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Rapid Identification of Enterococci Using Modified Bile Esculin:

A Preliminary Study
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Abstract

The study aimed to evaluate the rapid identification of enterococci using modified bile esculin (MBE).

The final concentrations of 1 to 5 % (w/v) NaCl were added into bile esculin medium containing either 2 or 4 %

(w/v) bile salt. These modified bile esculin media were tested with reference stains of Streptococcaceae by

incubation at 37 °C for 4 hr. MBE-A containing 3 % NaCl and 2 % bile salt and MBE-B with 3 % NaCl and

4 % bile salt could distinguish enterococci from streptococci. A total of 163 Streptococcaciae strains identified

by convention method were tested by both MBEs. The sensitivity, specificity, positive predictive value (PPV)

and negative predictive value (NPV) of MBE-A for detection of enterococci were 73.10, 100.00, 100.00 and

73.70 %, and while those of MBE-B were 66.70, 100.00, 100.00 and 69.30 %, respectively. MBE could be

further developed and used for rapid identification of enterococci.
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Tagl¥danuazInlatl msaaddonunsy uazka
MINAADUFNATE157 (rapid test) 15U oxidase
test LAY catalase test Lﬂuummﬂumimﬁau
1eaATZeY1I1BINIIATILH tdIilpanInng
NAFTIUAINA IEINITDI U enterococci 91N
streptococei 14 luamgd nsnagouaiulde
miéﬁuﬁga%wmm enterococci 114 Clinical and
Laboratory Standards Institute (CLSI) guideline
HANAININ streptococci [4] @Tﬂﬁlumimaaumm
Taearsdarugainivers imugausungy
wuAfise viniimInageuay hdearsau
JadFnndesnnnusiavesuaiise ATuiudes
%520z lumssonannadeULUIAY 39019
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2.1 suAiiise
2.1.1 nuafiFomeiug 81999
Streptococcus ~ pyogenes DMST
17020, S. bovis ATCC 33317T, Enterococcus
faecalis ATCC 29212 1 E. faecium UCLA 192
2.1.2 HUANIF8AIDE1
HuANLSen Ej U Streptococcaeae
119U 163 #10619 TS wUNYTIARI conventional
methods [6] 152APUAY enterococei $1UIU 93
#1081 118 streptococei 70 A20814 1AUA viridans
streptococci 32 #1981 group D streptococci 31
§19814 3 @708

Streptococcus  agalactiae

Streptococcus ~ pyogenes 2 f10819  uag
Streptococcus pneumoniae 2 19814 (1519711
uuafiSogniAusnu1lu Luria broth (1 % tryptone
0.5 % yeast extract gz 1 % NaCl) #1125 %
glycerol  flgmugii -80 °C @ MAIyunAin
AMIUNNG AL TNIFAITAT UN1INE1F Y
335UFNEAT Tamzuw 5 % sheep blood agar

(SBA) ttaztiuiiganigi 37°C Tu 5% o, ifuna

18-24 1714 Apwihn s lumsnaaou

3 a ¢
M3 1 MIAUATIEH sensitivity, specificity,
positive 40¥ negative predictive values

99 MBE 114n133111n enterococci

Modified bile esculin
Microorganism
Positive Negative
Enterococci True positive | False negative
(TP) (FN)
Streptococci False positive | True negative
(FP) (TN)

420

Sensitivity = TP x 100 / (TP + FN)
Specificity = TN x 100 / (FP + TN)
Positive predictive value = TP x 100 / (TP + FP)

Negative predictive value = TN x 100 / (FN + TN)

2.2 M3IA38H modified bile esculin (MBE)
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uazMINAaRURBNUANISEMETHE 198

