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Over the past 6 years, a revised classification of the streptococci and enterococci, based primarily on

molecular techniques such as 16S rRNA sequencing and DNA-DNA hybridization, emerged. However, little
attention was placed on routine physiological tests that could be used in food and clinical laboratories to
differentiate between species of a new genus, Enterococcus, and fecal Streptococcus spp. The purpose of this
study was to devise a convenient and reliable system to identify enterococci and fecal streptococci by using
conventional procedures. Fifty-nine strains of 13 Enterococcus spp., including the type strains and many strains
used by previous investigators, were characterized by using conventional tube tests, the API Rapid Strep
system, and MicroScan Pos ID panels. Results were compared with each other and with previously published
results. A comparison of conventional tube tests versus published tube test results yielded 17 discrepancies.
Although not all tests were done with each of the three systems, 28 discrepancies between results obtained with
the API system and those obtained with conventional tube tests were found. There were 24 discrepancies
between results obtained with the MicroScan Pos ID panel and those obtained with conventional tube tests.
There were 12 discrepancies between the results with the API Rapid Strep system and those with the MicroScan
Pos ID panels. We devised flow charts of key tests that might be used to identify cultures without resorting to
nucleic acid analysis and other labor- and equipment-intensive analyses.

Enterococcus spp. inhabit the intestinal tracts of warm-
blooded animals and of insects (16). Therefore, these bacte-
ria have been useful as indicators of fecal contamination in
water and in foods (5). Because of the prevalence of certain
species of enterococci in the intestinal tracts of swine,
enterococci are implicated in the spoilage of pork products
(20). Enterococci and fecal streptococci are also receiving
increased attention because of their role in serious human
infections, such as endocarditis and bacteremia (17) and
diarrheal diseases in neonates (7).

In 1984, the genus Streptococcus was divided into three
genera: Enterococcus, Lactococcus, and Streptococcus
(19). The genus Enterococcus now contains 18 species,
differentiated primarily by the results of 16S rRNA and
DNA-DNA hybridization studies. In addition to the 13
species described in Table 1, five new species have been
proposed: Enterococcus sulfureus (15), which includes yel-
low-pigmented strains isolated from plants; E. columbae (6),
a species that dominates the intestinal flora of domestic
pigeons; E. dispar (4), composed of two strains of human
origin; E. seriolicida (14), a fish pathogen; and E. saccharo-
lyticus (18), previously named Streptococcus saccharolyti-
cus.

Initially, these species were phenotypically characterized
by using API 50CH and 20S systems in conjunction with
conventional tube tests (1-4, 6, 12, 14, 15, 18). However, the
API data base includes only 6 of the 13 tested enterococcal
species, and the data base for another system, the Micro-
Scan system, contains only 4 of the species. An identifica-
tion system with conventional tube tests exclusively was
introduced in 1989 by Facklam and Collins (9). However,
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conventional tube tests are cumbersome, costly, and labor
intensive, and the results are often difficult to reproduce
accurately in different laboratories.

In this study, we tested 59 strains of 13 species of
enterococci and fecal streptococci. These included selected
strains of each enterococcal species used in the original 16S
rRNA studies as well as each type strain. Two different rapid
systems and the conventional tube tests were compared. A
scheme was developed to identify 13 species of enterococci
and Streptococcus bovis and S. equinus. The test scheme
uses either the API Rapid Strep or MicroScan system plus a
minimum of supplemental tests.

MATERIALS AND METHODS

Strains. A total of 59 strains of 13 enterococci and S. bovis
and S. equinus were collected (Table 1). The type strains
used were obtained from the American Type Culture Col-
lection (Rockville, Md.) or Richard Facklam (Centers for
Disease Control, Atlanta, Ga.). Cultures were also obtained
from the National Collection of Food Bacteria (Shinfield,
Reading, England), MicroScan (Baxter Diagnostics, Deer-
field, Ill.), Marcia Etheridge (Baltimore, Md.) (7), and the
culture collection of Paul A. Hartman (Iowa State Univer-
sity, Ames).

Stock cultures were maintained on brain heart infusion
(BHI) slants at 5 to 10°C and transferred monthly. Stock
cultures were also frozen in 10% glycerol and stored at -70
to -1000C.

