Deutsche Sammlung
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EVALUATION OF MICROSCAN POS ID SYSTEMS 739

TABLE 1. Differentiation of Staphylococcus species and subspecies by MicroScan Pos ID panel biochemical tests

Species and No. of % of strains positive for the following MicroScan system testsa:
subspecies strains CV MS NIT NOV PGR IDX VP OPT PHO BE PYR ARG PGT URE RAF LAC TRE MNS

S. epidermidis 152 0 100 75 0 1 9 82 100 82 0 0 64 80 93 5 79 3 2
S. capitis subsp. 53 2 94 96 0 0 0 96 100 2 0 0 100 0 0 0 0 0 81

capitis
S. capitis subsp. 17 0 100 100 0 0 0 100 100 0 0 0 100 24 94 0 29 0 88

ureolyticus
S. caprae 11 0 100 100 0 0 9 100 100 100 0 73 100 91 73 0 54 9 45
S. warneri subsp. 1 45 2 100 84 0 80 42 78 98 11 0 9 89 42 91 0 22 91 9
S. warneri subsp. 2 10 0 100 100 0 100 70 90 100 0 0 50 70 60 100 0 40 90 40
S. hominis 149 2 97 84 2 0 7 32 99 3 0 5 1 46 87 0 39 70 <1
S. haemolyticus 66 0 96 94 0 21 23 33 97 2 0 97 89 44 4 0 44 97 0

subsp. 1
S. haemolyticus 5 0 80 100 0 60 40 60 100 0 0 100 100 80 80 0 80 100 0

subsp. 2
S. lugdunensis 22 0 100 96 0 4 14 41 100 9 0 91 9 73 4 0 77 100 64
S. aureus 58 0 100 98 0 2 100 98 100 97 0 2 98 67 45 14 74 97 84
S. auricularis 22 0 96 77 4 4 0 0 100 0 4 9 73 14 0 0 0 23 0
S. saprophyticus 50 0 93 2 98 2 2 94 100 4 0 0 2 88 98 0 68 92 0
S. cohnii subsp. 27 0 100 0 100 32 0 82 100 18 0 0 0 0 4 0 0 93 37

cohnii
S. cohnii subsp. 24 0 100 21 100 100 0 38 100 12 33 17 0 100 96 0 88 96 42

urealyticum
S. xylosus 32 0 97 94 97 88 78 44 100 94 16 38 0 97 97 0 66 91 25
S. arlettae 4 0 100 25 0 100 0 0 100 25 0 0 0 100 0 0 100 100 0
S. equorum 9 0 100 100 100 22 0 11 100 22 33 11 11 78 67 0 0 0 11
S. kloosii 18 0 100 0 94 61 0 22 100 83 0 39 0 50 44 0 11 39 6
S. gallinarum 7 0 100 100 86 57 71 0 100 86 100 43 0 43 71 29 57 71 71
S. simulans 30 0 100 100 0 63 10 43 100 0 0 7 87 97 77 0 97 87 3
S. carnosus 5 0 100 100 0 0 0 80 100 100 0 20 100 100 0 0 0 0 0
S. intermedius 30 0 97 70 0 3 90 3 77 97 0 90 0 100 100 20 93 97 27
S. schleiferi 4 0 100 100 0 0 75 100 100 100 0 25 50 100 0 0 0 50 75
S. hyicus 22 0 100 100 0 73 0 0 96 100 0 0 9 91 32 0 100 96 68
S. chromogenes 19 0 100 100 0 0 53 5 95 90 0 10 16 100 10 0 90 74 16
S. caseolyticus 2 0 50 100 0 0 0 0 100 50 0 0 0 50 0 0 100 50 0
S.lentus 3 0 100 100 67 0 67 0 100 33 100 0 0 100 0 100 100 100 100
S. sciuri 21 0 100 100 100 71 95 5 100 100 100 0 0 62 0 0 67 90 100

a CV, Crystal violet; MS, Micrococcus screen (0.05 ,ug of bacitracin per ml); NIT, nitrate reduction; NOV, novobiocin resistance (1.6 ,ug/ml); PGR, 3-D-
glucuronidase; IDX, indoxyl phosphatase; VP (Voges-Proskauer) acetylmethylcarbinol production; OPT, optochin resistance; PHO, alkaline phosphatase; BE,
bile esculin hydrolysis; PYR, pyrrolidonase; ARG, arginine dehydrolization; PGT, l3-D-galactosidase; URE, urease; RAF, raffinose, acid formation; LAC,
lactose, acid formation; TRE, trehalose, acid formation; MNS, mannose, acid formation.