1933 MBE Tagian NaCl aq1u Oxiod”
bile-esculin (0.8 % peptone, 2 % bile salts, 0.05 %
ferric citrate, 0.1 % esculin L8 1.5 % agar) ta BD
Difco " bile-esculin (0.8 % peptone, 4 % bile salts,
0.05 % ferric citrate, 0.1 % esculin (18 1.5 % agar)
Faava1011 deionized  water 19 14a 80
AN 1 U9 5 % (w/v) HAIINNTBIAIY
AT£AYNI04 Whatman No. 2 183 3autialdviaea

a

naaeelsua 0.5 ml ﬁﬂﬂaiu%aﬁqmwgu 121 °C
AUy 15 oudden1seiia wm 15w
inoculate LA oaenge19daslalu MBE 1%
Tdnnududuilszana 1.5x10° waz 3x10° colony
forming units/ml (cfu/ml) Taegl5euneuny

McFarland standards No. 0.5 112 1 9108191 UuN
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a P '
3!ﬂ§1$ﬁﬂ1ﬂ31hvl’3 (sensitivity) AN

v
MW (specificity) TIWNIATNUIBHAVINLAZAY

(positive and negative predictive values)
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A Yy 9y A
AMINATDLINOHIANMVNIUNH T A Y
93 NaCl 1u MBE 0% 2 1182 4 % bile salt 1ag
o A A v Y a A Yy v
NAFOUAVUUANITHF W UED19DINANWT N

a

1.5x10" uag 3x10° cfw/ml nagliungumngi 37 °C
W31 MBE 913 2 % bile salt NU 3 % NaCl (MBE-
A) 118 4 % bile salt {1 3 % NaCl (MBE-B) 111
mﬁﬂizﬂaummamwﬂ enterococci 90NN
streptococei 18 n1eluiar 4 42 Tua Weldnnw
Yy 9 A A v JY a [ ] 8
Wuduvesnuaisemenu 50199110 Y 3x10

cfu/ml (3141 1)

2 % bile salt with NaCl (%) 4 % bile salt with NaCl (%)
Microorganism Time (h)
1 3 4 5 1 2 3 4 5
3
E. faecium UCLA 192
4
3
E. faecalis ATCC 29212
4
3
S. bovis ATCC 33317T
4
3
S. pyogenes DMST 17020
4

@

U1 @Bz 2 % bile esculin #11 3 % NaCl 4801¥13 4 % bile esculin N1 3 % NaCl iilonadoUAIY

. . o ¢y A A ] Vo 3
enterococci LAY streptococci MYNWUFOWOINANMUVNVYUNIND 3x10° cfu/ml
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LUDNATDUNITINUUNUUANLITY

streptococcaeae #78 MBE-A uag B lagnis
inoculate  d1v8g1anuanGeadlydlue s ild

Uszuar 3x10° cfu/ml 1@ incubate 71 37 °C 15

a1 4 % 109 WU o I 1ue 03 uag 4 MBE-A
1 MBE-B @111508 1N enterococei 1AQNAoa
IUIU 68 LAy 82 NU 41 uag 62 91 93 AIDEII

ATUAIAY LAWY o FI 1IN 4 group D
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streptococci Glﬁ'wauaﬂﬂaau (false positive) N

MBE-A  $119U 3 §10619 lagddisazale
= I = 3’ = <

lasuudaududiiaiafieadnios (weak

positive) Tag MBE-A i sensitivity, specificity, PPV

1ag NPV 499 11191 73.10, 100.00, 100.00 uag
73.70% 2 ¥ TU9N 3 1Az 66.70, 100,00, 100,00
Hay 69.30 % @1MSU MBE-B & %2147 4
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AUAAU (A1TNN 2)

v 9
M3191 2 ﬂ1ﬂ’JHJvl’J AMANY TUWZ TIWNIAIIUIHAVINLAZaVYDd MBE Tumssiun enterococci

