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Identification of Enterococcus Species Using a Microplate

Young Uh, Gyu Yul Hwang, In Ho Jang, Kap Jun Yoon, Kyungwon Lee*, and Hyung-Hoan Lee**

Department of Laboratory Medicine, Yonsei University Wonju College of Medicine, Wonju,

Department of Laboratory Medicine, Yonsei University College of Medicine, Seoul*,

Department of Biological Sciences, Konkuk University, Seoul, Korea**

Background : The aim of the study was to develop an accurate, convenient, and easy
microplate system for the identification of enterococcal species from clinical specimens.

Methods : The microplate identification method was composed of twelve biochemical tests and
identification programs. The tests comprised in microplate were initially screened by a two-tube
method, NaCl-esculin hydrolysis and pyrrolidonyl-B-naphthylamide test; arginine dihydrolase, acid
production from mannitol, sorbitol, sucrose, arabinose, raffinose, methyl-a-D-glucopyranoside, and
ribose in the microplate; and pigment production and hemolytic pattern in blood agar plate. The
performance of the microplate for identifying enterococci to the species level was evaluated in
comparison with conventional reference tests and commercial kits.

Resulis : Among the 111

clinical isolates of Enterococcus species, the microplate system

correctly identified 100% to genus level, and 91.0% to species level. All of E. casseliflavus, E.
durans, and E. hirae were correctly identified by the microplate. The diagnostic sensitivity and
specificity for identification of Enterococcus species were as follows: 100% and 96.7% in E.
faecium, 93.5% and 100% in E. faecalis, 100% and 97.2% in E. raffinosus, and 33.3% and 98.1%

in both E. avium and E. gallinarum.

Conclusions : It is concluded that the microplate method offers a simple, cost-effective, rapid,
and accurate identification system for the identification of most clinical isolates of Enterococcus

Species.

Key Words : Enterococcus, |dentification, Microplate
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1. ™ Algle] AT} ZA} gl |:|H:H

Microplate® ©|&3gr S4H- A7 AEAHES] py-
rrolidonyl-f—naphthylamide (PYR) A& NaCl-es-
culin 723l Al€, microplated*] Al&3}= manni-
tol, sorbitol, arabinose, raffinose, sucrose, methyl-
a-D-glucopyranoside (MGP)$} ribosed 7714 2Es|
A&z arginine dihydrolase (ADH) Alg, Algddst
AujA]elA el =&t a3t 84 Ader 25 12
7] AR et ATl microplate €%
Hell AHEE AlE 5 41E5E AJEQ] NaCl-esculin 7H¢
ol 9k PYR Al8-2 QAR S ARl aL(11), ADH /\]
A A9 el Al A YR pHY EE
& 9E uiRE AR T FEd U shaped 96 well
microwell plate (Nunc, Denmark)el] 200 pl.g F3
oz Bl wApiAE e, =@ Ak AlgY) &
P NP2 AR E ARSI

47t] microplate WIS Feh ML AR oA
o]l o EE Atole 4719 Imcroplate wellol

Ao AET 4+ e 44 1% A ASAG, B
20 2] 51 A& SIS DA F% B ol

ato] HFosiet.

g59L Koneman 5(12)9] ¥ 73: o]
& shehkg- g Eol 0019 0. 001% Hato]
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fileg 2Mdate] kel BAIE=S ai3lon, HARAPL
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== 3199tk Microplate 4%l X34 d52
um, E. casseliflavus, E. cecorum, E. columbae, E.
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faecium, E. gallinarum, E. hirae, E. malodoratus,
E. mundtii, E. saccharolyticus, E. raffinosus, E.
sulfureus, Lactococcus garvieae, Streptococcus bo-
vis 1, Streptococcus bovis 11 2 Vagococcus fluvialis

] 20¢Foltt,

3. Microplate SA#e| =7}

1) EZoFelel vl

Microplate 7w 8% B=s Hrlatr] $lokd
E. malodoratus ATCC 43197, E. raffinosus ATCC
49427, E. faecalis ATCC 29212, E. faecalis ATCC
51299, E. faecium ATCC 19434, E. faecium ATCC
35667, E. casseliflavus ATCC 25788, E. gallina-
rum ATCC 49753, E. durans ATCC 19472, E. hi-
rae ATCC 9790, E. sulfureus ATCC 49903, E.
flavescens ATCC 49997«] 12719 BEF0TE o=z

microplate B4H<S H715kAT
9) oIAI-'='E|_|_o| =Xl m;}

20024 1085t o é,té}oq
el A 11158 ﬂ}*“’ microplate A7 7%
H3} API Strep 20 API rapid ID 32 Strep (bio-
Mérieux, France)< Al Aldet & 7F SAHellA Al
doke Akt A dEdEs Blaskioh /‘35}3} Al @
o] Ry} SAlo] 7|Fe 3EB0] =AW 2% Fo|A)
FdolAY 589 AE 44 FH 2= Henh
HF THEE 7K SR dFHel Ik HF
SAHOR sI%la, 37 A EUXE EY
= %4 A4, sorbose B3 AlE, tellurite WA Al