Tests. All cultures were Gram stained as they were ob-
tained to verify that they were gram-positive cocci. Each
culture was also tested for the presence of catalase before
being inoculated to the test panels.
The ortho-nitrophenyl-,3-D-galactopyranoside (ONPG)

test (21) was used to determine the presence of 3-galactosi-
dase. All other conventional tube tests were performed as
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TABLE 1. List of strains useda

Species Strain(s)

E. avium ATCC 14025, 49462, 49463, 49465; NCDO
2366; SS-1_; A"; Bb

E. casseliflavus ATCC 25788, NCDO 2376, 7765F," 443," A8"
E. cecorum ATCC 43198, NCDO 2674
E. durans ATCC 19432, NCDO 498, PAH 940," 15-20b
E. faecalis ATCC 4082, 19433, 35038, 49477, 49478;

NCDO 581; R187ab; 334-2b
E. faecium ATCC 349, 19434; NCDO 502; R169ab;

R281ab; 2100b; 2124b
E. gallinarum ATCC 49573; NCDO 2311, 2315, 2704
E. hirae ATCC 9790; NCDO 1631, 1648, 2683; MEC
E. malodoratus ATCC 43197, NCDO 847
E. mundtii ATCC 43186; NCDO 582, 2374, 2377
E. pseudoavium SS-1277,d NCDO 2138
E. raffinosus SS-1278d
E. solitarius SS-1279d
S. bovis ATCC 9809, 33317; H-12"; H-24b
S. equinus ATCC 9812

a See the text for sources not listed in footnotes b through d.
b From the culture collection of Paul A. Hartman.
c From M. E. Etheridge.
d From R. R. Facklam.

described by Facklam and coworkers (8, 9, 10) and Gross et
al. (13). Motility was determined by using modified Difco
motility medium (Difco Laboratories, Detroit, Mich.) or wet
mounts of cultures grown in BHI broth at 30 and 37°C (21).
Cultures were monitored for yellow pigmentation on cotton
swabs used to pick up growth from BHI agar plates incu-
bated overnight.

Serogrouping for groups A, B, C, D, F, and G was

accomplished by using the Streptex grouping kit (Wellcome
Diagnostics, Research Triangle Park, N.C.). 3-Hemolysis
was determined by observation of 24-h growth on a plate of
tryptone soy agar-5% sheep blood (BBL Microbiology Sys-
tems, Cockeysville, Md.).
Inoculum preparation for the API Rapid Strep system

(Analytab Products, Inc., Plainview, N.Y.) was carried out

on blood agar plates as indicated in the manufacturer's
directions but without anaerobic incubation. The test strips
were inoculated, overlaid with mineral oil where specified,
incubated, and read as indicated in the manufacturer's
directions. After 4 h of incubation, Zyme A and B reagents
(Analytab) were added to the enzyme tests, ninhydrin solu-
tion was added to the hippurate test, and reagents A and B
were added to the Vogues-Proskauer (VP) test; the results of
these tests were recorded. The results of the remaining tests
were determined after incubation of the panel for 18 to 24 h.

Inoculum preparation for the MicroScan Pos ID panels
(Baxter Diagnostics, Deerfield, Ill.) was carried out by the
log-phase technique specified by the manufacturer. The
panels were inoculated, covered, and incubated at 37°C.
After 18 to 24 h of incubation, appropriate reagents were

added and the tests were interpreted as indicated in the
manufacturer's instructions.

RESULTS AND DISCUSSION
Table 2 shows the results of conventional tube tests. A

comparison of our results with published results (9) revealed
17 discrepancies among 87 instances in which comparisons
could be made. Every attempt was made to perform the tests
as specified in the literature, but the discrepancies appeared
repeatedly. These discrepancies are probably due to the
difficulty in accurately reproducing tube test results in dif-
ferent laboratories.
There was also a poor correlation between results ob-

tained with the API and MicroScan systems and those
obtained with conventional tube tests (Table 2). There were

28 discrepancies between API results (see Table 4) and
conventional tube test results (Table 2). There were 24
discrepancies between MicroScan results (Table 3) and
conventional tube test results (Table 2).
Twelve discrepancies between the API Rapid Strep results

and MicroScan Pos ID system results were observed (Tables
2 and 3). VP test results were more variable when the API
Rapid Strep strips were used than when MicroScan panels
were used. Enterococcus cecorum and S. bovis test results
varied unpredictably on the API panels, but they were

TABLE 2. Conventional tube test results

Species Test result'
(no. of strains) l-Galactosidase Raffinose Sorbitol Pyruvate Sucrose Mannitol Hippurate Lactose Sorbose L-Arabinose Arginine