MBE-A MBE-B
(2 % bile salt with 3 % NaCl) (4 % bile salt with 3 % NaCl)
Microorganism
3h 4h 3h 4h
Positive | Negative | Positive | Negative | Positive | Negative | Positive | Negative
Enterococci (n=93) 68.00 25.00 82.00 11.00 41.00 52.00 62.00 31.00
Streptococci (n=70) 0.00 70.00 3.00 67.00 0.00 70.00 0.00 70.00
Sensitivity (%) 73.10 88.20 44.10 66.70
Specificity (%) 100.00 95.70 100.00 100.00
Positive predictive value (%) 100.00 96.50 100.00 100.00
Negative predictive value (%) 73.70 85.90 57.40 69.30
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M3TMUN  enterococci N 151U 011iA

a9

msyaFiinemumsunndluiligiuiidedina
1194970 enterococei HaiAioaduind on gty
streptococei waziiinimmsnageualneds
éfmqa%wmuﬁﬁ’umi%°1uuﬂ°15ﬁﬂsuau§a§u7ﬂwu
Hyminmsnagevanuladearsdiugadni b
N ALY LATINNINITNITIUUN enterococci V1N
streptococci ﬁiﬂ&l‘ﬁ:]‘lﬂsl"lsf} bile esculin hydrolysis
test 1A% 6.5 % NaCl tolerance test NOUNITNAT DL
anu'hdemsdugadn dwralinisiesuna
MIIATILHa9 11109910 Enterococeus spp. 114

o < Y Y
aeugaedlgnarlumsnadony 6.5 % NaCl

= o = Y
tolerance test 1194 48 %1 114 3 I HaNsNAa0U
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Ngnded [7] nazudn luilpiiudealjiaamse

UWUAN S, pyogens LA  enterococci DDNIN
. Y 3 Y
streptococei 1a0d14151Tasl¥n1snaasuay
asolumsada pyroglutamyl aminopeptidase
(PYR) [8] #1dsumswanlieusasunans
= [l <
nagoulanielu 10 wdi [9] ed1elsnain ms
nagovuasnaniaildiiege Uszuim 140
v/ waz luauisaswun  B-hemolysis
enterococci 10 S. pyogens 14 [5]

Qadri  uazawmz laN1mIiauIITIg
1UN enterococci #1915 NAAD NaCl-esculin
hydrolysis Inel4a15aza1eMil 5 % NaCl ua

.3 7 wa
0.2 % esculin 1uosAlsznoUAz NAdOUANLRA 2

A
15015 "’IJENL"d]fE] ﬁf] salt tolerance Q% esculin
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hydrolysis  WU21N15NATOUI sensitivity JUN1T
31UN enterococci  NINL 100.00 % [5] A 1MV
modified bile eseulin (MBE) lumsfinsiisuun
enterococei 1ag1ABENYA 3 Ysems veuuaiSe
Ao salt tolerance, bile salt tolerance 48% esculin
hydrolysis el sifouranis S uunidedy
conventional method !,Lisi}"] WUI1 MBE @13150
a103ug81999 18010

ULUN enterococci

streptococei 1an18luiar 4 42lue Taed
sensitivity, specificity, PPV 1ag NPV 493 MBE-A
91190 73.10, 100.00, 100.00 Uag 73.70 % 110811
Wa o 52 1199 3 1azyed MBE-B HANNINY 66.70,
100.00, 100.00 182 69.30 % (300 1UNA & F21H9N
1 v
42 W& Ay &9 MBE N9a09gasil sensitivity 11g9
- a Y 9 A dqu
1N 8190A1NAMI NI UV UFaN 1T IUN1g
' 9 '
NAdoU MBE 1 3x10° cfuml wuilosliiaiou
' 9 v
AUMTANYIVEY Qadri HazANY NlHFeNAY
Yy 9 ' v 8 == o Y a
WUYUNINY 9x10° cfu/ml 90191 1 Nanaay
o A =
1aou'ld 15znoui convention method 14111
Y
FWanasgulumsanynhsesiidelidedine mse
HUANISY lactococei LAY vagococci ansold
HALINAUMINATO LA bile esculine hydrolysis,
PYR uag 6.5 % NacCl tolerance test Wvﬁmﬁmﬁu
v
1Y enterococci [11,12] ANHUNITIWLUN enterococci
v =< ~ = A a
@78 MBE  34A350MSAnBUNNAY Tagnds
Y '
NAABUANMITUT UYL FO MM NITANIAY
wWseumeuransnageuAuITNISTIUANLAY
UUUE 195U polymerase chain reaction (PCR) Lﬁ@iﬁ}
v A v 2 4
lanamsnaaeuignAvnngadu

