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����&�5( 
*����0'��4W%4�'$X32� !*����Y/-#.�Z����0+���� enterococci -�7�*��[�19�� modified bile esculin (MBE) 

�+����#.�Z�:1��$�% NaCl &*_� bile esculin medium �4/%4 2 �&  4 % (w/v) bile salt _"9c19���%�d9%d9�!31�9��
$'W*�$7 1  X.* 5 % (w/v) 0���'W��+�c2�1!-,�',�,��4��4� Streptococcaeae !���'�(3�-9�*-�* ,7%�4/-3�"�)%� 37 °C 
�2g���&� 4 �'/�:%* �,�7�  MBE-A �4/%4 3 % NaCl �&  2 % bile salt  �&  MBE-B �4/%4 3 % NaCl �&  4 % bile salt 
!�%��X0+���� enterococci !���'�(3�-9�*-�*c19X)�$9-* ���0+�����,��4��4� Streptococcaeae 0+���� 163 $'�-�7�* 
19��-�"�� MBE �'W*!-*!)$��& �2�4�,��4�,�', conventional method �,�7� MBE-A %4 sensitivity, specificity, 
positive predictive value (PPV) �&  negative predictive value (NPV) ��7��', 73.10, 100.00, 100.00 �&  73.70 % 
�& !+�"�', MBE-B %4�7���7��', 66.70, 100.00, 100.00  �&  69.30 % $�%&+�1', 0�����#.�Z��!1*_"9�"[��7� 
MBE %42� !��(�����& !�%��X�+�c2�'l���2g�-�"���1!-,!+�"�',0+���� enterococci -�7�*��[�c19 
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�-��-���P : enterococci, ���0+����-�7�*��[�, modified bile esculin 
 

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. 
 

Key words: enterococci, rapid identification, modified bile esculin 
 

1. ���-� 
enterococci �2g��,��4��4����%,���)2�&% 

(gram positive cocci) -�0�,-�)7�2g��m&&��14/�� �)7"�Y-
��4�*$'��2g�!��!'W� n !�%��X�7-_"9���1:��$�1��YW-c19
_�"&��� ,, c19��7 ���$�1��YW-_�� ,,��*�1��
2o!!��  (urinary tract infection) �7-*�9-*�& -39*���*
���� (intra-abdominal and pelvic infection) 
,�1�p&�& ��YW-��Y/--7-� (wound and soft tissue 
infection) &�W�"'�_0 (endocarditis) �& _��� �!
�&Y-1 (septicemia) �2g�$9� [1] 2o003,'�-3,'$���������
1YW-$7-!��$9��03&�4�d-* enterococci !)* ���/%d.W� 
:1��;��  vancomycin (vancomycin resistant 
enterococci-VRE) m./*�2g�"�./*_�!��"$3!+��'sd-*
:��$�1��YW-_�:�*���,�& (nosocomial infection) 
[2,3] 

_���*28�,'$� ����1!-,���%c�$7-!��$9��
03&�4��� �+���9-%c2�',���0+�������1�,��4��4� 

:1�_�9&'�Z� :�:&�4 ���$�1!4�9-%���% �& p&
����1!-,�4���%4-�7�*��[� (rapid test) ��7� oxidase 
test �&  catalase test �2g������*_�����1!-, 
��Y/-&1� � ��&�d-*��������� "� �$7��Y/-*0�����
�1!-,1'*�&7��c%7!�%��X0+���� enterococci 0�� 
streptococci c19 _�d� �4/ ����1!-,���%c�$7-
!��$9��03&�4�d-* enterococci $�% Clinical and 
Laboratory Standards Institute (CLSI) guideline 
�$�$7�*0�� streptococci [4] 1'*�'W�����1!-,���%
c�$7-!��$9��03&�4�0.*-�0c%7�"%� !%�',�&37%
�,��4��4� "���+�����1!-,���%c�$7-!��$9��   
03&�4�"&'*0�����,���1d-*�,��4��4� �[0+��2g�$9-*
_�9� � ��&�_�����-p&����1!-,���d.W� m./*-�0
!7*p&_"9c%7!�%��X�'�Z�p)92v��c19-�7�*�'��7�*�4 

0�����#.�Z����0+���� enterococci -�7�*��[�
19��!��& &���4/%4 esculin �&  6.5 % NaCl :1�-�#'�
!%,'$� esculin hydrolysis �7�%�',���%!�%��X_�
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�������&Y- (salt tolerance) d-*�,��4��4� �,�7� 
!�%��X0+���� enterococci --�0�� streptococci c19
���_� 4 �'/�:%* [5] -�7�*c��[$�% !����%4"&�����1
�4/�2g�-*��2� �-,_�-�"���1!-,1'*�&7�� ��7� 
esculin �&  ferric ammonium citrate c%7%4_�
"9-*28�,'$�����'/ �c2 1'*�'W����#.�Z��4W%4�'$X3 
2� !*����Y/-#.�Z����0+���� enterococci -�7�*��[�
19�� modified bile esculin (MBE) �4/1'1�2&*0�� bile 
esculin medium �4/%4-�)7_�"9-*28�,'$����03&�4������
�'/�c2 :1�����$�% NaCl _�2��%���4/�"%� !% 
 

