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DNA homology of 70% is generally regarded as the limit for species delineation [14].  

Although the value appears low, the similarity between the 16S rRNA gene sequences for 

these two strains was 99.6% and they clustered closely using the f-AFLP analysis and 

ribotyping, which supports their same species relationship. Previously, DNA-DNA 

hybridization of 13 strains of ��
����
���� resulted in relative binding ratios between 72-95% 

at an optimal renaturation temperature of 59.5�C [21].  Group 1 comprises biogroups 1-5, 7-

9, 11, 13, and 14 as described by Farmer ��
�� [1]. Isolates belonging to biogroups 5, 9 and 14 

grouped together as a subcluster of group 1 in the ribotype analysis (Figure 3 - 1-R5) and 

representative strains of this subgroup also formed a coherent cluster in the f-AFLP analysis 

(Figure 2 - f-AFLP 1a). No other relationship between biogroup and subcluster was identified 

for the other strains within group 1. The 16S rRNA gene sequences of biogroup 5, 9 and 14 

strains displayed 99.6% similarity with ATCC 29544
T
. These strains share the common 

feature of being positive for malonate utilization and are proposed as a subspecies of group 1. 

Two strains from different branches within group 3, ATCC 51329
T
 and CDC 3523-75, 

showed 92% DNA relatedness whereas their relatedness to the group 1 strains was only 31-

53% (Table 1). Also the similarity of the 16S rRNA gene between group 3 strains was 99.9% 

but only 97.9% similarity was shared with ATCC 29544
T 
(Table 2). This is below the 

threshold of 98.7% recently proposed at which DNA-DNA hybridization is mandatory [10]. 

Further, these
strains shared greater than 50% pattern similarity using f-AFLP analysis but 

less than 50% similarity to all other strains (Figure 2). From these results it can be concluded 

that the group 3 strains represent a single distinct species from ATCC 29544
 T
. Group 3 

comprises strains identified as biogroup 15 [1]. 

Group 4 is comprised of strains identified as biogroups 6, 10 and 12 along with NCTC 9846. 

DNA-DNA hybridization of CDC 5960-70 (biogroup 6) and NCTC 9844 (biogroup 10) 

showed 77% DNA relatedness, whereas the DNA relatedness to the group 1 strains was 16-
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�������	���
����
���� comb. nov., named in honour of the Japanese microbiologist Riichi 

Sakazaki when the species was first designated in 1980 as ��������	���
����
���� [1], is the 

type species of the proposed genus �������	��� and the type strain is ATCC 29544
T
 (ATCC, 

Manassas, VA, USA) also available as NCTC 11467
T
 (NCTC, London, UK).  The type strain 

was originally isolated from a child's throat [1].  

��
����
����
subsp. ����
����, comprises biogroups 1, 2, 3, 4, 7, 8, 11 and 13 previously 

described [1] and is generally indole, dulcitol and malonate negative, but methyl-α-D-

glucopyranoside positive (Table 3). 


�������	���
����
���� subsp. ��������	�� subsp. nov.  (mă.lō.nă.tĭ'cŭs. N.L. n. malonas -atis, 

malonate; L. suff. -icus, suffix used with the sense of belonging to; N.L. masc. adj. 

malonaticus, pertaining to the utilization of malonate) is comprised of biogroups 5, 9 and 14 

previously described [1]. The proposed type strain for this subspecies, CDC 1058-77, was 

originally isolated from a breast abscess and is also available as LMG 23826
T
 (BCCM/LMG, 

Ghent, Belgium) and DSMZ 18702
T
 (DSMZ, Braunschweig, Germany). ��
����
����
subsp. 

��������	��, is indole, and dulcitol negative, but malonate and methyl-α-D-glucopyranoside 

positive (Table 3).   

 

"���������	���� �������	���
���������� ����	����

�������	���
����������
sp. nov. (mœ.tjən.sĭ.ī. N.L. gen. n. muytjensii, of Muytjens) named in 

honour of the Dutch microbiologist Harry Muytjens who performed much of the early work 

on ��
����
���� [27, 28, 29, 30, 31].  This species comprises biogroup 15 as previously 

described [1]. The proposed type strain is ATCC 51329
T
 (ATCC, Manassas, VA, USA) also 
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available as CIP 103581
T
 (Collection de l’Institut Pasteur, Paris, France). This strain was 

originally deposited by bioMérieux, La Balme-les-Grottes, France.  ��
���������� sp. nov. is 

indole, dulcitol, and malonate positive but palatinose and methyl-α-D-glucopyranoside 

negative (Table 3).  

