R
%ﬂl}lé

65

KR, THEBAEMEEREE

SR

B RAEEER BEMFER F-ER

S (RREOFHRUOBEEOEE LT SE
BICBET ) KIEEEOTOE I~5EHIIEED D
B, 2EENMABLBERPMETH L LEI SN TV %,
BrC 1~4 HICRNIE, Uoic S8 ERED 48 EET, ¥
DHEETEEENSLEEIONTVS, TNHDEKRE
D55, EREHYLN,» S ODBEDENBENEELD
N3F VBB EOEEBER L, ERIFE, =+ /3y
7 RfE, &Y A, Tk I, BER V7 FRAESE
RETENBESHEINATVS (FE D, LrLEEds,
NV USERHO - EREE, BREYS SBRET
3, BREEEREIEEINTORLABRLERLAELH D,
CHES HEETNEMEL L ->TV S,

1) XK, EhoRETIES

AT, EREE LT, /NS, BEAILY
FoF, VHWELEVF VI Ry FTHLZYNVER F-
WH, ~HEE mERSE, ZERHogSETIATL
%o BIBWID 5 BE T AERBICOVT, R2ISRLIG
TR SHMBP e — N TNIE, 5y 8, RIAMEEL
HFRAEORLEFEEY & LTid, v P -8EH, avE
JREBHOLSATWAEY, ThsOBc>WvwWTid, BA
~OIFFEEDBA LT 5 712D I AR IELE PRI,
BHEENE SN TR, BREBLEOY 27307130,

BREYOh TR OLCEATIN T ED08K, T
b, Ry b 7— FIHLOBEEICL B LY, 208 FiTidA
»3 1,310 FUE, #5134 AEEE S hTh Y, £F, 1§
IMERAERLTWS, I pofABINTEY, TOFH
BRZ[DLKH-> T B> cBbhad, R, HEdbic
e ORGYECHEKEMNCIED 55 (F2), —HRINCE)
Wi 5 ANOREROEE T OEEESE VIR ERS I
15250, BBRSEELR, B, ERrhlih orEs
VEREYTLH 5,

FKHISO TR REBCRIFEAF S, ARG TE

HEESE L SR —
T162-8640 HEHETEEA L 1-23-1
ERTBRYME R BERAER
Tel : 03-5285-1111 (PN 2622) ; Fax : 03-5285-1179
E-mail : imaoka@nih.go.jp

ESHAULESD AL ->TWE, BETSH 2006 F
I 2FHEROWTEENRE SN, VTR BN TR
ZLEATRELLLOT, BHE, BNORCEEATE
RIJ/ICH B T L3I0,

PIF, 4 OHAZETHE - IREZT-> TV SR, HH
SEMERBGYEIC > W TEN T 2,

@) KTNESE

RO TVESERTNES « =2 (Brucella canis) I
& A ANBILBERGYETH b, I, REFERER O ABIKE
BICBTAENRENEEICT > TWD (FE3A)Y, B
canis $KREOREMBRTEH LULHEORERE & L
T, 1968 £EiC LE Carmichael It & b BIE « & & h 9,
AT, 1971 FICERA Y — /S VREERR cOEH
BRGLIRE, 1970 RIS  ORMFAESRE s i s,
ZOEHOE LY OREIC X EROTUAFERIIFEY 8.8%
L >TOVEY, Bx BEFHBOETHNEE L vy -0
BHEBT Fevs-303RBEEREIOHES
fTo 1o FDFEER, 2003~2006 EOHUAFERIL 2.5% T
by, HHEZRRONIP -7 (FE3B)D, 7, EIEC
L AEYEEES vy —DFE (2001~2006 FF) TH
4.1% ODRDFHEZFEE L Tk, HETR, BEE L
vy —iRE - NBENERDIBEAEN, bOTRy b
ELTHBINTOWARTHE T S, BRND 2~5%
BEO~y PRI B canis IKBREEEFE > LTSN
5o TIAKMFEOEMRELRLTH B, Thllsc
L OARBEIERRPARER I MR THRITLTVAE LE
birs,

—h, AND TN SERBEERIC LD 4 FHRREE I
EINTEBY, BESBEESU SN 199448 18
LIBE, 200944 H30H F ¢ 105 (2002 &1 1 F,
2005 EELIEAS 9 ) D B. canis BREBREMSFIFHONAT
W3 (3009, 2008 £ IR ON TV FIERITICE
V), FREREREEE 2 8 T SEARE L 1z, BRiE
RIEBEARDREFELERF RO > I EHBEZLS
T3, —ENC, ANORYHL, BRYROTEELHR
EROBEYREICEMT A&tk b0, BEL K&
BT 2 S0 WAEEEE CBEMS N1 ) X 7 5E

— 116 —



66 BRI MRS

13(1) 65-70. 2009

% 1 HECBI 3 ABLBRLERERENK
2005 & 2006 £F 2007 £ 2008 4E
Bog IE (05.1.3 (06.1.2 - (07.1.1 (07.12.31
~06.1.1)  ~’06.12.31) ~’07.12.30) ~’08.12.28)
28| #KQ — - 20151 27737
15 HEHERA@ 553 483 450 318
BEH Mt RIBEREE@ 3589 3910 4586 4307
E RIfT4 42 70 54 43
k)90 RE 20 20 16 17
PN 34 22 30 9
Q# 8 2 7 3
N 0 2 0 0
F v U@ 74 57 89 104
45 B AHL B, 62 45 98 132
B A4 7 10 3
T SHE 2 5 1
BTN 0 0
54 LR 8 13 12 5
LT RESEE 17 24 34 42
T A = GRE@ - 698 738 781 861
S5 | 2 YT rRRY VY LE® 12 14 6 9
‘ VTN TEG 86 87 56 75

(BYEREHERE - BRPEER, FAFEHE - BVRMENERIC L 5)

@ 5%, MENRE, BEHMMABEE #E8, Ty 78, 72298, 207 bRy Y
v AE, YTAVTERELTE BEOoKKEISEHRLAOREEEDLN S,
s 2RI N TOVEVESRICSWVWTIE, T OREd (2005~2008 &) DGR LV,

MeEshTws, UL, BESNcBEOHEREER
RRDE, MELOBREEIEZONIDE4HITEHD, K
BFITIRINODBEREDbs TRV EYD, BELD
AD, WbWwd -~y PEREOBES T KBRS LK
EEhBr—2b6flHEEh TS (F3C), £/, A
@ B. canis BREE R, FERVBERBE TS >bE NI E