2. (O�+�T
��
��_�+��  
2.1 ���������  

2.1.1 �,��4��4�!���'�(3�-9�*-�* 
Streptococcus pyogenes DMST 

17020, S. bovis ATCC 33317T, Enterococcus 
faecalis ATCC 29212 �&  E. faecium UCLA 192  

2.1.2 �,��4��4�$'�-�7�* 
�, ��4 � �4 � � &37 %  Streptococcaeae 

0+���� 163 $'�-�7�* �4/0+�������119�� conventional 
methods [6] 2� �-,19�� enterococci 0+���� 93 
$'�-�7�* �&  streptococci 70 $'�-�7�* c19��7 viridans 
streptococci 32 $'�-�7�* group D streptococci 31 
$'�-�7�* Streptococcus agalactiae 3 $'�-�7�* 
Streptococcus pyogenes 2 $'�-�7�* �&  
Streptococcus pneumoniae 2  $'�-�7�* ($���*�4/1) 
�,��4��4�X)���[,�'�Z�_� Luria broth (1 % tryptone 
0.5 % yeast extract �&  1 % NaCl) �4/%4 25 % 
glycerol �4/-3�"�)%� -80 °C � �������������
��������  �� !" ���#�!$��  %"��� �� �&' � 
(��%#�!$�� :1���� ,� 5 % sheep blood agar 
(SBA) �& ,7%�4/-3�"�)%� 37 °C _� 5 % CO2 �2g���&� 

18-24 �'/�:%* �7-��+�%�_�9_�����1!-, 
 

	���6��� 1 ��������� "� sensitivity, specificity, 
positive �&  negative predictive values 
d-* MBE _����0+���� enterococci 

 

 

Microorganism 
Modified bile esculin 

Positive Negative 
Enterococci  True positive 

(TP) 
False negative 

(FN) 
Streptococci False positive 

(FP) 
True negative 

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

2.2 +���	���) modified bile esculin (MBE) 

��
+���&�(�&%�����������������_O
(%�6(�6 
�$�4�% MBE :1��$�% NaCl &*_� Oxiod® 

bile-esculin (0.8 % peptone, 2 % bile salts, 0.05 % 
ferric citrate, 0.1 % esculin �&  1.5 % agar) �&  BD 
DifcoTM bile-esculin (0.8 % peptone, 4 % bile salts, 
0.05 % ferric citrate, 0.1 % esculin �&  1.5 % agar) 
m./*& &��_� deionized water _"9c19���%�d9%d9�
!31�9����7��', 1 0�X.* 5 % (w/v) "&'*0����-*19��
�� 1�Z��-* Whatman No. 2 �&9� 0.*�,7*_!7"&-1
�1&-*2��%�� 0.5 ml �+�c2�7���YW-�4/-3�"�)%� 121 °C 
���%1'� 15 2-�1�$7-$���*��W� ��� 15 ���4 
inoculate �,��4��4�!���'�(3�-9�*-�*&*c2_� MBE _"9
c19���%�d9%d9�2� %�� 1.5×108 �&  3×108 colony 
forming units/ml (cfu/ml) :1��2�4�,��4�,�', 
McFarland standards No. 0.5 �&  1 $�%&+�1', ,7%�4/ 
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37 °C �2g���&� 4 �'/�:%* -7��p&����1!-,�3�
�'/�:%* "��!��& &���2&4/��0��!4�1�%c2�2g�!4
�W+�$�&0�X.*!41+� -7��p&�2g�,�� "��!��& &��c%7
�2&4/��!4-7��p&�2g�&,  

2.3 +��,-���+ Streptococcaeae �&�+��

�&�(�&%�� MBE 
Inoculate �,��4��4� Streptococcaeae &*

_� MBE ,7%�4/ 37 °C -7��p& � �'/�:%*�4/ 3 �&  
$�%&+�1', m./*_�d'W�$-��4W p)9�1!-,c%7���,X.*
���1d-*�,��4��4� 

2.4 +��������
a
b%()$� 
������ "��7����%c� (sensitivity) �7����%

0+����  (specificity)   ��%�'W*�7��+����p&,���& &,
 

Microorganism Time (h) 
2 % b
     1        

 E. faecium UCLA 192 
3 
4 

E. faecalis ATCC 29212 
3 
4 

 S. bovis ATCC 33317T 
3 
4 

S. pyogenes DMST 17020 
3 
4 

 