von Mikroorganismen (DSM) strains not cross-referenced
with ATCC strains included DSM 20673 and DSM 20677.
Reference strains of S. caprae, S. gallinarum, S. arlettae,
and S. equorum were obtained from L. A. Devriese (Faculty
of Veterinary Medicine, Gent, Belgium), and reference
strains of S. lugdunensis and S. schleiferi were obtained
from J. Fleurette (Centre National des Staphylocoques,
Faculte de Medecine Alexis Carrel, Lyon, France). For
quality control, the following strains were tested: for Micro-
Scan Pos ID, S. aureus ATCC 29213 and Enterococcus
faecalis ATCC 29212; for MicroScan Rapid Pos ID, S.
epidermidis ATCC 49134, E. faecalis ATCC 29212, Entero-
coccus durans ATCC 49135, Streptococcus bovis ATCC
49133, and Streptococcus pneumoniae ATCC 49136. These
strains were obtained from MicroScan. All of the nonrefer-
ence (unpublished) strains used in this study were charac-
terized and identified to the genus, species, and/or subspe-
cies level by using the characters and methods listed by
Kloos and Lambe (11) for the differentiation of Staphylococ-
cus species. Selected strains from each species were further
verified on the basis of their DNA relatedness to species
reference or type strains, using the DNA-DNA hybridization
techniques described previously (2, 18).

All strains were grown on Trypticase soy agar II supple-
mented with 5% sheep blood (BA) (BBL Microbiology
Systems, Cockeysville, Md.) at 35°C for 24 h. Cultures were
transferred twice on BA and checked for purity and viability
prior to use. Organisms to be tested on MicroScan Pos ID
and Rapid Pos ID panels were taken from the same BA plate.
Working cultures were maintained on BA slants and were

transferred every 8 weeks. Stock cultures were stored by
desiccation on steatite fish spine insulator beads at 4°C.
MicroScan system. MicroScan Pos ID panels were stored

at room temperature (22 to 26°C) and MicroScan Rapid Pos
ID panels were stored at 2 to 8°C prior to use. Panel and
inoculum preparation, panel rehydration and inoculation,
biochemical overlays (Pos ID only), incubation, reading of
the panels, and quality control were performed according to
instructions of the manufacturer (la, lb). All data were

processed through the statistical analysis programs currently
used for MicroScan clinical trials.
The MicroScan Pos ID panel uses 27 tests for the identi-

fication of members of the families Micrococcaceae and
Streptococcaceae and members of the genus Listeria. Iden-
tification is based on modified conventional and chromoge-
nic tests by detection of pH changes, substrate utilization,
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740 KLOOS AND GEORGE

TABLE 2. Differentiation of Staphylococcus species and subspecies by MicroScan Rapid Pos ID panel biochemical tests

Species and No. of % of strains positive for the following MicroScan system tests":
subspecies strains URE ALAR AGAL BGAL AGL BGL BGLR CELB CHB MANO NAG NGAL PHO ALA ARG CIT AGLT LEU