av d’l Y < J ~ = Y
Ms2veHudae 11 MBE ‘Vlmiﬂllulﬂ

913N NaCl 2314 bile esculin medium 911906

U

a va a A Y
luesllfiiamsgatainememsunndnaliuay
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NAAUAIMSUIUUN enterococci 881915714 4
A15098aaaA1 19918NAANNTNATDVAIY
[ 9 = dy q' ]
Taearsdrugasnvousoh limurzanlu

woulfiians 1ade

5. inAnssulszmea
am‘i%af?"lﬁ'%”Uﬂﬁﬁﬁuﬁuunu‘i%ﬂ

PRAIUINMAITUNATANTUNNE ABLANY

MANT VHINOIAVTITNAAAT FITOVDVDLIATNN

d’l
o Tomadl

6. 19NE1501909
[1] Patterson, J.E., Sweeney, A.H., Simms, M.,
Carley, N., Mangi, R., Sabetta, J. and Lyons,
R.W., 1995, An analysis of 110 serious
enterococcal infections, Medicine 74: 191-200.
[2] National Nosocomial Infections Surveillance
System, 2004, National Nosocomial Infections
Surveillance (NNIS) System Report, data
summary from January 1992 through June
2004, issued October 2004, Am. J. Infect.
Control 32: 470-485.
Wisplinghoff, H., Bischoff, T., Tallent, S.M.,
Seifert, H., Wenzel, R.P. and Edmond, M.B.,
2004, Nosocomial bloodstream infections in
US hospitals: Analysis of 24,179 cases from a
prospective nationwide surveillance study,
Clin. Infect. Dis. 39: 309-317.
Clinical and Laboratory Standards Institute,

2009, Performance standards for antimicrobial



a d S
NnsmImenmansuazmalulad

1 21 avivfi 5 @TUNIAY) 2556

[5]

(8]

disk susceptibility tests: Approved standard
M2-A10, 10th Ed., Clinical and Laboratory
Standards Institute, Wayne, P.A.

Qadri, S.M., Flournoy, D.J. and Qadri, S.G.,
1987, Sodium chloride-esculin hydrolysis test
for rapid identification of enterococci, J. Clin.
Microbio. 25: 1107-1108.

Murray, P., Baron, E., Jorgensen, J., Landry,
M. and Pfaller, M., 2007, Manual of clinical
microbiology, 9th Ed, ASM Press,
Washington, D.C., 2488 p.

Qadri, S.M., de Silva, M.J., Qadri, S.G. and
Villarreal, A., 1979, Presumptive identification
of enterococci from other D streptococci by a
rapid sodium chloride tolerance test, Med.
Microbiol. Immunol. 167: 197-203.

Bosley, G.S., Facklam, R.R. and Grossman,
D., 1983, Rapid identification of enterococci,

J. Clin. Microbiol. 18: 1275-1277.

424

[11]

Ellner, P.D., Williams, D.A., Hosmer, M.E.
and Cohenford, M.A., 1985, Preliminary
evaluation of a rapid colorimetric method for
the presumptive identification of group A
streptococci  and  enterococci, J.  Clin.
Microbiol. 22: 880-881.

Devriese, L.A., Pot, B., Collins, M.D., 1993,
Phenotypic identification of the genus
Enterococcus and differentiation of phylogene-
tically distinct enterococcal species and species
groups, J. Appl. Bacteriol. 75: 399-408.
Facklam, R.R. and Collins, M.D., 1989,
Identification of Enterococcus species isolated
from human infections by a conventional test
scheme, J. Clin. Microbiol. 27: 731-734.
Knudtson, L.M. and Hartman, P.A., 1992,
Routine procedures for isolation and identifica-
tion of enterococci and fecal streptococci,

Appl. Environ. Microbiol. 58: 3027-3031.