�$���� 1 &'�Z� d-* 2 % bile esculin �4/%4 3 % NaCl
enterococci �&  streptococci !���'�(3�-9�*-�*�4/���%�d9%d9���7��', 

 
� %Y/ - � 1 ! - , � � � 0+ � � � � � , � �4 � �4 � 

streptococcaeae 19�� MBE-A �&  B :1���� 
inoculate $'�-�7�*�,��4��4�&*c2_�-�"��_"9c19
2� %�� 3×108 cfu/ml �&  incubate �4/ 37 °C �2g�

                                                                                                    ����������������������� ! ��� 
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�'/�:%* -7��p&����1!-,�3�
�'/�:%* "��!��& &���2&4/��0��!4�1�%c2�2g�!4

"��!��& &��c%7

�&�+��

&*
�&  4 

m./*_�d'W�$-��4W p)9�1!-,c%7���,X.*

���% 
&, 

(positive and negative predictive values) 
 

3. #�+����,�� 

����1!-,��Y/-"����%�d9%d9��4/�"%� !%
d-* NaCl _� MBE �4/%4 2 �&  4 % bile salt :1�
�1!-,�',�,��4��4�!���'�(3�-9�*-�*�4/���%�d9%d9� 
1.5×108 �&  3×108 cfu/ml �& ,7%�4/-3�"�)%� 37 °C 
�,�7� MBE �4/%4 2 % bile salt �', 3 % NaCl (MBE-
A) �&  4 % bile salt �', 3 % NaCl (MBE-B) �2g�
-*��2� �-,!�%��X��� enterococci --�0�� 
streptococci c19 ���_���&� 4 �'/�:%* �%Y/-_�9���%
�d9%d9�d-*�,��4��4�!���'�(3�-9�*-�*��7��', 3×108 
cfu/ml (�)2�4/ 1) 

bile salt with NaCl (%) 4 % bile salt with NaCl (%) 
        2        3        4        5      1        2         3        4        5 

 

 

 

 

% NaCl �& -�"�� 4 % bile esculin �4/%4 3 % NaCl �%Y/-�1!-,19�� 
!���'�(3�-9�*-�*�4/���%�d9%d9���7��', 3×108 cfu/ml 

� %Y/ - � 1 ! - , � � � 0+ � � � � � , � �4 � �4 � 
��� 

&*c2_�-�"��_"9c19
�2g�

��&� 4 �'/�:%* �,�7� � �'/�:%* �4/ 3 �&  4 MBE-A 
�', MBE-B !�%��X0+���� enterococci c19X)�$9-*
0+���� 68 �&  82 �', 41 �&  62 0�� 93 $'�-�7�* 
$�%&+�1',  �$7�,�7�  � �'/ �:%*�4/  4 group D 
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streptococci _"9p&,��2&-% (false positive) �', 
MBE-A 0+���� 3 $'�-�7�* :1�!4!��& &��
�2&4/ ���2&*�2g�!4�W+ �$�&��4�* �&[��9-� (weak 
positive) :1� MBE-A %4 sensitivity, specificity, PPV  

�&  NPV d-* ��7��', 73.10, 100.00, 100.00 �&  
73.70% � �'/�:%*�4/ 3 �&  66.70, 100,00, 100,00 
�&  69.30 % !+�"�', MBE-B � �'/�:%*�4/ 4 
$�%&+�1', ($���*�4/ 2) 

 

 
	���6��� 2 �7����%c� �7����% 0+����  ��%�'W*�7��+����p&,���& &,d-* MBE _����0+���� enterococci 
 

 
 

Microorganism 

MBE-A 
(2 % bile salt with 3 % NaCl) 

MBE-B 
(4 % bile salt with  3 % NaCl) 

3 h 4 h 3 h 4 h 
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 
 

4. ��,��T
��
��O� 
���0+���� enterococci �4/_�9_�"9-*28�,'$� 

���03&�4��������*��������_�2o003,'�%4d9-0+��'1 
��Y/-*0�� enterococci %4!%,'$��,YW-*$9��4/�&9���&.*�', 
streptococci �& �%Y/-�+�����1!-,���%c�$7-!��
$9��03&�4���,�)7�',���0+�������1d-*��YW-0.*%'��,
2os"�����1!-,���%c�$7-!��$9��03&�4��4/c%7
�"%� !% �$7"���+�������0+���� enterococci 0�� 
streptococci �4/:1��'/�c2_�9 bile esculin hydrolysis 
test �&  6.5 % NaCl tolerance test �7-�����1!-,
���%c�$7-!��$9��03&�4� !7*p&_"9������*��p&
��������� "�&7��9� ��Y/-*0�� Enterococcus spp. ,�*
!���'�(3�$9-*_�9��&�_�����1!-, 6.5 % NaCl 
tolerance test ���X.* 48 �'/�:%* 0.*_"9p&����1!-,