S. epidermidis 152 95 0 0 75 0 0 0 <1 0 0 1 0 89 <1 97 61 0 58
S. capitis subsp. capitis 53 0 0 0 0 0 0 0 0 0 0 0 0 0 0 98 9 0 62
S. capitis subsp.iureolyticus 17 18 0 0 6 0 0 0 0 0 0 0 0 0 0 100 0 0 0
S. caprae 11 36 0 0 91 0 0 0 0 0 0 0 0 100 9 100 18 0 9
S. viarneri subsp. 1 45 73 0 0 22 0 9 78 0 0 0 0 0 4 18 93 38 0 84
S. iwarneri subsp. 2 10 90 0 0 40 10 0 100 0 0 0 0 0 0 0 100 70 0 70
S. hominis 149 86 0 0 40 3 1 0 0 0 0 0 0 <1 3 76 64 0 97
S. haemolyticus subsp. 1 66 4 0 0 36 0 0 21 0 0 0 44 0 0 0 96 70 0 98
S. haemnolyticus subsp. 2 5 60 0 0 40 0 0 60 0 0 0 20 0 0 0 100 100 0 100
S. lugdunensis 24 21 0 0 58 0 0 0 0 0 0 4 0 4 0 54 0 0 71
S. aureius 58 7 0 0 72 81 24 0 0 2 0 0 0 100 55 97 79 0 95
S. auricularis 22 0 0 0 46 0 0 0 0 0 0 0 0 0 18 82 59 0 91
S. saprophyticus 50 100 0 0 56 2 0 2 0 0 0 58 0 0 0 54 26 0 98
S. cohnii subsp. cohnii 27 4 0 0 0 0 0 18 0 0 0 0 0 7 0 33 0 0 93
S. cohnii subsp. urealyticum 22 96 0 0 27 4 36 100 0 0 0 4 0 4 0 23 14 0 46
S. xylosus 32 100 0 69 84 3 3 91 0 0 0 19 0 84 0 56 16 0 81
S. arlettae 4 0 0 100 100 100 0 25 0 0 0 0 0 0 0 25 0 0 75
S. equorum 9 100 0 89 89 22 100 100 0 0 0 56 0 0 33 89 44 0 89
S. kloosii 19 53 0 58 53 79 0 47 0 0 0 37 0 74 74 26 68 0 84
S. gallinarum 7 86 0 100 57 29 100 57 29 0 0 29 0 86 14 71 100 0 100
S. simiulans 30 100 0 0 97 0 0 30 0 0 0 0 0 10 57 17 80 0 87
S. carnosius 5 0 0 0 100 0 0 0 0 0 0 0 0 100 60 40 0 0 40
S. intermediuis 30 63 0 3 100 60 0 3 0 0 0 7 3 97 0 100 93 0 100
S. sc hleiferi 4 0 0 0 25 0 0 0 0 0 0 0 0 100 75 50 50 0 100
S. hyicus 22 0 0 0 82 0 4 68 0 0 0 0 4 100 96 86 4 0 100
S. chromogenes 19 5 0 0 79 0 0 0 0 0 0 0 0 84 16 26 0 0 100
S. caseolyticus 2 0 0 0 100 50 0 0 0 0 0 0 0 0 100 100 100 50 100
S. lentus 3 0 0 100 100 100 100 0 100 0 0 100 0 0 67 100 100 0 100
S. sciuri 21 0 0 0 76 100 100 71 71 29 0 100 0 95 0 100 91 0 100

URE, Urease; ALAR, CL-L-arabinosidase; AGAL, a-D-galactosidase; BGAL, 3-D-galactosidase; AGL, ct-D-glucosidase; BGL, P-D-glucosidase; BGLR,
P-D-glucuronidase; CELB, P-D-cellobiosidase; CHB, P-D-N,N-diacetylchitobiosidase; MANO, ,B-D-mannosidase; NAG, N-acetyl-,B-D-glucosaminidase; NGAL,
N-acetyl-l3-D-galactosaminidase; PHO, acid-neutral phosphatase; ALA, L-alanine arylpeptidase; ARG, L-arginine arylpeptidase; CIT, L-citrulline arylpeptidase;
AGLT, L-glutamic acid arylpeptidase; LEU, leucine arylpeptidase; LYE, L-lysine arylpeptidase; MET, methionine arylpeptidase; PHE, L-phenylalanine
arylpeptidase; PYG, L-pyroglutamic acid arylpeptidase; TYR, L-tyrosine arylpeptidase; CEL, cellobiose, acid formation; GLU, glucose, acid formation; GLYC,
glycerol, acid formation; LAC, lactose acid formation; MAL, maltose, acid formation; MAN, mannitol, acid formation; MEL, melibiose, acid formation; RAF,
raffinose, acid formation; SAL, salicin, acid formation, SUC, sucrose, acid formation; TRE, trehalose, acid formation; ALR2, BGL2, PHO2, ALA2, PHE2,
AGL2, CLB2, and NAG2, higher positive activities for the corresponding enzymes.