23 A

=

H:

Enterococcus faecalis ATCC 29212 ———-———l@
Enterococcus faecalis ATCC 51299
Enterococeus faecium ATCC 35667 -

) C\J@ 20

Enterococeus faecium ATCC 19434
Enterococcus casseliflavus ATCC 25788 ———

Enterococcus gallinarum ATCC 49573
Enterococcus flavescens ATCC 49997

Enterococeus malodoratus ATCC 43197 ——
-

Enterococcus ATCC 49903

Fig. 1. Biochemical reactions of ATCC strains of En-
terococcus species by microplate identification me-
thod using direct colony inoculation (Lane 1, man-
nitol; lane 2, sorbitol: lane 3, arginine dihydrolase:;
lane 4, arabinose; lane 5, raffinose: lane 6, sucrose;
lane 7, methyl-a-D-glucopyranoside: lane 8, ribose).
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g gL geto g A FEo] Hu SHEE &89
H(Fig. 1).

2. dutEe|F

Microplate H2 API 20 Strep % API rapid ID 32
Strep2] esculin 7<=%3ll, PYR Al¥, mannitol®} ri-
bose AlEL BF EAdt A Hon sorbitol, ADH,
arabinose, raffinose$} sucrose Al@-2 dHF FFolA
EAAE B} sorbitol A1E2] microplate B API
rapid ID 32 Strep @ API 20 Strep¥e] 4x&<
90.1%%F 93.7%°11 3L, sorbitol A2 microplate 9,
API 20 Strep@ API rapid ID 32 Strepe] HHdES

Table 1. Comparison of biochemical reactions of Enterococcus species between microplate identification method

and API system

Biochemical tests

Biochemical reactions by identification methods

No. of isolates

Microplate APl 32 Strep APl 20 Strep
Bile esculin NT + 111
PYR + + + 111
Ribose + + + 111
Mannitol + + + 96
- - - 15
Sorbitol - - - 65
+ + + 31
+ - + 7
+ + - 4
+ - - 3
— + _ w
Arginine dihydrolase - - - 10
+ + + 59
- + + 41
- - + 1
Arabinose - - - 37
+ + + 69
+ - + 4
- + - 1
Raffinose - - - 77
+ + + 22
+ - - 11
+ - + 1
Sucrose - - NT 12
- + NT 1
+ - NT 1
+ + NT 97

Abbreviations: NT, not tested; PYR, pyrrolidonyl--naphthylamide.
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Table 2. Comparison of identification results between microplate identification method and APl 20 Strep for 111

Enterococcus species from clinical specimen

Microplate No. of organisms identified by APl 20 Strep

ID method EAV EDU EFA EFM EGA LAC Total
EAV 1 1
ECA 6 1 7
EDU 1 1
EFA 28 1 29
EFM 2 8 40 4 54
EGA 1 1
EHI 5 5
EMA 1 2 2 5
ERA 6 1 1 8
Total 10 14 30 49 7 1 117

Abbreviations: EAV, E. avium: ECA, E. casseliflavus: EDU, E. durans: EFA, E. faecalis: EFM, E. faecium: EGA,
E. gallinarum: EHI, E. hirae; EMA, E. malodoratus: ERA, E. raffinosus. LAC, Lactococcus lactis.

Table 3. Comparison of identification results between microplate identification method and APl 32 Strep for 111

Enterococcus species from clinical specimen

Microplate No. of organisms identified by APl 32 Strep

ID method EAV ECA EDU EFA EFM EGA EHI LGA Total
EAV 1 1
ECA 7 7
EDU 1 1
EFA 29 29
EFM 3 1 17 33 54
EGA 1 1
EHI 5 5
EMA 1 4 5
ERA 5 2 1 8
Total 10 8 1 33 17 36 5 1 111

Abbreviations: EAV, E. avium: ECA, E. casseliflavus: EDU, E. durans: EFA, E. faecalis; EFM, E. faecium: EGA,
E. gallinarum: EHI, E. hirae; EMA, E. malodoratus: ERA, E. raffinosus: LGA, Lactococcus garvieae.