�4/X)�$9-* [7] �& �%9�7�_�2o003,'�"9-*28�,'$�!�%��X
0+���� S. pyogens �&  enterococci --�0�� 
streptococci c19-�7�*��[�:1�_�9����1!-,���% 
!�%��X_����!�9�* pyroglutamyl aminopeptidase 
(PYR) [8] �4/c19�',����'l��_"9!�%��X-7��p&���
�1!-,c19���_� 10 ���4 [9] -�7�*c��[$�% ���
�1!-,1'*�&7 ��%4�7 �_�907 ��!) *  2� %�� 140        
,��/"�7�� �& c%7!�%��X0+���� β-hemolysis 
enterococci 0�� S. pyogens c19 [5]  

Qadri �& ��  c19�+�����'l����(4���
0+���� enterococci 19������1!-, NaCl-esculin 
hydrolysis :1�_�9!��& &���4/%4 5 % NaCl �&      
0.2 % esculin �2g�-*��2� �-,�& �1!-,!%,'$� 2 
2� ��� d-*��YW- �Y- salt tolerance �&  esculin 
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hydrolysis �,�7�����1!-,%4 sensitivity _����
0+���� enterococci ��7��', 100.00 % [5] !+�"�', 
modified bile esculin (MBE) _����#.�Z��4W0+���� 
enterococci :1�-�#'�!%,'$� 3 2� ��� d-*�,��4��4� 
�Y- salt tolerance, bile salt tolerance �&  esculin 
hydrolysis �%Y/-�2�4�,��4�,p&���0+������YW-�', 
conventional method �&9� �,�7� MBE !�%��X
0+���� enterococci !���'�(3�-9�*-�*c190�� 
streptococci c19���_���&� 4 �'/ �:%* :1�%4 
sensitivity, specificity, PPV �&  NPV d-* MBE-A 
��7��', 73.10, 100.00, 100.00 �&  73.70 % �%Y/--7��
p& � �'/�:%*�4/ 3 �& d-* MBE-B %4�7���7��', 66.70, 
100.00, 100.00 �&  69.30 % �%Y/--7��p& � �'/�:%*�4/ 
4 $�%&+�1', m./* MBE �'W*!-*!)$�%4 sensitivity c%7!)*
�'� -�0���10�����%�d9%d9�d-*��YW-�4/_�9_����
�1!-, MBE �4/ 3×108 cfu/ml �'W��9-�c2�%Y/-��4�,
�',���#.�Z�d-* Qadri �& ��  �4/_�9��YW-�4/���%
�d9%d9���7��', 9×108 cfu/ml 0.*-�0�+�_"9���1p&&,
2&-%c19 2� �-,�', convention method �4/_�9�2g�
��(4%�$����_����#.�Z��+��7-*�4W�'*%4d9-0+��'1 ���� 
�,��4��4� lactococci �&  vagococci !�%��X_"9
p&,���',����1!-,19�� bile esculine hydrolysis, 
PYR �&  6.5 % NaCl tolerance test c19��7��14���'�
�', enterococci [11,12] 1'*�'W����0+���� enterococci 
19�� MBE 0.*���%4���#.�Z����/%�$�% :1����
�1!-,���% �d9%d9�d-* ��YW -�4/ �"%� !%�& 
�2�4�,��4�,p&����1!-,�',��(4���0+�����4/%4���%
�%7��+� ��7� polymerase chain reaction (PCR) ��Y/-_"9
c19p&����1!-,�4/X)�$9-*%����/*d.W� 

�����0'��4W�!1*_"9�"[��7� MBE �4/�$�4�%c19
0������$�% NaCl &*_� bile esculin medium �4/_�9-�)7
_�"9-*28�,'$����03&�4��������*���������'/�c2�& 

%4$9��3�$/+�  (2� %�� 3.70 ,��$7-"�7��) %4
2� !��(�����& !�%��X�+�c2�'l���2g�-�"��
�1!-,!+�"�',0+���� enterococci -�7�*��[�c19 m./*
!�%��X�7��&1�7�_�907���4/���10������1!-,���%
c�$7-!��$9��03&�4�d-*��YW-�4/ c%7 �"%� !%_�
"9-*28�,'$����c19$7-c2 
 

5. +�		�+��)��
+�� 
*���� 0' ��4W c19 �' ,���!�',!�3��3��� 0' �

,�*!7��0����������������������� �� !"���
#�!$�� %"������&'�(��%#�!$�� p)9��0'�d-d-,�3�%� 
� :-��!�4W  
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