BEVEINBI LMD, BENBREEPMICDVD
LEZ NG, BE, BRRYEE GEM BREEE
15 2FELRLOFERETE, 4/304 (13%) ik
BiTdb, Fkls 1:320~1280 EEVEZRL K
bbb od, Tho4ZOREELEOFREAELL
TRIHOSNBITRE > TV,

As REBIT B canis Biex 3 Thoicid, fAlLDd
BB ARDOUHEIE & E A 5 h 5 REERROBE LI EE
Th b, BREEICE > THEETRT Ve FJEVRIT
L7BE, BEMIC O RERITR.EZ T %, LIt -T,
HREIOBRE &, HENICHICAREEAT 5RORED
EREIC LD, BREFEOBNIPBUBETH B,

(3 K, BEEIHEDBREE
BEEAORAECIHENORBRESHRIE, 40 6,300 #13
FEEhTWE, LL, BEARDOH 5 £ (6,800 FH) O
BEbh TV AKETE, F/ 470 AR FhH, 80
FADEEEELSZ2 L, 6000 ABARTSEVWITE
HELH B, Lich-T, EBRZOAETELEDEL D
REEHPFEEL T B LTINS, i, ROECD
Fh B EBEAER T TR, REEORERC B
TE5IEND L, KELBVT, BEREGEROFTAL
REEL D D 0H, BEVMEICHET 2881, RKE
4~20% 1T HANT, BREE T 20~50% &, H1E-T
WEY, ZOXINA, HBREZCHRTIREEEL LT
i, FRRPSHRGTEES FALORELZHL, L<40
SNTWAEY, BRREABORBOVEVERTE, &R
L AN EOEBEENMIc bd 5, PITI, K, Mook
WEEEI L 5 RREAENT 5,

D ~RvUSE

K, BOOENELEREO 1 1T Pasteurella multocida 75

— 117 —



A, TR A

67

# 2 ELEYIHRRGE

" &

bl

Rk

A

Y .

& 3 - E

v xR b A IVEH
ERIR*

BHE i I AR
5 B

T AR

O
(ONON®)

A9 LK
Q#

A
73397

WY =T

BT ¥4 LT 7 —HiE
fvEasy y i
$IVE X TIE

WO -0 ER
N VS TE

TN+t I

N h*

Lageshs

V7R RESE

wmoE

000|00
00 0|00

OX®)
O O 00O 000|0

00O

2973y s REE
BEIESRRBEIE

O

T A —NERE
2YyFrRBEY U AEE
FEY TS5 XTHE

ON®)

SRR HIE
[E] RiE
¥/ 3wy RE

AR

00|00

OO0

B, BRBROLTVHO

H BB, THRBEICL BREED > bR O 78k
Eh3, BRORENLTLOTH BY, HHEOXTEHNE
Hrry—0OX BOOBERNRY 7E2EIL £ ORERK
A PCRICELVBRFLIET D, RTR27%, #HiE91%
PRE L TV (FR4A), IEIRE L CREFOELONTHRS
fBh, HEELESEATH S5, KT OB SEERSK
2, B DY v REBNENREEEH B, AV L FIED
BAR, TOERPHZOBREO EBNRETHHT, B
WE X BREILINICRIET 3, KEh b &L S,
Blobhhhiy, Bk LTHERET 3 L0
D, R, WHRBLESE L CEESBETH 5,
) HTIHA T —HE
HUEADHEWEETTH M, 2 Y v EBEIERK K
DOANEEETHEBIA T/ H4 v 7 7 —HBEI L B
PIETH B, H 7/ A b7y —HBEIIG, Capnocyto-
phaga gingivalis % C. ochracea 13 & AOOERMELET

Lh, R, HOBE C. canimorsus, C. Cynodegmi 3415
NTHBY, C canimorsus RGO K VIR EETH
59,10)0

R, BCRENLY, sl -l Uit 21T/
gl (F&5A), BRI 2~14 BT, BERCIERER
BEOC LBV, RIEKCE, BEERL D &, #iTx
BLBOLSRERERT LML (K SB), 2L D7 —
2 THOBMB LY I —~DHE LT 5, HFRFT 200 £
BEOBESHREINTWSENREETH 505, Bl
EAFRIE L & 2OFTHRIT 30% &, FEICERTBRY
ETHB (E5C), £0h, PEAERET I L 52
N, TOFBPFREILWESHTH S, BEOMKEED
SIEPIRSCERSE SN M (FSD), HROE(L
2, B - FEOEEERF-> T T, BRELES Y
B35, BERHHE, HIVESRE, BRES SRR
REEZROE, TOMBEBIEEOET LT3 HE Ty

— 118 —



68 BREE R

# 3 BEROA R 7w SERERR

13 (1) 65-70. 2009

F 4 R, BOOEBENHEREOEFEERE

1971 EREWA © - S VAERES TRE

0ER  EREWA, EER, v CAEESTET
REHE

70 ERBK L OHUARERA—E 4 OREREDOTIF 88%

A) EFEOFIERERE K1 5 EBEHRA

C) KRB 3 C canimorsus, cynodegmi

C. cynodegmi  TRIAHK %

C. canimorsus

FEAE HIX B4 2 BRYPHEORH
2003 =27 51/114 L
2005~06 i 16/83 L
2006~07 KK 139/263 L

2008 ZH 15/37 2% (\EEE)
2008 B - T 18/59 L

+ + 48 72
+ - 7 10
- + 10 15
- - 2 3
& F 67
HISEEOHE

2% 5 C. canimorsus R E ORISR

B) BHEBEEHMESE L v ¥ -t BY AHERERR
FEEER (2003~06)

A) BHRER (n=27)

£ A A R & &
fe # 304 165 469
e 8 (2.6%) 4 (2.4%) 12 (2.5%)
& &t 312 169 481

C) BHiohi: B, canis BRAE OHEERGRER
(1999. 4. 1~2009. 4.30)

RER0EHBE RER D &R
(BEpages, BEM, rY~—1&) TV
SRAM FVR
44 2 4

% 4 A WO OKEREOREHRIT

=l BEX %
RBAE 17 63
Bt - O 15 R 3 11
Wo-hEE 1 4
x B 6 22

B) ARl (n=56)

iE K EBEN %
RIMIE 18 32
RS 7 13
RS 7 13
HBEER 6 11
BrinfEk v 2 w 7 5 9
SRRy 4 7
% Ofth 9 16