22y 2.7%, 0%t 0.9%92 954882 0%, 6.3%%
3.6%%t}. Microplate e ADH Aldel A&
36.9%% ki g Itk APIL rapid ID 32
Strep®] arabinose $SHEL 3.6%91 AFLEL
0.9%AtHTable 1).

Microplate 8% “4&3te 54 API rapid 1D
32 Strep % API 32 Strep?] #FFolre] B4 4
&2 717} 64.0%(Table 2)¢F 55.0%(Table 3)°]12H,
API rapid ID 32 Strep®t API 20 Strep?] #E5=ol
Aol 57 LA &2 56.8%ATHTable 4).

Microplate g2 70 d&57HA= 100%E 573
AN FEFEAME 91.0%2 &3] B4 &+

o) I~
g & U

dlew, #FHE E. casseliflavus, E. durans$t E.
hiraee 100%% $33193L. E. faecium, E. faecalis,
E. raffinosus® 7% dWzE 100%, 93.5%% 100%
Gl B4 Bolme 96.7%, 100%S}F 97.2%9°H, E.
avium®} E. gallinarum® &% o9 =% 33.3%%x &
ol=& 98.1%4t}. wHHe] API 20 Strep¥ API rapid
ID 32 Strep &7 @57 22 68.4%< 60.4%°
A F4Hol LAlektH(Table 5).
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Table 4. Comparison of identification results between AP| rapid 32 Strep and APl 20 Strep for 111 Enterococcus

species from clinical specimen

Enterococcus species by

No. of Enterococcus species identified by API 32 Strep

API 20 strep EAV ECA EDU EFA ERM EGA Wl Loa o
EAV 9 1 10
EDU 1 w 7 5 14
EFA 30 30
EFM 1 6 2 17 23 49
EGA 1 6 7
LAC i 1
Total 10 8 w 33 17 36 5 1 11

Abbreviations: EAV, E. avium: ECA, E. casseliflavus: EDU, E. durans. EFA, E. faecalis: EFM, E. faecium: EGA,

E. gallinarum; EHI, E. hirae; LGA, Lactococcus garvieae. EMA, E. malodoratus: LAC, Lactococcus lactis.

Table 5. The performance of microplate identification method for identifying enterococci to the species level

|dentification results of Enterococcus species according to ID methods

Enterococcus Microplate ID method APl 20 Strep API rapid 32 Strep
species (No.) Correct Incorrect Correct Incorrect Correct Incorrect
No.(%)  No. D No.(%)  No. D No.(%)  No. D
EFM (52) 52 (100) 0 - 40 (77) 8 EDU 17 (33) 38 EGA
4 EGA 1 EAV
1 ECA
EFA (31) 29 (94) 2 EMA 30 (97) 1 LAC 31 (100) 0 -
ECA (7) 7 (100) 0 - 0 (0) 6 EFM 7 (100) 0 -
1 EGA
EHI (5) 5 (100) 0 - 0 (0) 5 EDU 5 (100) 0 -
ERA (5) 5 (100) 0 - 0 (0) 5 EAV 0 (0) 5 EAV
EAV (8) 1 (83) 2 EFM 3 (100) 0 - 3 (100) 0 -
EGA (3) 1 (83) 2 ERA 2 (67) 1 EFM 3 (100) 0 -
EDU (1) 1 (100) 0 - 1 (100) 0 - 1 (100) 0 -
ENT (4) 0 (0) 4 - 0 (0) 4 - 0 (0) 4 -
Total 101 (91) 10 - 76 (68) 35 - 67 (60) 44 -

Abbreviations: ID, Identification: EFM, E. faescium: EDU, E. durans: EGA, E. gallinarum: EAV, E. avium. ECA, E.
casseliflavus; EFA, E. faecalis; EMA, E. malodoratus; LAC, Lactococcus lactis: EHI, E. hirae: ERA, E. raffinosus.
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polymerase chain reaction W(14,15)& AM&3sPd 7%
sttt 2y A EelEE BE e B8
et EAES FAHe AMeshe 21 H|EeA o)