growth in the presence of antimicrobial agents, or all three.
Of these, the following 18 tests are used for the identification
of Staphylococcus species: susceptibility to crystal violet,
0.05 pLg of bacitracin per ml, 1.6 ,ug of novobiocin per ml, and
optochin; reduction of nitrate to nitrite; P-D-glucuronidase,
indoxyl phosphatase, alkaline phosphatase, pyrrolidonase,
,-D-galactosidase, and urease activities; growth in 40% bile
and hydrolysis of esculin; Voges-Proskauer (acetylmethyl-
carbinol production); dehydrolization of arginine; and acid
formation from raffinose, lactose, trehalose, and mannose.
Pos ID panels were read visually after 15 to 48 h of
incubation at 35°C. The biochemical profile produced a
six-digit code number that MicroScan compared with an
updated data base, including data generated by this study,
for identification of the organism.
The MicroScan Rapid Pos ID panel uses 42 tests for the

identification of members of the families Micrococcaceae
and Streptococcaceae and members of the genus Listeria.
Identification is based on the hydrolysis of fluorogenic
substrates, pH changes following substrate utilization, pro-
duction of specific metabolic by-products, or the rate of
production of by-products after 2 h of incubation at 35°C
in the autoSCAN-W/A. The following tests are used for
the identification of Staphylococcus species as well as
certain other gram-positive bacteria: urease activity,
which is detected by an increase in pH; (X-L-arabinosidase,

o-D-galactosidase, 3-D-galactosidase, ct-D-glucosidase, 1-D-
glucosidase, ,B-D-glucuronidase, P-D-cellobiosidase, P-D-N,N-
diacetylchitobiosidase, 3-D-mannosidase, N-acetyl-3-D-glu-
cosaminidase, N-acetyl-p-D-galactosaminidase, acid-neutral
phosphatase, L-alanine arylpeptidase, L-arginine arylpepti-
dase, L-citrulline arylpeptidase, ot-L-glutamic acid arylpepti-
dase, leucine arylpeptidase, L-lysine arylpeptidase, methionine
arylpeptidase, L-phenylalanine arylpeptidase, L-pyroglu-
tamic acid arylpeptidase, and L-tyrosine arylpeptidase activ-
ity with release of the fluorophore 4-methylumbelliferone or
7-amino-4-methylcoumarin; and acid formation from cello-
biose, glucose, glycerol, lactose, maltose, mannitol, melibi-
ose, raffinose, salicin, sucrose, and trehalose. If activity
was present for a-L-arabinosidase, P-D-glucosidase, at-D-
glucosidase, N-acetyl-3-D-glucosaminidase, ,-D-cellobiosi-
dase, acid-neutral phosphatase, L-alanine arylpeptidase, or
L-phenylalanine arylpeptidase, the rate of release of the
fluorophore was measured and used to produce an additional
positive reaction when the particular enzyme demonstrated
high activity. The test reactions were read by the auto-
SCAN-W/A, and the results were converted to a 15-digit
biotype number and compared with the MicroScan updated
data base, including data generated by this study. The
MicroScan Data Management System and autoSCAN-W/A
software include probability tables used for species identifi-
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EVALUATION OF MICROSCAN POS ID SYSTEMS 741

TABLE 2-Continued

% of strains positive for the following MicroScan system testsa:

LYE MET PHE PYG TYR CEL GLU GLYC LAC MAL MAN MEL RAF SAL SUC TRE ALR2 BGL2 PH02 CLB2 ALA2 PHE2 AGL2 NAG2

92 5 48 0 1 0 97 99
89 2 32 0 2 0 96 100
88 0 6 0 0 0 82 100
64 0 18 45 0 0 100 100
87 56 84 2 16 0 96 98
100 20 60 10 0 0 100 90
93 45 96 <1 55 0 95 100
96 24 98 94 21 0 100 98
100 60 100 80 40 0 100 100
42 21 67 83 4 0 100 100
95 90 95 0 86 0 100 100
96 36 68 9 9 0 54 100
42 56 98 2 90 0 96 100
4 4 85 0 37 0 4 100
14 0 46 68 4 0 68 100
19 16 88 50 19 0 78 100
50 25 100 0 25 0 50 100
67 89 89 11 78 0 33 67
26 32 95 58 16 0 68 95
100 29 100 0 57 14 86 100
37 87 67 60 3 0 67 100
40 40 80 40 60 0 100 60
93 100 97 100 83 0 100 100
75 100 100 75 75 0 50 100
82 100 100 0 100 0 100 96
10 68 100 10 26 0 90 90

100 50 100 0 100 0 0 100
100 67 100 0 100 67 100 33
100 76 100 0 91 33 95 100

62 99 0
0 83 98
0 94 88
27 82 64
7 96 60
0 100 80

28 100 10
4 100 58
20 100 100
33 96 8
3 100 86
0 4 0

26 98 90
0 0 59

23 41 91
16 53 97
75 50 75
22 33 33
21 68 74
14 86 86
73 63 80
40 20 100
73 93 3
0 0 0
9 77 0
5 74 0
0 0 0
0 100 100
0 95 100