E. avium (8) (+) - + (+)b + + - + + +
E. casseliflavus (5) + (+) -C _ + + _ + - + _b,cd
E. cecorum (2) + + _ _ + _d + -

E. durans (4) + (-) _ _ - - v + - _ b,c,d
E. faecalis (8) +d - + Vb +c + c,d + - _ +
E. faecium (7) +d () _C - v + (_)d + - + +
E. gallinarum (4) + + _ - + + +C + - + _b,cd
E. hirae (6) + +b,d - + _d + _ - +
E. malodoratus (2) + + vc,d _ + + - + + _ +b,c,d
E. mundtii (4) + +b,d +b,c vb + + - + - + +
E. pseudoavium (2) (+)d + vb + + - + + _ _
E. raffinosus (1) - + + - + + _c,d + + + +
E. solitanius (1) -Vb,c,d +b + + _cd - +b,c,d +
S. bovis (4) +b,d + + v Vd + - +b,d +b,d
S. equinus (1) +b,d - _ - + + - +b,d _ +b,d +b,d

a +, Positive reaction (100%); -, negative reaction (100%); (+), 75% or greater show positive reaction; (-), 75% or greater show negative reaction; v, variable
(some strains positive, some strains negative).

b Discrepancy between Table 3 MicroScan results and Table 2 results.
c Discrepancy between published tube test results and Table 2 results.
d Discrepancy between Table 4 API results and Table 2 results.
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TABLE 3. MicroScan Pos ID panel results

Test result'
C

Species
(no. of strains) 0 4c

U,0tj0 0o~~ o
_° .cSCD~_~ 0Cc = ° O = C D D o C C* E EC

4) 0 ~~ 4 ~

E. avium (8) v + - + + - + + v - + + + v + + + - + +
E. casseliflavus (5) v + - + + - + + + + - + + + + + - + + + + + + +
E. cecorum (2) v + - + + + + - - + - + + + + - - - + + - +
E. durans (4) v + - + + - + + + + - + (+) + + - - + - - +
E. faecalis (8) + + - + + + + + + + - (+) + + + (+) (-) + - + +
E. faecium (7) v + - + + - + + + + - + + + + - + + - + +
E. gallinarum (4) v + - + + - + + + + - + + + + + - + + + + +
E. hirae (6) v + - + + - + + + + - - + + + + - - + - - +
E. malodoratus (2) v + - + + - + + (-) + - + + + + + v - + v + +
E. mundtii (4) v + - + + - + + + + - - + + + + - + + - + + +
E. pseudoavium (2) + + - + + - + + - + - - + + + + + - + - + +
E. raffinosus (1) v + - + + - + + - - - + + + + + + + + - + +
E. solitarius (1) v + - + + - + + + - v - - + + + + - _ _ + +
S. bovis (4) + + - + + - + - - - - + + v + - - - - v v +
S. equinus (1) + - - - + - + - - - - - - + + - - - - + - +

I +, Positive reaction (100%); -, negative reaction (100%); (+), 75% or greater show positive reaction; (-), 75% or greater show negative reaction; v, variable
(some strains positive, some strains negative).

always positive on the MicroScan Pos ID panels. On the
other hand, S. equinus was VP positive when tested with
API strips but VP negative on MicroScan panels. Because
the same ot-naphthol and KOH solutions were used for the
VP tests on both panels, these discrepancies are caused by
something other than the detection reagents.

P-Galactosidase results for Enterococcus faecalis and E.
pseudoavium were negative on API Rapid Strep panels,
whereas positive results were obtained for both species with
MicroScan Pos ID panels. Alkaline phosphatase test results
also differed. E. faecalis was alkaline phosphatase negative
when run on the API panel but positive when tested with the
MicroScan Pos ID panel. These discrepancies probably are
the results of differences between the methodologies of the
API Rapid Strep and MicroScan system ,B-galactosidase and
alkaline phosphatase tests. The API Rapid Strep panel
utilizes a naphthol-linked substrate, and color development
is detected after the addition of Zyme A and B reagents
furnished by API. The MicroScan Pos ID p-galactosidase
and alkaline phosphatase tests use para-nitrophenyl-0-D-
galactopyranoside (PNPG) andpara-nitrophenyl phosphate,
respectively, as substrates. Both enzyme reactions release
para-nitrophenol, which generates a yellow color. ,B-Galac-
tosidase tests were also conducted in test tubes (21) with
ONPG. ONPG is very susceptible to cleavage by ,B-galac-
tosidase and, as in the MicroScan test, releases a yellow
product. The product in this case, however, is ortho-nitro-
phenol. The only difference between the two tests is the
orientation of the nitrogen on the phenyl group, para or
ortho. The ONPG tube test results, except for those with S.
bovis and S. equinus, correlated well with the MicroScan
results (Table 2). It seems that the API Rapid Strep meth-
odology, at least for the 1-galactosidase test, is not as
sensitive as either the PNPG methodology of the MicroScan
system or the ONPG tube methodology.