mepa] 2 AT ofdd el ARESta W
A7t FEFEEH10)9] BAE S WAskaAt st &,
A5A el ot At Y TPAIEF 87
Az 7] W&l E. cecorum, E. columbae$t E. sa-
ccharoliticuse 8% + $1°H, E. hirae$} E. du-
ransg WEE F g, AT Ak Aske e
Holx Lactococcus®t Streptococcus bovisol] gt 573
database’t §lom, W2 o] FHIAEES ZA R
2 vy At e 7R dE AEsE AFe=
oA Bslol she wAIdel AT oo Aol 1
49 S =7l fstd 7IEe] 2R 10)9
mannitol, sorbitol, sucrose, ribose A1&& F7lel L,
tellurite Al AYstet o] whgo] F5iskA] o} A
oaigion, A7t AEAIEL 71Ee] AT 11E v
2 NaCl-esculin 7Fr&E8l A1@2 PYR A8 AHESHA
oh g A EFEEH0)S AEHE uiAE o] 83
ol BE ujR|A| Zo A7te] Bo] 4QE 3 HjR| o]
Po| Fad ¥t olg} RE AJY HiHd FFE Wz
A&k strg Tl Bsta HE Alte] 28 2
& o] gtk MicroplateE ©]-&3+ F+te] 4
W wiRIAI 7L Zhdsh wiR| o] A7) widel] B 3t
o] 2k ZHo] lom ghH A|Z3IH 195t AME
Jernz HiAA| e A8EE AFEFE =Y & JTh
Microplate® ©]&3F B A& o] ddozy: A
A AP R A st FelEigled ole
3 microplate®] F77F gkol #=o] H& Zlo] YRlow
7= ATt

Microplate A7 S49HS 2711 79 AZsld &
AAEZ vlws] BH APl 20 Strep E. avium, E.
durans, E. faecalis, E. faecium¥® E. gallinarum® 5
7] AAgtell 3t % database?tE 7M1 9lom
E. avium¥ Akt Aslel 44 Hol= E. raffinosus
o] FAo] E7Fs3kaL, methyl-a-D glucopyranoside Al
33} sucrose AlEC] YleBR E faecium® E. galli-
narum®.= FHE wEe ISR E. casseliflavus®e]
S 9 RS slofF ke Wl 9l E. hirae
© EF E. durans® F4EE ARl Ut =g
mannitol 27391 BIFE E. faeciume API 20 strepell
A E. durans® S35 7-57F B3t API rapid 1D
32 Strep= 87K ATatol Widt 5% databaseRt o
W, E. faecium® E. gallinarum®2 S3EE 74%7}
ottt WA microplate $8HE F7re] #E5e
8 BYg=It 91.0%% wig- ESkom, HFHEE E.
casseliflavus, E. durans, E. hirae, E. faecium, E.

faecalis, E. raffinosus® %2 383 588 5 3
At 22y E. aviume] 4F #2539 7Feel
AATh Shewmaker 5(16)° <3P E. aviume Glo-
bicatella sanguinis, Aerococcus viridans 2 Strep-
tococcus uberis®t A5}t Ad7do] fakete] 1P 54
g5 Eusigetl, olefdt FAEE A faEiA
£ microplate S3H9 sorbose FE AlPS Frhst
Aol SISl

2 o
o 22 e JARAGN B

microplate 8% & 7Hdstaa}l it

b 8 : )2 JHESE microplateS ©|-&3 F7Hel T
e 12719 A Al sPZRafeR st
o} Ase Al TR AR elA Algshe AlEA
HAIEQ NaCl-esculin 7H=23l A&z PYR A&,
microplateo|A] Al&3= arginine dihydrolase Alg,

mannitol, sorbitol, arabinose, raffinose, sucrose,

o

methyl-a-D-glucopyranoside % ribose @¥-aiAld=}
olghuAlol|x] Aldshs MA@ 884 Ao
ettt B4 T2 visual basicZ C o5 o] &
slo] ZHEsldth. MicroplateS ©]83d A FW <
TS 5882 A4 iy dEshd Al
H7yaloict,

Z 1} A BeE 11195 A Sl
microplateE |43 A YU A dETA=
100%E 89T F U dFFolME 91.0%5 B
3 BAE & e, #FUE E. casseliflavus, E.
durans$t E. hiraee 100%2 A&3] 9 & U9,
E. faecium, E. faecalis, E. raffinosus® %73 <W=
£ 100%, 93.5%%} 100%91 5% Bol=t 96.7%,
100%<} 97.2%%e™, E. avium® E. gallinarum®
B4 dilZs 33.3%%3 Sol=x 98.1%%th. w0l
API 20 Strep¥} API rapid 32 Strep kite 7
SR 242} 68.4%9F 60.4%S B E3] T8I

A 2 : Microplate A7 UL 4404 Ee
e gREe Aas Algstn s 54 5+ AU
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