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

32
57
0
0
0
0
0
0
0

67
0

0 0 98 4
0 0 30 0
0 0 29 0
0 0 0 36
0 0 91 69
0 0 100 70
0 0 59 94
0 0 96 100
0 0 100 100
0 0 100 100
0 0 100 91
0 0 23 36
0 0 98 94
0 0 0 44
0 32 0 96
0 9 97 88
0 0 100 75
0 11 44 11
0 0 0 68

43 43 100 57
0 0 100 83
0 0 0 0
0 0 87 90
0 0 0 0
0 0 100 91
0 0 63 84
0 0 0 0

67 67 100 100
0 86 100 91

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0 87 0
0 0 0
0 0 0
0 100 0
0 2 0
0 0 0
0 0 0
0 0 0
0 0 0
0 4 0
0 98 0
0 0 0
0 0 0
0 0 0

27 0 0
3 50 0
0 0 0

33 0 0
0 47 0

71 43 0
0 0 0
0 100 0
0 97 0
0 100 0
0 100 0
0 53 0
0 0 0

100 0 0
86 91 0

0 <1 0 0
0 2 0 0
0 0 0 0
0 0 0 0
0 7 0 0
0 0 0 0
0 52 3 0
0 14 0 0
0 60 0 0
0 0 0 0
0 88 0 0
0 9 0 0
0 90 0 2
0 18 0 0
0 4 0 0
0 12 0 0
0 25 0 0
0 78 0 0
0 21 0 0
0 57 0 0
0 0 0 0
0 40 0 0
0 83 0 0
0 50 0 0
4 100 0 0
0 37 0 0

50 100 0 0
0 100 67 0
0 95 86 5

cation. Species are listed in order of the highest probability
up to a cumulative total of 99.9%.

RESULTS

The MicroScan Pos ID panel test results are given in Table
1. S. epidermidis, S. capitis, S. hominis, S. haemolyticus
subsp. 1, S. aureus, S. auricularis, S. saprophyticus, S.
cohnii subsp. cohnii, S. arlettae, S. equorum, S. kloosii, S.
carnosus, S. intermedius, S. hyicus, S. lentus, and S. sciuri
could be distinguished clearly from each other and other
Staphylococcus species on the basis of two or more key
characters or tests. Most strains of S. caprae could be
distinguished from S. epidermidis by their pyrrolidonase
activities. S. warneri shared many test results with S.
simulans and could be occasionally confused with this
species. S. haemolyticus subsp. 2, which was isolated from
nonhuman primates, shared many test results with S.
warneri subsp. 2, which was also isolated from nonhuman
primates, and could often be confused with this subspecies.
S. haemolyticus subsp. 2 could be distinguished from most
strains of S. simulans by its pyrrolidonase activity. Many
strains of S. lugdunensis could be distinguished from S.
haemolyticus by their acid formation from mannose and lack
of arginine dehydrolization. S. cohnii subsp. urealyticum
could be distinguished from most strains of S. xylosus and S.
gallinarum by its lack of indoxyl phosphatase activity and
from S. saprophyticus by its ,-D-glucuronidase activity. S.
gallinarum could be distinguished from most strains of S.
xylosus by its esculin hydrolysis. S. schleiferi could be
distinguished from most strains of S. aureus by its lack of
acid formation from lactose. Most strains of S. hyicus could
be distinguished from S. chromogenes by their P-D-gluc-
uronidase activities. S. capitis subsp. ureolyticus could be

distinguished from S. capitis subsp. capitis by its urease
activity. S. cohnii subsp. urealyticum could be distinguished
from S. cohnii subsp. cohnii by its urease activity and acid
formation from lactose. In general, subspecies isolated only
from human hosts (1, 18, 19) had fewer strains that demon-
strated a positive test than did their counterparts isolated
from a variety of primate hosts.
The MicroScan Rapid Pos ID panel test results are given