C) EIF (n=30)

A) Pasteurella multocida BEH %
B OE 20 67
B B - BEE (%) A - ' 10 33
FoE o r o e oew
B) Capnacytophaga spp. SEMH B %
m #& ‘ 49 88
HRAREL FEi g BiEE (%) T 5 B 4 7
AN 325 309 95 M & BE iR 2 4
(] 115 103 90 B! 1 2
AiE H16~18, Mz HI9EEORE XHER9) kb

— 119 —



R, SHERAAE R 69

% 6 END C. canimorsus BRYEEFAERDN

F Ea RRYLEENY) RRAERE X7z BRER Tk
2002 95 LAY BAE - RiE ElEE A
2004 62 iR B& RRImAE IR
2006 75 LA oy BRAE - DIC B8
2007 78 fAVR B BRI - BEfE EliE
59 Y] &5 REMNFE - R W
2008 60 iFRAWN B4 BUMAE « DIC FT
59 EILAWN [oge=t BYIMEE - DIC E1f3-S
44 gV K5 B [iiE - DIC [EiE
70 VA g RE - fIERRE EHE
70 B R BE Jidithd A
71 87\ e #iE R IMSE - DIC [E{8
YR IBEOEINRTNBE», 4 sbHYIC

Fox i, SEEOETEMER L s —OX, HOOKE
W27 728 % OEEIRIE RS U, fEROMS
2, BB X 3HETHD, TONEE, THLLRE
R WBHHEE SN TV, RxOFETH, HOLRE
RIFOIIY 30% 3L TH -1 LipL, BRI PCREE
B L, Thick 2 BETFREAFEMLILE AR, L
LIBELR 0% L EThY, ERELShTVRUE
R ) R DE VT EMBAS M EE -t R4B)e C
canimorsus B £ O C. cynodegmi B TId, 70% MG L b
KREELTRY, BREBICEEGSERERT C cani-
morsus 3 80% DIESEE L Tz (FE4C),

Tk HHRIE L TV A ERND C canimorsus BREREE 11
BlAE 6 IR LI, BEOERI M4E~ISKT, REE
k20N 6B, BEBCLIbOWB 5P TH o120 &
NENSER 2~THTREL TR, BUPEETH-/C
kD EEEETORBEAZYTRET TREL TV
= ZAHE, TO D BREAE 14, WG 4 FloBEN
HELTHY, 2055 4FinFBNARIER 1mEF
KL TO i, $, BEHOEHT, ThH50BE 11
LA LS, BRRCSMES CERBRELR>ED
DO TEREL, BUTNIEBREBOBTVWELSZINT
Wite B AHIC L b, FoFMUcHEHITE USRI S
BEEZONBY, NEBREBCIIRTCEGZVON
WRIHTS 5, FECHENL VO R, BRES TR
NTETVEEDEEbNSY, EREROEMOTEE
HHEBETELL,

B, Beid, TOBENREEORES, BEEEL
DRR, RAEHEER EOBRF AT TV B, BE &b
EBLTOVAR, HHRBPETH B,

I, X, BEOFEML, B~y bELTO®R
LFE T TR, WhWET=TAET E— (EWINER
B OWFELTHERINR TV, LIhLEEhrs, &K
BICTBNA LI SRV VSIERH T/ 314 b7 7 —HE
i$, MBI X BREALEL LEVEREORE, &
£, 1-&ZIE3INBVOHRTET LEMISE, THREL
55, —fRic, AAE, SEE, RRNERECS2ER
BRAE~OIEFHAENE SN TV S, 5%, SSICEHH
(bt entesd, *BERRL EEBRERLRE>E LM
TEEEZLNTOVEY, SREPNEZ T B, A
BB ORESOBRRBNETHLLEL LN B,

SE

D) — gAY b7 - Fiar—s ==Y (http:
//www.petfood.or.jp/topics/topics-new.html)

2) AEE— R7Vve SEORIREFE BERREM
&3k, 62, 5-12, 2009.

3) Greene, C.E. and Carmichael, L.E. : Canine brucello-
sis. In : Infectious diseases of the dog and cat, 3rd ed.
(C.E. Greene ed.), pp 369-381, Elsevier Inc., Canada,
2006

4) BHEILFEER : RO 7 v 5. BEESEFRH, 47, 97-
101, 1994.

5) Kimura, M., et al : Evaluation of a microplate aggluti-
nation test (MAT) for serological diagnosis of canine
brucellosis. J. Vet. Med. Sci., 70, 707-709, 2008.

6) HGRE—: TNV FREORKREDFER €5V AT 4
7, 55 (3), 76-85, 2009.

7) CDC : Nonfatal dog bite—Related injuries treated in
hospital emergency departments—United States, 2001.

— 120 —



70 BREEEESMEE 13 (1) 65-70. 2009

MMWR, 52, 605-610, 2003. 10) Gaastra, W. and Lipman, L.J.A.: Capnocytophaga
8) Greene, C.E. and Goldstein, E.J.C. : Bite wound infec- canimorsus. Vet Microbiol, 2009.

tions. In : Infectious diseases of the dog and cat, 3rd ed. 1) BEmEYosdETEORERCET A NS F54 v

(C.E. Greene ed.), pp 495-510, Elsevier Inc., Canada, 2006 —ELEYIHRBREIEDOFEO dic— BE

2006 S EEEEER, 2006 (http://www.mhlw.go.jp/bunya/
9) Janda, J.M., et al : Diagnosing capnocytophaga cani- kenkou/kekkaku-kansenshoul1/02.html#2)

morsus infections. Emerg Inf Dis, 12, 340-342, 2006.

— 121 —



Ipn. J. Infect. Dis., 61, 116-122, 2008

Original Article

Properties of Corynephage Attachment Site and Molecular Epidemiology of
Corynebacterium ulcerans Isolated from Humans and Animals in Japan

Yukiji Seto'?, Takako Komiya', Masaaki Iwaki', Tomoko Kohda?, Masafumi Mukamoto?,
Motohide Takahashi' and Shunji Kozaki**

'Department of Bacterial Pathogenesis and Infection Control, National Institute of Infectious Diseases,
Tokyo 208-0011, and *Department of Veterinary Science, Graduate School of Life and Environmental Science,
Osaka Prefecture University, Osaka 599-8531, Japan

(Received October 17, 2007. Accepted January 7, 2008)

SUMMARY: Sporadic reports of Corynebacterium ulcerans infection in humans and animals have become
increasingly common throughout the world. Between 2001 and 2006, five human cases, in addition to isolation
of the bacterium from the carcasses of Orcinus orca and Panthera leo, were reported in Japan. While an isolate
from P. leo generated only phospholipase D (PLD), the other isolates produced both PLD and diphtheria-like
toxin (DLT). Pulsed-field gel electrophoresis analysis showed that isolates from P. leo and humans were genetically
homologous. Southern blotting found that a human isolate was lysogenized by two corynephages coding DLT.
Sequence analysis of the region of the DLT gene revealed that the integration in C. ulcerans occurred in the same

manner as that in C. diphtheriae.