Discrepancies in carbohydrate fermentation tests of the
API and MicroScan systems were also observed. Three

discrepancies in the sorbitol test were observed: Enterococ-
cus malodoratus showed a positive API result but was
variable on MicroScan panels; E. mundtii was also positive
for sorbitol when run on the API panel, but all four strains
were negative on the MicroScan panel; and E. solitarius was
sorbitol negative in the API tests and sorbitol positive in the
MicroScan tests. When a conventional tube method for
sorbitol fermentation was used (9), E. malodoratus, E.
mundtii, and E. solitarius produced variable, positive, and
variable results, respectively (Table 2). Thus, manual test
results failed to support the validity of the results of either
panel as superior to those of the other. Two discrepancies
were observed in the inulin test (Tables 3 and 4). E.
malodoratus was uniformly inulin negative on API panels;
variable results were obtained when MicroScan panels were
used. Only one discrepancy existed in the raffinose test:
variable results were obtained with Enterococcus hirae on
API Rapid Strep test strips, whereas negative results were
obtained on MicroScan Pos ID panels.
The six discrepancies seen in the carbohydrate fermenta-

tion tests for sorbitol, inulin, and raffinose are highly vari-
able. There was no consistent pattern wherein one panel was
positive and the other was negative. Both systems use
phenol red as the pH indicator, but there is a slight difference
in methodology. The API Rapid Strep system requires a
sterile mineral oil overlay on all carbohydrate tests to reduce
oxidative metabolism of the carbohydrates. The MicroScan
system does not utilize a mineral oil overlay. Therefore, the
discrepancies could be caused by the ability of some bacteria
to oxidatively metabolize the carbohydrates in the Micro-
Scan system but not in the API system. If this was the only
cause of the discrepancies, one would expect more negative
results from the API system and more positive results from
the MicroScan system. As was pointed out above, however,
this did not occur.
Also included in Tables 3 and 4 are two tests that were not

performed on either panel. Pigmentation is important for
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TABLE 4. API Rapid Strep test results

Test result'

6. C )0 CSpecies 5 0 0 0
(no. of strains) >1c u

0 0 0 0. u a.

E.c. Cu Cu-++0+ - + - 0

E. avium (8) + - + + - v - + + + + + + + (
E. casseliflavus(5) + - + + + - + - + + + + + - + + + + + - - + +
E. cecorum(2) Vb v + + + + + + + - - - + + + + +
E. duransl(4) + v + + + + - + + + - + + + + - () v
E. faecalis (8) + v + + (+ _b + + + (-) + + (+) + - - +
E. faecium (7) + v + + v _ + _ + + + + + + + + ( - +
E. gallinarum(4) + + + + + - + - + + + + + + + + + + + v +
E. hirae (6) + v + + (+) - + + + + _+ + - Vb +
E. malodoratus (2) + - + + + + + + + +b + + -b + v - - - -
E. mundtii (4) + - + + (+) + + + + + + +b + + - - v - - + -
E. pseudoavium (2) + - + + v b + + + + + +
E. raffinosus (1) + v + + + + + + + + + + - + v - - - -
E. solitarius (1) V" V + + + + + + -b +
S. bovis (4) + - + - v - - - + - v + v (+) + + + - - -
S. equinus (1) +b -++- - - --. - + _b

a +, Positive reaction (100%); -, negative reaction (100%); (+), 75% or greater show positive reaction; (-), 75% or greater show negative reaction; v, variable
(some strains positive, some strains negative).

b Discrepancy between the API Rapid Strep and the MicroScan system.

differentiating pigmented Enterococcus casseliflavus and E.
mundtii from nonpigmented enterococci and fecal strepto-
cocci. Motility tests are used to distinguish motile Entero-
coccus gallinarum and E. casseliflavus from nonmotile spe-
cies.