  

"���������	���� �������	���
����������� ����	����

�������	���
�����������
sp. nov. (dŭb.lĭn.ĕn'sĭs. N.L. masc. adj. dublinensis, pertaining to 

Dublin, Ireland, the origin of the type strain) is comprised of biogroups 6, 10 and 12 as 

previously described [1]. The type strain, CFS237, is from a milk powder manufacturing 

facility and is available as LMG 23823
T
 (BCCM/LMG, Ghent, Belgium) and DSMZ 18705

T


(DSMZ, Braunschweig, Germany). ��
����������� sp. nov. is dulcitol negative and methyl-α-

D-glucopyranoside positive and generally positive for indole production.  

 

"���������	���� �������	���
����	����� �����	�����

�������	���
����	�����
sp. nov. (tŭ.rĭ.sĕn'sĭs. L. masc. adj. turicensis, pertaining to Turicum, 

the Latin name of Zurich, as the type strain originates from Zurich, Switzerland).  The 

proposed type strain, 3032, is available as LMG 23827
T
 (BCCM/LMG, Ghent, Belgium) and 

DSMZ 18703
T
 (DSMZ, Braunschweig, Germany). This strain was isolated from a fatal case 

of neonatal meningitis occurring in Zurich in 2005 [32]. ��
����	����� sp. nov. strains are 

indole negative but malonate, dulcitol and methyl-α-D-glucopyranoside positive.   

 

"���������	���� �������	���
 ��	�
�����������

As no phenotypic differentiation of these strains from other strains within biogroup 16 could 

be determined and only two strain exist in this group, at the present time it is proposed to 
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containing fragments of 50 to 536 base pairs, were transferred into the BioNumerics™ 4.5 

software (Applied Maths, Belgium). For numerical analysis, data intervals were delineated 

between the 75- and 500-bp bands of the internal size standard. Clustering of the 

BioNumerics™ 4.5 software generated AFLP™ DNA fingerprint patterns was performed 

using the Dice coefficient and the UPGMA algorithm with an optimization of 0% and 

position tolerance of 0.2%.   

 �������	��

Ribotyping was performed using the automated RiboPrinter�  Microbial Characterization 

System (Qualicon Inc., DE, USA).  Isolates were grown on TSA (18 h, 37°C) and prepared 

according to standard procedures [36] using the �	�R1 restriction enzyme.  Riboprint 

patterns were downloaded to Bionumerics v.4.5, a UPGMA dendogram was constructed 

using a DICE coefficient with an optimization of 1% and a position tolerance of 1.5%.  

�+$�� '����	����,��	�����

16S rRNA gene sequencing was performed by Fasteris SA, Switzerland.  Isolates were grown 

18 h in 5 ml BHI at 37°C and 1ml centrifuged at 13,000g for 5 min, the pellet was washed 

with 1 ml H2O.  PCR-ready DNA was prepared by washing 10 µl of the concentrated culture 

with 200 µl H2O and resuspending the pellet in 50 µl Prepman Ultra (Applied Biosystems).  

The cells were heated at 99°C for 10 min.  Ribosomal 16S rRNA gene was amplified from 1 

µl of PCR-ready DNA using the high-fidelity polymerase PrimeStar (Takara) and the primers 

P0 and P6 in the presence of betaine: 3 min at 95°C; 30 cycles of 30 sec at 95°C, 30 sec at 

56°C, 2 min at 72°C; 5 min at 72°C.
 P0 – 5'-AGA GTT TGA TCC TGG CTC AG-3'; P6 – 

5'-GTA CGG CTA CCT TGT TAC GA-3'.  The PCR was carried out in 3 x 15 µl, which 

were subsequently pooled. After purification the amplified fragments were sequenced using 

the primers P0 and P6.  Some templates produced a double sequence close to the P0 site, 

these were sequenced using another primer that binds in the reverse orientation to a 





 - 18 - 

managed the project and edited the manuscript.  All authors contributed to the text and read 

and approved the final manuscript. 

�

���	�������
�	����

The authors would like to acknowledge Nicole Garofalo (NRC) for assistance with the 

biochemical tests, Tracy Clegg (UCD) for statistical analysis of biochemical data and Marjan 

De Wachter for performing the AFLP analyses. Also to thank Johan Goris for advice on 

DNA-DNA hybridization methods, Jim Farmer for advice on the taxonomy of 

��������	�����	���, and Jean-Paul Euzéby for advice on appropriate latinization of names.  