INTRODUCTION

Corynebacterium ulcerans was first isolated from human
throat lesions in 1926 (1), and has recently been recognized
as a distinct species within the genus Corynebacterium by
DNA-DNA hybridization (2). C. ulcerans can carry the
corynephage that codes for diphtheria toxin gene (fox), and
toxigenic strains produce diphtheria-like toxin (DLT), which
may be associated with classical pharyngeal diphtheria in
humans. The organism also causes respiratory symptoms in
macaques (3), mastitis in cattle (4), and caseous lymphadeni-
tis in sheep and goats (5). Since there have been some cases
in pets, such as chronic labial ulceration and rhinorrhea in
dogs (6) and bilateral nasal discharge in cats (7,8), it has been
suggested that clinical cases in humans are usually derived
from infections in household pets (9). Sporadic cases in hu-
mans and animals have recently been reported throughout
the world (10-17), and many reports have originated in the
United Kingdom (7,19). In Japan, 5 cases in humans were
reported between 2001 and 2006 (12,14). During the same
period, C. ulcerans was identified from the carcass of Orcinus
orca (killer whale) and Panthera leo (lion).

C. ulcerans is a member of the so-called “diphtheria group”,
which includes C. diphtheriae and C. pseudotuberculosis (4).
Toxigenic strains of these bacteria can produce diphtheria
toxin (DT) (C. diphtheriae) or DLT (C. ulcerans and C.
pseudotuberculosis). The production of urease and a failure
to reduce nitrates are characteristics of C. ulcerans that are
not shared with other members of the diphtheria group (4).
The characteristics of members of the group have been of
special interest to those studying the epidemiology of diph-
theria, since it was reported that diphtheria-like organisms
had been isolated from cases of acute sore throat and from
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nary Science, Graduate School of Life and Environmental Sci-
ence, Osaka Prefecture University, 1-1 Gakuen-cho, Naka-ku,
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healthy carriers (4). Diphtheria is an acute infectious disease
caused by the toxin-producing C. diphtheriae. The disease
is typically characterized by local infection of the upper
respiratory tract and occasionally the skin. Systemic mani-
festations can affect, in particular, the heart, kidneys, and
peripheral nerves because of DT, which is a cytotoxic protein
that inhibits cellular protein synthesis in eukaryotes by in-
activating elongation factor 2 through ADP ribosylation (19).
C. ulcerans also produces phospholipase D (PLD), which is
a known virulence factor in C. pseudotuberculosis (4,20).
Lipsky et al. have shown that there are three toxigenic groups
in C. ulcerans based on the production of DLT and PLD, in
which the three groups respectively produce DLT, PLD, or
both (4). Another report indicated that PLD production was a
feasible marker for distinguishing between C. ulcerans and
C. diphtheriae (21). However, little recent attention has been
directed at PLD production by C. ulcerans.

Toxin production by C. diphtheriae depends on infection
of an organism with a beta corynephage encoding fox. In
strains of C. ulcerans and C. pseudotuberculosis, phages are
also able to induce the production of DLT. In toxigenic C.
diphtheriae, site-specific recombination occurs between a
phage attachment (attP) site and a bacterial attachment
(attB) site (22). Certain strains of C. diphtheriae contain two
attB sites (attB1 and attB2) in their chromosome, and the
corynephage can integrate into either a#tB1 or attB2 with equal
frequency. Lysogens containing two phage copies have also
been isolated and were shown to contain either two phages
tandemly integrated at the same aftB site (unstable confor-
mation) or one phage integrated in each of the two atB sites
(stable conformation). The production of DT by a given
lysogen is proportional to the number of prophages integrated
into its chromosome (22,23). The sequence homologous to
the beta corynephage integration site in C. diphtheriae is con-
served in members of the genus Corynebacterium. The
sequence of the a#B site was also found in C. ulcerans (24,25).
Maximescu et al. showed that C. ulcerans (strains 40c, A238,
298G, and 9304) could be lysogenized and converted with
phage W from C. diphtheriae PW8; moreover, C. ulcerans
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phage “h” induced the production of DLT in C. ulcerans
(strains 40 and A238) (26). Although the occurrence of phage
conversion and the presence of the attB site in C. ulcerans
have been demonstrated, the details of the relationship between
the aitB site and tox in the bacterium are not well understood
in comparison with those of C. diphtheriae.

The aims of this study were to determine the toxigenicity
and genetic relatedness among isolates in Japan using re-
striction fragment length polymorphisms of rfRNA genes
(ribotyping) with BstEIl and pulsed-field gel electrophoresis
(PFGE) with Sfil. We found a cotrelation between the attB
site and fox in C. ulcerans using Southern blot analysis with
specific probes for tox, the attB site, and the PLD gene (p/d).

MATERIALS AND METHODS

Bacterial strains and DNAs: We used seven strains iso-
lated from humans and animals (Table 1). Strain 0509 was
obtained from a swab from a 57-year-old man, whose chief
complaint appeared to develop after the death of his dog.
Another strain, 0607, was isolated from swab used to obtain
a sample from a 58-year-old woman, who also kept a dog.
The immunization status of these persons with diphtheria
toxiod was not known. We encountered an isolate of the organ-
ism, strain Ran, from a female O. orca that had manifesta-
tions of decreased appetite and fever at day 4 post-partum,
and the animal died the next day. The strain designated O-9
was obtained from the carcass of a male killer whale that had
been one-half of a pair of O. orca from the same pool. The
strain lion was isolated from a blood sample from a female P.
leo, and the sample was simultaneously contaminated with
two Staphylococcus spp. and a Streptococcus sp. C. ulcerans
ATCC®51799 (identical to CCUG 2708, NCTC 7910, and
DSM 46325), and C. diphtheriae PW§ and ATCC 700971
were used as reference strains in this study. The total DNA
was isolated as described previously by Michel et al. (18) and
was used for ribotyping, Southern blotting, and sequence
analysis of 16S rRNA, tox, pld genes, and the attB site. For
polymerase chain reaction (PCR) diagnosis to detect fox and
pld, DNA was purified using a QlAamp DNA Mini Kit
(Qiagen, Tokyo, Japan).