in Table 2. With the exceptions of S. lugdunensis, S.
gallinarum, and S. chromogenes, species could be distin-
guished readily on the basis of two or more key tests by this
system. S. lugdunensis could be distinguished from most
strains of S. haemolyticus by its lack of L-citrulline arylpep-
tidase activity. It could often be distinguished from S.
chromogenes on the basis of L-pyroglutamic acid arylpepti-
dase activity and lack of acid-neutral phosphatase activity.
Most strains of S. gallinarum could be distinguished from S.
equorum by their acid-neutral phosphatase activities. A
smaller percentage of S. capitis subsp. ureolyticus strains
demonstrated urease activity with the Rapid Pos ID system
compared with those that demonstrated urease activity with
the Pos ID system (18 versus 94%); however, many strains
(62%) of S. capitis subsp. capitis could be distinguished from
S. capitis subsp. ureolyticus by their leucine arylpeptidase
activities. S. cohnii subsp. urealyticum could be distin-
guished from S. cohnii subsp. cohnii by its urease and
,-D-glucuronidase activities. The human-adapted subspecies
S. warneri subsp. 1, S. haemolyticus subsp. 1, and S. cohnii
subsp. cohnii generally had fewer strains demonstrating a
positive test than did their counterpart primate- or simian-
adapted subspecies. The human-adapted subspecies S. capi-
tis subsp. capitis generally had more strains demonstrating
various arylpeptidase activities than did the primate-adapted
subspecies S. capitis subsp. ureolyticus.
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742 KLOOS AND GEORGE

TABLE 3. Identification of Staphylococcus species with the
MicroScan Pos ID and MicroScan Rapid Pos

ID panels: comparison of results

Species

S. epidermidis

S. capitis subsp.
capitis"

S. capitis subsp.
Ulreolyticus'

S. caprae

S. warneri subsp. 1"

S. ws'arneri subsp. 2"

S. hominis

S. haemolyticus
subsp. 1"

Pos ID Rapid Pos ID

Mean prob- Mean prob-

strains % of ability of % of ability of
strains correct stan correct

identifi- strains identifi-
cation cation

152 82 98 92 99
10 73 5 70
5 28 1 19
1 2 1 <1
2 <1

53 100 99 91 97
7 74
2 1

17 76 98 82 95
6 84 18 74

12 9
6 <1

11 NDb ND 91 98
9 10

45 64 97 80 96
16 30 11 47
9 5 4 1

11 <1 4 <1

10 60 96 100 96
40 28

149 74 95 85 97
15 67 7 71
7 30 7 28
3 11 1 6

66 80 93 83 99
14 63 11 62
6 6 3 19

3 <1

S. haemolyticus 5 40 83 60 99
subsp. 2' 60 19 40 65

S. lugdunensis 22/24' 64 99 62 96
18 49 8 78
14 3 17 26
4 <1 12 6

S. aureus 58 91 99 91 99
5 64 2 71
3 42 2 2

5 <1

S. aurZicularis 22 91 94 100 99
9 31

S. saprophyticUs 50 90 96 90 99
4 70 6 58
2 26 2 29
2 <1 2 2

S. cohnii subsp. 27 96 95 96 99
c ohnii" 4 81 4 66

S. cohnii subsp. 24/22' 67 97 82 97
urealyticurn" 12 51 4 82

21 5 14 14

Continiued

Species

S. x'losiis

S. arlettae

S. equorurn

S. kloosii

S. gallintruim

S. sitnulans

S. carnosus

S. intermediius

S. schleiferi

S. hyicus

S. chromnogenes

TABLE 3-Continued

Pos ID Rapid Pos ID

No. of Mean prob- Mean prob-
strains % of ability of % of ability of

sris correct strains correctstrains identifi- identifi-

cation cation

32 66 99 97 99
16 72 3 81
12 15
6 <1

4 100 97 100 99

9 89 98 89 99
11 <1 11 <1

18/19' 72 97 100 98
11 49
17 5

7 57 99 71 99
29 52 14 11
14 <1 14 <1

30 53 92 87 99
30 75 13 76
10 31
7 2

5 100 99 100 96

30 90 99 87 99
3 46 3 69
3 2 3 32
3 <1 7 2

4 50 95 75 99
50 45 25 40

22 82 98 86 99
14 66 9 52
4 <1 4 3

19 ND ND 68 99
16 84
10 45
5 10

S. caseolbticus 2 ND ND 100 99

S. lentuls 3 100 99 100 99

S. sciuri 21 100 95 100 99

" Identification of species was made by the MicroScan system. Subspecies
identification was not attempted in this study.

b ND, Not determined; not included in the Pos ID data base.
' The first number is that for the Pos ID panel, and the second number is

that for the Rapid Pos ID panel.