Figures 1 through 3 depict selected tests that can be used
to identify all 13 species of enterococci as well as S. bovis
and S. equinus. The tests shown in Tables 3 and 4 were used
to construct the identification schemas, with the exception of
the sucrose test (Table 2), which is needed to distinguish
Enterococcus hirae (positive) from E. durans (negative).
Also included in Fig. 1 through 3 are the Lancefield group D
reactions. They were included to aid in the differentiation of
E. cecorum and E. pseudoavium (group D negative) from

GRAM-POSITIVE COCCI
CATALASE- ESCULIN+ PYRROLIDONYLASE-

enterococci and fecal streptococci that produce the group D
antigen.
Not all of the tests that could be used to differentiate

between species were included in these schemas. Each
strain was tested several times, and some tests yielded
inconsistent results (i.e., a positive result one time and a
negative result the next). To obtain the most consistent and
reliable identification, only tests that produced the most

GRAM-POSITIVE COCCI
CATALASE- ESCULIN+ PYRROLIDONYLASE+

ARABINOSE +

PIGMENT +

I
MOTILITY - MOTILITY +

SORBrOL +a SORBITOL -

INULIN - INULIN +

RAFFINOSE - RAFFINOSE +

E mundtii E. casseliflavus

PIGMENT -

ARGININE

RAFFINOSE +

a-GALACTOSIDASE +*

E raffinosus

ARGININE +

RAFFINOSE -

a-GALACTOSIDASE -*

E. avium

GROUP D +

3-GALACTOSIDASE -

RIBOSE -

LACTOSE -

RAFFINOSE-
STARCH -*

GLYCOGEN -*

S. equinus

GROUP D +

i-GALACTIOSIDASE -

RIBOSE -

LACTOSE +

RAFFINOSE +

STARCH +*
GLYCOGEN+*

S. bovis

GROUPD-
-GALACTOSIDASE +

RIBOSE +

LACTOSE +

RAFFINOSE +

STARCH +*
GLYCOGEN+*

E cecorum

FIG. 1. Flow chart for differentiating the pyrrolidonylase-nega-
tive enterococci and fecal streptococci. The data shown are con-
densed from Tables 3 and 4. The asterisk (*) indicates that a test is
available with the API Rapid Strep system but not with the Micro-
Scan system.

INULIN -

MOTILITY -

SORBITOL -

RAFFINOSE -

P-GALACTOSIDASE +

INULIN +
MOTILITY +

SORBITOL -

RAFFINOSE +

-GALACTOSIDASE +

INULIN -

MOTILITY -

SORBITOL +

RAFFINOSE -

P-GALACTOSIDASE b

E faecium E. gallinarun E faecalis

FIG. 2. Flow chart for differentiating the pyrrolidonylase- and
arabinose-positive enterococci. The data shown are condensed from
Tables 3 and 4. The asterisk (*) indicates that a test is available with
the API Rapid Strep system but not with the MicroScan system. A
superscript a indicates a test that has a positive result with the API
Rapid Strep system and a negative result with the MicroScan
system. A superscript b indicates a test that has a negative result
with the API Rapid Strep system and a positive result with the
MicroScan system.
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GRAM-POSITI
CATALASE - ESCULIN+ PY

ARABINOSE-

MANNITOL +

LACTOSE
RAFFINOSE
ARGININE +

STARCH -*

E. solitarius

LACTOSE +

RAFFINOSE
ARGININE
STARCH -*

pseudoavium

FIG. 3. Flow chart for differentiati
tive and arabinose-negative enterococ
densed from Tables 2, 3, and 4. The as
is available with the API Rapid Str4
MicroScan system.

consistent and reproducible resu

identification schemas. These flov
either the API Rapid Strep system
Some tests depicted are only av;
Strep strips and are noted with
shows that E. mundtii and E. cass

by the sorbitol test. As stated a

sorbitol positive when tested with
when E. mundtii is tested with tb
result is negative. Thus, when the
differentiation between these tw(
mined by using the motility, inu
only. Figure 2 also shows that E. j
negative. As discussed above, ti
faecalis is tested on the API Rap
tested with the MicroScan panel o

result is positive.
The enterococci can be disting

positive catalase-negative cocci.
rolidonyl arylamidase or pyrrolidc
entiates Enterococcus spp. fromL
and Pediococcus spp. Another tes
API Rapid Strep panels or can be
is for leucine aminopeptidase activ
Enterococcus spp. from all other
(11).

In conclusion, we have descrit
used to differentiate between sp

fecal streptococci. These tests can
the API Rapid Strep panel or the
Additional tests include motility, I
tests. The Lancefield group D dete
test scheme is a rapid and reprodi
the enterococci and fecal streptoc
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