Biotyping, toxigenicity testing, and sequencing: Biotyping
of isolates was performed using API Coryne (BioMérieux,
Marcy-I’Etoile, France) according to the manufacturer’s in-
structions. Sequencing of 16S rRNA gene of the isolates was
carried out with purified DNA and the following primers:

16S-fD1 (5-AGAGTTTGATCCTGGCTGAG-3") and 16S-
P2 (5-ACGGCTACCTTGTTACGACTT-3") (27). Using a
modified Elek test, we also examined the production of DT
by the isolates (28) and an in vitro cytotoxicity assay (29,30)
was carried out using the culture supernatants of the Elek
broth (2% [wt/vol] proteose peptone [Oxoid, Basingstoke,
UK], 0.1% [wt/vol] yeast extract [Oriental Yeast Co., Ltd.,
Tokyo, Japan], 0.26% NaCl, pH 7.4) for 24 h at 37°C with
shaking (19). The culture supernatants were prepared by
removing bacterial cells by centrifugation at 4,000 X g for
10 min. PLD activity was assayed a modified Zaki method
(20,31). Briefly, isolates were grown in Brain heart infusion
broth (Oxoid) for 24 h at 37°C with shaking. Bacterial cells
were eliminated by centrifugation at 4,000 X g for 10 min.
Sheep erythrocytes in Alsevers solution were washed three
times in 10 volumes of buffer-saline (10 mM Tris-HCI, 10
mM MgCl,, 0.85% [wt/vol] NaCl, 0.1% [wt/vol] bovine
serum albumin {Sigma-Aldrich Japan K.K., Tokyo, Japan],
pH 7.3). Dilutions of the culture supernatants in buffer-
saline (100 wl) were incubated with 1.5% washed sheep eryth-
rocytes (100 £1) at 37°C for 45 min in a 96-well microtiter
plate (Asahi Glass, Co., Ltd., Tokyo, Japan). Staphylococcal
sphingomyelinase C (Biomol. International, L. P., Pa., USA)
(0.01 U/50 w1) was added to each well. After incubation of
the plate at 37°C for 60 min, it was allowed to stand on ice
for 60 min. Zaki unit values of the samples were calculated
from the dilution in which sheep blood cells were no longer
protected from lysis by sphingomyelinase C. PCR was per-
formed using TaKaRa ExTaq polymerase (Takara, Kyoto,
Japan) according to the manufacturer’s instructions. For PCR
diagnosis, a fragment (248 bps) of fox in the isolates was
detected by the method of Nakao et al. using the primers Tox|
and Tox2 (32). C. diphtheriae PW8 was used as a positive
control. As a negative control, no templates were added to
the reaction mixture. PCR diagnosis of pld was performed
with the following primers based on published pld sequences
(pldFw [5-AACATCTCTCCGTGAAAAAT-3"; position,
-157 to -137 base] and pldRv [5~AGCTCAATCGCACCGTT
GTC-3", position, 1,165 to 1,180 base]). For the sequencing
of tox, pld, and a#tB site-related genes, we carried out ampli-
fication using toxFw (5~CCATGTAACCAATCTATCAA-3
position, -179 to -159 base) and toxRv (5-GTGCGCCCG
GAGGGA-3" position, 1,720 to 1,735 base) based on our
sequence data, pldFw and pldRv, and CU-Rfw (5-CGCGGA
TCCGCGTACTCTCCGGGGCA-3"; position, 833 to 851
base on DLT) and attBRv (5-CCGCAAGCACGAAGAAAC

Table 1. Clinical isolates of C. wlcerans from Japan

Date of

Strain . . Age (years)/sex Source Clinical details Reference
isolation
Isolated from human
0102 2001/Feb 52/F Throat swab Sore throat 13
0509 2005/Sep ST Throat swab Fever. partitas This study
0510 2005/Oct 51/M Lung Lung lesion 25
0607 2005/Nov S8/F Throat swab Pseudomembrane This study
[solated from killer whale
Ran 2004/Aug 16/F Blood, Lung Bacteremia, . This study
Purulent pneumonia
0-9  2004/Sep 15-16/M Blood, Lung ~ DOCSrEMId i grudy
Purulent pneumonia
Isolated from lion
lion 2005/Dec 6/M Blood Sepsis This study

F, female; M, male.
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CCCAGCCCACA-3"), respectively. The sequence data were
analyzed by GENETYX-MAC 10.0 and DNASIS-Mac v3.2.

Ribotyping and PFGE: For the detection of genetic corre-
lations, isolates were analyzed by ribotyping (7,33) and PFGE
(34,35). For ribotyping, 15 12g of total DNA was cleaved with
40 units of BstEIl (New England Biolabs Inc., Beverly, Mass.,
USA). The digested fragments were subjected to 1% agarose
gel electrophoresis for 15 h and the samples were then blotted
onto Hybond-N* membranes (GE Healthcare, Buckinghamshire,
UK) with a Capillary Blotting Unit (Scotlab, Ltd., Strathclyde,
UK). The efficiency of DNA transfer was confirmed by stain-
ing the gels with ethidium bromide, and the DNA fragments
on the membranes were fixed with 0.4 N NaOH. Each mem-
brane was further incubated at 37°C for 30 min with DIG
Easy Hyb (Roche Diagnostics K.X., Tokyo, Japan), and
hybridization was performed for 15 h at 37°C with fresh
DIG-Easy Hyb containing DIG-labeled Oligo5Mix (100 pmol
each) (33), 25 mg/ml fish DNA (Roche Diagnostics), 10 mg/
ml Poly (A) (Roche Diagnostics), and 5 mg/ml Poly d
(A) (Roche Diagnostics). After the samples were rigorously
washed twice with 2 X SSC-0.1% SDS for 5 min at room
temperature and treated twice with 0.5 X SSC-0.1% SDS
for 15 min at 37°C, the bands were visualized with alkaline
phosphatase-conjugated anti-DIG antibody (Roche Diag-
nostics) and detected using CDP-Star (GE Healthcare) and
Hyperfilm ECL (GE Healthcare) in a cassette with an enhanc-
ing.screen. For PFGE, each strain was grown on a sheep-
blood agar plate for 24 h at 37°C. The cells were harvested
and suspended in 0.5 ml PIV buffer (1 M NaCl, 10 mM Tris-
HCI, [pH 7.5]). A portion (0.25 ml) of the suspension was
mixed with 0.25 ml 1.6% Seakem® Gold Agarose (Cambrex
Bio Science, Rockland, Maine, USA) at 50°C and then pipetted
into a plug mold (Bio-Rad, Hertfordshire, UK). The agarose
blocks were incubated overnight at 37°C in lysis buffer (6
mM Tris-HCl1 [pH 7.5], I M NaCl, 0.1 M EDTA, 0.5% Briji
58 [Sigma-Aldrich Japan], 0.2% deoxycholate [Wako Pure
Chemical Industries, Ltd., Kyoto, Japan], 0.5% sodium lauroyl
sarcosine, | mg/ml lysozyme [Nacalai Tesque, Kyoto, Japan]),
followed by deproteination in proteolysis buffer (0.5 M EDTA
[pH 8.0], 1% sodium lauroy! sarcosine [Sigma-Aldrich Ja-
pan], 2 mg/ml Proteinase K [Nacalai Tesque]) for 48 h (35).
The DNA in the plug was cleaved with Sfil (New England
BioLabs), and PFGE was carried out in 1% agarose gel with
0.5 X Tris-borate-EDTA buffer at 14°C using CHEF Mapper
(Bio-Rad). PFGE profiles were analyzed using Fingerprinting™
11 software (Bio-Rad).