Phonetic pronunciations are based on the American Heritage�  Dictionary. NM and SF 

acknowledge the financial support provided through the Irish Governments FIRM 

programme project no.: 05/R&D/D/363.  The AFLP
®
 technology is subject to patents and 

patent applications and AFLP
®
 is a registered trademark, all owned by Keygene N.V., the 

Netherlands.  The BCCM/LMG Bacteria collection is supported by the Prime Minister’s 

Services – Federal Office for Scientific, Technical and Cultural Affairs, Belgium. 



 - 19 - 

 �����	����

1. Farmer JJ III, Asbury MA, Hickman FW, Brenner DJ, the ��������	�����	��� Study 

Group (USA): ��������	���
����
���� �����������	
������
 ��������	�����	��� ��


�������������	�
�
	������	
�����  ���
�
����
��	������ 1980, �� :569-584 

2. Iversen C, Waddington M, On SL, Forsythe S: �����
�
	��
��������������������

��������	���
����
���� ������
������ ��������	��� ����� �������	��� ����	
���  �
����


 �	������ 2004, �� :5368-5370 

3. Lehner A, Tasara T, Stephan R: �� ��!"#������$�����������
����� ��������	���


����
����
 ����
���������
����������%�	������������������������&'!�����������


����
�
	��
����� � �
 �	������ 2004, � :43 

4. Iversen C, Waddington M, Farmer JJ III, Forsythe S: (���$
�	���
	���

�
�������
��
������ ��������	���
����
���� �����������   � �
 �	������ 2006, � :94 

5. Stackebrandt E, Frederiksen W, Garrity GM, Grimont PAD, Kämpfer P, Maiden 

MCJ, Nesme X, Rosselló-Mora R, Swings J, Trüper HG, Vauterin L, Wards AC, 

Whitman WB: !������������������	�	���
���������������)����%��
�������������	
���

���
�
�
���
��$�	���
������   ���
�
������
�!��
 �	������ 2002, *� :1043-1047 

6. Clarridge JE III: ����	������� ��!"#�+���� �,%��	��#�����
�����������
�
	��
���

���-�	���
�����'�
�
	���.
	��$
��������������	�
�%��/
�������  ����
 �	������
"�! 

2004, �0 :840-862 

7. Stackebrandt E, Goebel BM: (�1����
	�������#����	������/"#)/"#�

������	
��
��������� ��!"#���,%��	��������
��
�����������������	
������ 
�
�
���
��

$�	���
������   ���
�
������
��	������ 1994, �� :846-849 

8. Drancourt M, Bollet C, Carlioz A, Martelin R, Gayral J-P, Raoult D: �� ��
$�������

/"#���,%��	��������
�������������	����	�
���������
��������������	�
�
	���

%�
����
�
�$���$�	���
���
���������� �
����
 �	������ 2000, �2 :3623-3630 



 - 20 - 

9. Drancourt M, Raoult D:  �,%��	�)$����� 
����
�
	��
��� ��� ���� $�	���
��� ��

������
�
��� ���� 	����
��� ��� ��� ������� $�	���
%�� �����
�����  �
 ����
  �	������ 

2005, �� :4311-4315   

10. Stackebrandt E, Ebers J: (�1����
	� ����������� ���
�
����� ����
����� �����

�����������  �	�������#�
����� 2006, �� :152-155 

11. De Ley J, Cattoir H, Reynaerts A: (���,%���
���
�������%����������/"#�

��$�
�
3��
�������������%���
���������  ���
�
���	$�� 1970, �� :133-142 

12. Mehlen A, Goeldner M, Ried S, Stindl S, Ludwig W, Schleifer KH: /��������������

�������/"#)/"#���$�
�
3��
����������$������������
�������
����
���
	��� ������   

������
%&&�
 �	������ 2004, �0 :689-695 

13. Huss VAR, Festl H, Schleifer KH:  �%�
�������������	������������
	�

������
���
������/"#���$�
�
3��
�������������%���
���������   ������
%&&�


 �	������ 1983, � :184-192 

14. Wayne LG, Brenner DJ, Colwell RR, Grimont PAD, Kandler O, Krichevsky MI, 

Moore LH, Moore WEC, Murray RGE, Stackebrandt E, Starr MP, Trüper HG: 