A comparison of the accuracy of the MicroScan Pos ID
and Rapid Pos ID panel systems in identifying Staphylococ-
cus species and subspecies is given in Table 3. Both systems
correctly identified .90% of strains of S. capitis subsp.
capitis, S. aureus, S. aluricularis, S. saprophyticus, S. cohnii
subsp. cohnii, S. arlettae, S. carnosus, S. lentus, and S.
sc iuiri at a probability of identification of .85% (x, 98%). The
Rapid Pos ID panel system also correctly identified .90% of
strains of S. epidermidis, S. caprae, S. warneri subsp. 2, S.
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xylosus, S. kloosii, and S. caseolyticus at a probability of
identification of .85% (x, 98%). Both systems correctly
identified between 80 and 90% of strains of S. haemolyticus
subsp. 1, S. equorum, S. intermedius and S. hyicus at a
probability of identification of .85% (x, 98%). The Rapid
Pos ID panel system also correctly identified between 80 and
89% of strains of S. capitis subsp. ureolyticus, S. warneri
subsp. 1, S. hominis, S. cohnii subsp. urealyticum, and S.
simulans at a probability of identification of .85% (T, 97%).
The MicroScan systems identified a lower percentage (50 to
75%) of strains of S. lugdunensis, S. gallinarum, S. schleif-
eri, and S. chromogenes at a probability of identification of
>85% (x, 98%).

DISCUSSION

The MicroScan Pos ID and Rapid Pos ID panel systems
provided a rapid and accurate method for identifying many
of the Staphylococcus species examined in this study. The
most commonly isolated human pathogenic species, e.g., S.
aureus, S. epidermidis, and S. saprophyticus, were identi-
fied at .90% accuracy by the Rapid Pos ID panel system; S.
epidermidis was identified at somewhat less accuracy (82%)
by the Pos ID panel system. The major veterinary species,
e.g., S. aureus, S. intermedius, and S. hyicus, were identi-
fied at .86% accuracy by the Rapid Pos ID panel system,
and S. hyicus was identified at only slightly less accuracy
(82%) by the Pos ID panel system. For the few species and
subspecies represented by fewer than 10 strains, results
should be considered preliminary. In the present evaluation,
a comparison of the MicroScan systems was made with the
recognized conventional methods (11, 15, 16) that were
compared with results of DNA-DNA hybridization and other
molecular analyses; however, although these methods are
very accurate and often quoted as standard, they are not
without slight error. Furthermore, several of the MicroScan
enzyme tests, including a-D-galactosidase, a-D-glucosidase,
and some of the arylpeptidases, might be considered as new
taxonomic characters for identifying species of staphylo-
cocci. In addition to identifying species, the MicroScan
systems have the ability to recognize subspecies of S. capitis
and S. cohnii, although the data base does not recognize
subspecies designations. For those species identified with a
low to moderate accuracy, additional tests could be imple-
mented to increase the accuracy significantly. For example,
S. lugdunensis demonstrates high ornithine decarboxylase
activity (5). S. gallinarum can be distinguished from S.
xylosus and S. equorum by its acid production from raffinose
by using a more sensitive or conventional carbohydrate plate
test (4, 13) and from S. equorum by its larger colony size and
growth at 37°C (24). S. schleiferi can be distinguished from
S. aureus by its lack of acid formation from maltose and
sucrose and from S. chromogenes by its clumping factor and
heat-stable nuclease activity and negative urease activity (5).
The urease test in the MicroScan Rapid Pos ID panel does
not appear to be as sensitive or discriminating as the test in
the Pos ID panel is. Some of the results of certain biochem-
ical tests (e.g., urease, ,B-D-galactosidase, and acid produc-
tion from several of the carbohydrates) were different from
those obtained by conventional methods or other commer-
cial rapid identification systems. These discrepancies may be
due, in part, to differences in incubation time, the nature of
the substrate-conjugate complex, substrate concentration,
indicator sensitivity, or all of the above. Most of the en-
zymes assayed are inducible; short incubation of the Rapid
Pos ID systems may not allow the de novo synthesis and/or

expression of these enzymes. Such discrepancies have been
accounted for in the probability matrix and, therefore, do not
account for the majority of identification errors.
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