Southern blotting: BamHI-digested DNA fragments were
applied directly to 1.0% agarose gel and electrophoresis was
performed with 1 X Tris-acetate-EDTA buffer for 14 h. The
fractionated DNA was then transferred to a Hybond-N* mem-
brane as described above. The membrane was incubated at
37°C for 30 min with DIG Easy Hyb, and hybridization was
performed at 37°C for 15 h with fresh DIG-Easy Hyb (Roche
Diagnostics) containing 20 ng/ml DIG-labeled probes. After
the membrane was washed, bands were detected with alkaline
phosphatase-conjugated anti-DIG antibody. The tox, pld, and
attB site probes were obtained from a DIG PCR synthesis kit
(Roche Diagnostics) using C. diphtheriae PW8 with Tox1
and Tox2 primers, strain ATCC®51799 with pldFw and pldRv
primers, and strain ATCC®51799 with attBFw (5-GCGCC
CGTAGCTCAACGGATAGAGCA-3") and attBRv primers,
respectively.
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RESULTS

Biotyping, sequencing of DLT and PLD, and toxige-
nicity: Isolates from Japan were identified as C. wlcerans
using the API Corvne system (API code 0111326). Biochemical
characteristics of the isolates were also confirmed by partial
sequencing of the 16S rRNA gene, which was almost identical
(99.9%) to that of strain ATCC®*51799 (GenBank accession
no. X84256) (27). To determine the toxigenicity of the iso-
lates, we performed a diagnostic PCR using primers Tox 1
and Tox2 for the detection of rox. Strains ATCC*51799 and
lion did not harbor tox (nontoxigenic strains); however, strains
0102, Ran, 0-9, 0509, 0510, and 0607 retained tox (toxigenic
strains). We also determined the DLT production of the iso-
lates using an Elek test and a cytotoxicity assay using Vero
cells, and the results were consistent with the PCR findings
(Table 2). Diphtheria antitoxin completely neutralized the
culture supernatants of strains 0102, Ran, 0-9, 0509, 0510,
and 0607 (data not shown). We then sequenced the complete
tox genes (1,683 bp) of strains Ran, 0-9, 0509, 0510, and
0607, and compared these sequences with that of fox from
strains 0102 (GenBank accession no. AB304278), A6361
(GenBank accession no. AY 141014) (37), and C. diphtheriae
(GenBank accession no. K01722) (36) (Table 3). Strains Ran
and O-9 possessed identical fox sites (GenBank accession
no. AB304279). The fox genes of strains 0509 and 0606 were

Table 2. Toxigenicty of C. ulcerans and C. diphtheriae

DLT PLD
Strain Cytotoxicity"  Elek Zaki assay?
PCR Cpyos i)  test TR (Urm)
C. ulcerans
ATCC®51799 - ND - + 20
0102 + 362 + + 40
Ran + 256 + + 20
0-9 + 362 + + 20
lion - ND - + 160
0509 + 512 + + 40
0510 + 512 + + 80
0607 + 256 + + 320
C. diphtheriae
PW3 + 3,200 + - ND
ATCC700971  + 128 + - ND
: Cytotoxicities of culture supernatants measured by pH color change

methods.

2 Staphylococcal sphingomyelinase C inhibition activity in cultured
supernatants.

-+, positive; —, negative; ND, not detected.

Table 3. Nucleotide sequence and deduced amino acid residue homology
of diphtheria-like toxin produced from C. ulcerans

% Homology for nucleotide (roman) and deduced
amino acid (italic) sequence”

Isolate C. ulcerans C. diphtheriae
0102 0-9 0510 A6361 DT

0102 100.0 99.10 100.0 95.00

0-9 99.70 99.10 1000 95.00

0510 98.57 98.51 99.10 94.82

A6361 100.0 99.70  98.57 95.00

DT 95.18 95.24 9518 95.18

1 Sequences were aligned using GENETYX-MAC 10.0, and percent
identities were determined by DNASIS-Mac v3.2 without gaps as
the denominator.
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Table 4. Nucleotide sequence and deduced amino acid residue homology of phospholipase D

produced from C. ulcerans :

% Homology for nucleotide (roman) and deduced

Isolate amino acid (italic) sequence"
ATCC*51799 0102 0-9 lion 0510 0607  ATCC739

ATCC*51799 99.69 9739 9902 9772  99.02 98.04
0102 98.05 96.74  99.67  97.72  99.67 98.04
0-9 96.75 96.96 97.06 9837  97.06 96.74
lion 98.16 99.89  97.07 98.74  100.0 98.37
0510 96.96 97.18  98.18  97.29 98.74 98.37
0607 99.05 99.78 9696 99.89  97.18 98.37
ATCC739 97.40 96.86  96.10 9696 9826  96.86

'; Sequences were aligned using GENETYX-MAC 10.0, and percent identities were determined
by DNASIS-Mac v3.2 without gaps as the denominator.

GenBank accession nos. ATCC*51799, AB304281; 0102, AB304282; 0-9, AB304283; lion,

AB304284; 0510, AB304285; 0607, AB304286.