!������������������	�	���
����������	��	
�
��
������������	�������$�	���
���

��������
	� . ���
�
����
��	������ 1987, �0 :463-464 

15. Clermont O, Cordevant C, Bonacorsi S, Marecat A, Lange M, Bingen E.: #%��������

�
$����
�������
�������
������������
	��%$���%�����
�
��
������	�
�
	���

�1���
�����
������������
	� ��	����	���
	��� �����
���� �
����
 �	������
2001, 

�4 :4549-4553 

16. Guillaume-Gentil O, Scheldeman P, Marugg J, Herman L, Joosten H, Heyndrickx M: 

+����
	�����������
���
�� ��	�����
����������������� �����������������$��

!
$����
�������!����
�
���51������
	�&��
�����
	)&'!��
������
��
� ��  %&&�


��!����
 �	������ 2002, �2 :4216-4224 









 - 27 - 

������/��$�������������������	��������
������������ ��������������	������	�������������

�������	��� ����������	��������������

  Dul
 

Ind
 

Malo AMG 

�������	���
����
���� subsp. ����
����   (163)
§
 - - - + 

�������	���
����
���� subsp. ��������	�� (22) - - + + 

�������	���
����������

 (7) + + + - 

�������	���
�����������  (8) - + v + 

�������	���
����	�����

 (8) + - + + 

�������	��� genomospecies 1 (2) + - + + 

 

§
number of isolates; Dul, production of acid from dulcitol; Ind, production of indole; Malo, 

malonate utilization; AMG, production of acid from methyl-α-D-glucoside; +, 85-100% 

positive; v, 15-85% positive; -, less than 15% positive. 
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������9��������
������������	������	���� �������	��� ����
������� ��������	�����	��� ��


 4-NP-

α-Glc 
VP ADH ODC SAC RAF CEL ARA CIT MR ADO SOR LDC H2S 

�������	��� spp.  + + + + + + + + + - - - - - 

�������/����
�#������
 v - - + - + + + + + - - - - 

�������	���
������
 - - v + v - + + + + + + - - 

�������	���
��������
 - - v - v v v + v + - + - + 

��0���������
�����
 - - - + - - - - - + - - + + 

��������	���
����#����
 - + - + + + + + + - + + + - 

��������	���
��������
 - - v + + v + + + + - + - - 

��������	���
	��	���#����
 - + + + - - + + + - - - - - 

��������	���
	���	��
 - + + + + + + + + - v + - - 

��������	���
#��#�!���
 - + - + + + + + + - - - + - 

��������	���
$�����	$��
 - + v + + - + + + v - - - - 

��������	���
&������
 v v - + + - + + - v - - + - 

��������	���
$��!���	��1
 + - - - - - + + - + - - - - 

��������	���
����	�����1
 + - - - - - + + - + - - - - 

��	$���	$��
	���

 - - v v v v - + - + - + (+) - 

2�����
��!��
 (-) (+) - + - - (-) + - v - - + - 

3���������
&���������
 (-) + - - + + + + + - + + + - 

3���!��� spp. v - - + + + + + (+) + - v v - 

.�	���	��
���	����/�����
 - - - - v v + + - + + - - - 

 ��#������
���#����
 - - - + - - - - - + - - - (-) 

)������ spp. - v - - v v v + v v - v - - 

)������
!��#����
 + - - v (+) - - - v v - - - + 

)��!����	�� spp. - - - - v - - - v + v - - v 

"�$�����
���������
 - - v - + + + + (-) - - + - - 

"���������
�����#���
 - + - (-) + + + + v v + + + - 

Salmonella sv. - - v (+) - - v (+) v + - v (+) v 

��������
���	��	���
 v + - + + - - - + (-) v + + - 

4�������
������	�����	�
 - - - + + - v + - + - + - - 

 

4-NP-α-Glc, metabolism of 4-NP-α-glucoside; VP, Voges-Proskauer; ADH, arginine 

dihydrolase; ODC, ornithine decarboxylase; SAC, acid from sucrose; RAF, acid from 

raffinose; CEL, acid from cellobiose; ARA, acid from arabinose; CIT, use of citrate as sole 

carbon source (Simmon’s); ADO, acid from adonitol; SOR, acid from sorbitol; LDC, lysine 

decarboxylase; MR, methly red test; H2S, production of hydrogen sulphide.  +, 90-100% 

positive; (+), 80-90% positive; v, 20-80% positive; (-), 10-20% positive; -, less than 10% 

positive. Data was derived from this study and from Manual of Clinical Microbiology, 7th 

Edition [25].  *��������	���
$��!���	�� and ��
����	�����
are novel ��������	���
species [38]. 

     