Sankt-
Peterburg

N~ B-l
= C-2
w B-2

-
'

3]

3

Fig. 1. Bs/EIl IRNA gene profiles of isolates and ATCC strains. M,
molecular size standard (sizes are indicated on the left); lane 1,
ATCC*51799; lane 2, 0102; lane 3, Ran; lane 4, O-9; lane 5, lion;
lane 6, 0509; lane 7, 0510; tane 8, 0607, tane 9. C. diphtheriae ATCC
700971.

indistinguishable from that of strain 0102; however, that of
strain 0510 (GenBank accession no. AB304280) differed by
5 amino acid residues from that of strain 0102. Although the
majority of C. ulcerans strains possess the PLD gene, con-
finement data on the PLD production of isolates were not
available. When we determined by PCR analysis that the iso-
lates in Japan had p/d and that they yielded PLD in the Zaki
assay (Table 2), strains 0102, Ran, 0-9, 0509, 0510, and 0607
were found to produce both DLT and PLD, whereas strain
lion generated PLD only, as seen in strain ATCC*51799. We
sequenced the pld gene of the isolates in order to examine
their similarity, because they could potentially be of use as a
distinctive marker within the genus Corynebacterium. The
sequences closely resembled (over 95% similarity) that of C.
ulcerans ATCC 739 (GenBank accession no. L16585) (20)
(Table 4).

Ribotyping and PFGE analysis: We determined the
genomic relationship of isolates using ribotyping and PFGE.
Figure 1 shows that six ribotype patterns (ribotype A, B-1,
B-2, C-1, C-2, and D) were identified among the nine strains;
ribotype B-1 was identical to ribotype B-2, with the excep-

119

291.0
242.5

4194.0

145.5

97.0

148.5

Fig. 2. Sfil PFGE profiles of C. ulcerans isolates from Japan and ATCC
strains. M, lambda concatemer as a size standard (sizes are indicated
on the left); lane 1, ATCC*51799; lane 2, 0102; lane 3, Ran, lane 4,
0-9; lane 5, lion; lane 6, 0509; lane 7, 0510; lane 8, 0607; lane 9, C.
diphtheriae ATCC 700971.

tion of one band, and ribotype C-1 contained one band more
than ribotype C-2. Ribotype groups B (B-1 and B-2) and C
(C-1 and C-2) exhibited high similarity, despite their differ-
ent sources. There were two unique ribotypes in the reference
strain ATCC®51799 (ribotype A) and strain 0510 (ribotype
D). PFGE using Sfil was performed in order to further
discriminate between ribotypes (Fig. 2). Four types (P1, P2,
P3, and P4) of PFGE pattern were found among the nine
strains using cluster analysis (Fig. 3). P2 consisted of a clus-
ter and was classified as ribotype group B. There was high
(97.5%) relatedness between strains Ran and O-9 (P3). The
PFGE patterns of strains ATCC®51799 (P1) and 0510 (P4)
were distinct from each other, as were the ribotype patterns.
Ribotype and PFGE type had the same groupings as those of
the nine strains.

Southern hybridization and sequencing of the aB site
of isolates: To determine the location of tox and the atB site
in the isolates, we performed a Southern blot analysis with
tox and attB sites probes. BamHI-digested DNA was used
because the tox genes did not contain any BamHI sites. Of
the eight strains tested, only strain 0102 contained two frag-
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ments hybridizing with fox-probe (fox fragment). The other
toxigenic strains had one fox fragment, and, as expected, no
reactive bands were observed in strains ATCC®*51799 and
lion (Fig. 4A). One atB homologous site was present in the
nontoxigenic strains; however, 2 or 3 antB homologous sites
were present in toxigenic strains (Fig. 4B). Southern blotting
was also carried out with a pld-specific probe, which demon-
strated that each strain possessed a single pld copy (Fig. 4C).
The toxigenic strains had one or two bands that reacted with
both the tox and a#zB site probes; however, no pld genes were
colocated with any a#B homologous regions.

The Southern blots indicated that both the tox gene and
atiB site were located together in single BamHI-digested frag-
ments. PCR analysis with the primers attBRv and CU-Rfw
was performed to clarity the relevance of these sequences.
These primers amplified a region of 635 bps in all toxigenic
strains (data not shown). Figure 5 shows the alignment of
regions downstream of the fox and a#B sites of strains 0102,
0-9, 0510, known attB-related sites of C. ulcerans and C.
diphtheriae, and the attP site of corynephage. The regions of
strains 0102 and O-9 were identical to those of strains 0509

$ similarity

20 40 60 80 100 Ribotype PFGE type
i 1 i 1 i I 1 i i tH
0102 B-1
0509 B-2
P2
lion B-2
0607 B-2
Ran c-1
___{ 23
Q=9 c-2
ATCC®51799 A Pl
ATCCT700971 Sankt
Peterburg
0510 D P4

Fig. 3. Dendrogram showing the genetic relationships of C. ulcerans
isolates in Japan. The isolates obtained from animals are underlined.

(A) tox probe
M123 456789 M

(B) attB probe
M1223 45 678 9M

and 0607, and that of strain Ran, respectively. There were
major portions of the attP/attB common core, which was
created by site-specific recombination between the aftP and
attB sites (24), located 83 bps after the tox stop codon. The
regions were more similar to the aztP site than to the aztB-
related site.

DISCUSSION

We described here the first cases of C. ulcerans isolated
from O. orca and P. leo, the utility of ribotyping and PFGE
for epidemiological surveillance, the similarity of fox and pld
sequences between these strains, and the properties of the
corynephage attachment site.

Although person-to-person spread of toxigenic C. ulcerans
was not detected, it is thought that diseased animals were
associated with the C. ulcerans infection of patients in some
cases (12). To clarify the source of the bacterium, epidemio-
logical surveillance is needed. The utility of subtyping of C.
ulcerans has not been investigated in nearly as much detail
as has that of C. diphtheriae. Subtyping methods include
serotyping, phage typing, ribotyping, and PFGE (38-42). We
carried out ribotyping and PFGE using the same protocols as
those used for examination of C. diphtheriae. Interestingly,
the lion strain and certain other clinical isolates (strains 0509
and 0607) shared similar ribotypes and PFGE type patterns.
It is possible that the isolates were genetically homologous.
The data indicated the possibility of the association of some
diseases in animals with C. ulcerans infection in humans in
Japan, which has also been observed in European countries.
Moreover, fox and pld gene sequencing, Southern blot,
ribotyping, and PFGE analyses demonstrated that two of the
isolates from O. orca corresponded to a single strain. This
finding pointed out the possibility of ease of transmission due
to close contact with animals. Strains Ran, O-9, and lion were
isolated from one facility. This finding suggested that there
were both toxigenic and nontoxigenic bacteria present at the
same facility. Because we were unable to use European strains
in this study, there are no definite conclusions regarding dif-
ferences between Japanese and European strains. However,
these isolates in Japan are likely to be characteristic of those
previously observed in Japan based on comparisons with

(C) pld probe
M12345678 9N

Fig. 4. Southern blot analysis of C. ulcerans and C. diphtheriae genomic DNA with DIG-labeled (A) tox, (B) attB sitc, and
(C) pld specific probes. M, DIG-labeled molecular standard marker; lane 1, ATCC#51799; lane 2, 0102; lane 3, Ran; lane 4,
0-9; lane 5, lion; lane 6, 0509; lane 7, 0510; lane 8, 0607; lane 9, C. diphtheriae ATCC 700971. Arrows indicate the bands

that arc the same in fox fragments.
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tox gene stop codon

ChattB o TUTooToommoomoossmsssesee
CUattB I
0102 1681 TGAAAAG'IEP\GTGGGGTCGTGTGCCGGTAAGCCGAACAGGTCCGGAATGG 1730
0-9 1681 TGAAAAGTCAGTGGGGTCGTGTGCCGGTAAGCCGAPEF\GGTCCGGAATGG 1730
0510 1681 TGAAAAGTCAGTGGGGTCGTGTGCCGGTAAGCCGAACAGGTCCGGAATGE 1730
attp L
attBFw
o ———
CDattB 1 AGCATOTGACTACGGATCAG 50
CuattB 1 AGCATqI’I‘GACTACGGATCAG 50
0102 1731 TATTGGAGTAATCCAAGGTAAAAGGCTATTAGCA’I‘L{TGACTACGGATCAG 1780
0-9 1731 TATTGGAGTAATCCAAGGTAAAAGGCTATTAGCATAIGACTACGGATCAG 1780
0510 1731 TATTGGAGTAATCCAAGGTAAAAGGCTATTAGCATQI(I‘GACTACGGATCAG 1780
attPp 1 GGC GT. GGT. CAGHAT TdTGACTACGGATCAG 50
o om ot it - ==
attP/attB common core
CDattB 51 AAGGTTGGGGGTTCGATACCCTCCGGGCGCACANGTTAAA~CCCCAGCTC 99
CUattB 51 AAGGTTGGGGGTTCGATACCCTCCGGGCGCA] GTTAAAACCCCA({L]TC 93
0102 1781 AAGGTTGGGGGTTCGATACCCTCCGGGCGCAG-GGTTAAAACCCCAGETC 1829
0-9 1781 AAGGTTGGGGGTTCGATACCCTCCGGGCGCAG-HGGTTAARACCCCAGCTC 1829
0510 1781 AAGGTTGGGGGTTCGATACCCTCCGGGCGCAQ TAAAACCCCAGCTC 1829
attp 51 AAGGTTGGGGGTTCGATACCCTCCGGGCGCA] 99
CDattB 100 ACAGAATGTGTGGGCTGGGGTTTCTTCGTGCTRGCHGTddS ccﬁccc 151
cuatts 100 ACEFTATGTGTGGGCTGGGGTTTCTTTGTGTGTETGKETTGT_T—QJ 151
0102 1830 ACAGTATGTGTG : 1843
0-9 1830 ACAGTATGTGTGGH ~===mmm—mm———— <+ 1843
0510 1830 AGTATGTGTGGH : 1843
ateP 100 m CTGGGGTTTCTTCATQGCGBGIBLQIBGBCTG 151

attBRvV

Fig. 5. Alignment of the deduced nucleotide sequences of attachment site homologous genes from C. ulcerans strains 0102,
0-9, 0510, C. ulcerans atB-related site, C. diphtheriae attB-related site, and corynephage-gamma DNA for the attP site.

the ribotyping data from UK-derived isolates (7). The den-
drogram derived from the PFGE pattern was same as that
obtained from the ribotype grouping in our study. However,
a larger number of isolates will be needed to determine the
comparative usefulness of molecular epidemiological typing
in C. ulcerans.

The results of the Southern blot analysis revealed that the
tox genes were close to the a#fB sites in these isolates. Strain
0102 was a tandem double tysogen (unstable conformation)
and the other strains were single lysogens. The production of
DT by C. diphtheriae was shown to be proportional to the
number of prophages integrated into its chromosome. The
culture supernatant of strain 0102 had equivalent cytotoxic
activity to that of the single lysogen strains under the condi-
tions used here. We also demonstrated that the attP/attB com-
mon core was located downstream of the tox gene. The present
results suggest that the number of attB sites in C. ulcerans
differs from that in C. diphtheriae; however, the integration
system appears to function in the same manner.

There have been few investigations of the pathogenicity
of PLD production by C. wulcerans. We cannot exclude the
possibility that differences in toxin production may exert an
influence on C. ulcerans infection. Due to PLD production
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and the high level of similarity between pld genes among the
isolates, PLD may be useful as a marker of C. ulcerans (21).
It was moreover noteworthy that the DLT sequences of four
toxigenic strains were identical to that of a German isolate,
A6361 (Table 3). The identity of these DLT sequences sug-
gests that there is a high degree of conservation in DLT. We
are currently investigating differences in the immunological
and cytotoxic activities of DLT and DT.
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Afebrile pneumonia is a relatively unusual disease and may
be caused by certain pathogens such as Chlamydia trachomatis,
Ureaplasma urealvticum, respiratory syncytial virus, and
Pneumocystis jirovecii (1,2). However, the specific causative
agents of afebrile pneumonia have not yet been fully identi-
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fied to date. Non-toxigenic Corynebacterium diphtheriae and
toxigenic C. diphtheriae are partly responsible for respiratory
infections including pneumonia, although the incidence of
these infections may be very low (3,4). Here, we describe
a case of afebrile pneumonia caused by non-toxigenic C.
diphtheriae. :

A 60-year-old Japanese female had been diagnosed with
amyotrophic lateral sclerosis (ALS) at the age of 47 years.
Two years after onset, she underwent tracheotomy and was
provided with a mechanical ventilator. Aside from an occa-
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