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COMPARISON OF PHAGE SUSCEPTIBILITY OF MYCOBACTERIUM
TUBERCULOSIS ISOLATED FROM PATIENTS IN
JAPAN, NETHERLAND AND CEYLON*

Yasuo MIZUGUCHI, Yoneo MARUYAMA, Kiyoko SUGA nnd Toyoho MUROHASHI

(Received for publication February 19, 1973)

An investigation of the distribution of bacteriophage susceptibilities was carried out by
using 99 strains of M. tuberculosis isolated from patients with pulmonary tuberculosis in
Japan, 99 strains obtained from Netherland and 54 strains obtained from Ceylon,

Phage susceptibilities were tested by spotting phage suspensions of routine test dilution
(RTD) and 10 x RTD on the lawn of mycobacteria. The name of the phages employed and
the number of plaque forming unit being contained in RTD of each phage were shown in
Table 1.

All of the 11 mycobacteriophages (DS6A, AG1, BK1, BG1, GS4E, PH, Clark, Legendre,
Sedge, DNA 1118, and D34) were employed in the case of Japanese and Netherland strains.
The results obtained were as follows (Table 2): All strains except 3 were susceptible to
DS6A and AGI1. These 3 exceptional strains were resistant to all phages even by the
spotting of 10 x RTD. Number of strains susceptible to D34 was 4 in Japanese strains and
2 in Netherland strains. Susceptibility of Netherland strains to the remaining 8 phages were
generally higher than that of Japanese strains (Table 3). For instance, the number of strains
susceptible to all phages except D34 by RTD was 18 in Japanese strains and 34 in
Netherland strains. Forty one Japanese strains-and 11 Netherland strains were susceptible
only to DS6A and AG1 by RTD. However, when 10 x RTD phage suspensions were
employed for spotting, most of them showed susceptibility to one or more phages in
addition to DS6A and AGL. Especially, in the case of BK1 and BG1, marked differences in
the number of strains lysed by 10 x RTD and by RTD were noted (Table 3). In this case, a
possibility of nonspecific growth inhibition by concentrated phage particles was excluded,
since the number of plaque forming units being contained in one drop of 10 x RTD ranged
from about 10% to 5 x 10*. Therefore, this phenomenon indicates that there are many
strains which show intermediate susceptibility against these phages.

* From the Department of Tuberculosis, National Institute of Health, Kamiosaki, Shinaga-
waku, Tokyo 141 Japan.
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Phage susceptibility patterns of the 54 Ceylon strains against DS6A, BK1, PH and D34
were shown in Table 4. In general, they were more susceptible to those phages than
Japanese and Netherland strains: 87% were BK1 sensitive, 68% were PH sensitive, and 8%
were D34 sensitive by the spotting of RTD.

Distribution of bacteriophage types of these strains was compared using the scheme
proposed by Bates and Fitzhugh. The distribution of Type A, B and C in Japan and in
Netherland was almost the same. On the contrary, significant difference was observed
between Japanese and Ceylon strains in the distribution of phage types (Table 5).

+  Based on the results obtained, we thought that the following conditions should be taken
into account in the selection of a typing phage set of M. tuberculosis: (1) select the phages

) which render a clear cut, easily detectable lysis; (2) select the phages which lyse similar
number of strains by the use of both 10 x RTD and RTD; (3) select the phages which do
not lyse too many strains: i. e. those which lyse approximately 10 to 20% of strains are
preferable; (4) select the phages the lytic pattern of which overlap each other as little as
possible; (5) select the phages so as to make the distribution of strains of certain phage
types evenly and minimize the number of untypable strains.

It was found that the mycobacteriophages employed in this study do not necessarily
satisfy the above mentioned conditions, although it was possible to subdivide M.
tuberculosis strains to a certain extent.
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Table 1. Mpycobacteriophages Employed

Phage Host strain RTD conc. /ml Isolated by
DS6 A M. tuberculosis HaRv 6 X10* W. B. Redmond
GS4 E " 2 X10° n
DNA III8 " 1 X10* E. Mankiewicz
PH " 7 X108 K. Sushida
AG 1 M. kansasii AT 7 1 Xx10° W. B. Redmond
BG 1 M. sp. MC 153 1 x10° ”
D 34 M. sp. F 130 3 X 10* S. Froman
BK 1 M. smegmatis ATCC 607 1 X10* I. Baess
Clark " 3 X10° E. Mankiewicz
Legendre " 3 X10° Y
Sedge n 4 X10° ”
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B, K, TEFEI XO° routine test dilution (RTD)
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Lytic Patterns of Tubercle Bacilli Isolated in Japan and in

Mather'and by the RTD Spot Methed

Phage No. of strains
DS6A AGI BKI BGI PH GS4E Clark Sedge Lgf:"' 1?11\113 D34 | Japan| Netherland
+ + + o+ o+ 4+ 4+ o+ o+ o+ = 18 34
i E i
+ 4+ + = = - 4+ + o+ o+ o+ 1
+ + o+ = 4+ + - = 4+ o+ 1
+ o+ o+ - - - - - = +]1
A s o DU S SO 3
T S e e e T
+ 4+ o+ o+ o+ - - -+ - 1
+ + o+ o+ o+ A+ = = = = = 1
+ 4+ + F+ = = = = = = = 2 1
+ + 4+ -+ = = = = = = 1
I i S S B — 1
+ + o+ - - 4+ = = = = = 1
+ o+ = =+ = = - - 1
+ + = = =+ = = = = = 1
+ o+ o+ - o+ -+ o+ o+ o+ = 2
+ + - + + - + 4+ 4+ o+ = 1
e T S s T 2
+ + - - - = + + 4+ o+ =] 2| 15
T T S R N 1 2
+ + - = = = o+ o+ = 4 = 2
I T S S 4
+ + = 4+ - = o+ -+ = = 1
+ + + - - - + - - 4+ - 1
+ + - = = - + = = o+ =1 1
+ + - + o+ -+ = = = = 2
+ o+ -+ - =+ = = = = 1
+ + = - 4 = 4+ = = = = 1
+ + = = =+ 4 = = = = 2
+ + - - - - + = - = —| 4| 1
+ + o+ + = = =+ o+ = - 1
+ o+ o+ = = = - - - = — 12
+ + - o+ = = - = = = = 4 1
LT T T T T ToTomM
s A ST 17
Totals 99 99
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SV RERLY —F v~ FORPGEH E LTED
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Table 3.
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AGl O 7 7 — DL BRI 2 R RWT,  Fiod
TV RERRE VRREAMI T N CORZSEERT L, Lbd
BHEOBERLTOR A ENTBEERNTRICENS D
ThBZ Ermbhi, —F D34 I EZikwRTEX
W BARTCIL 48k, AT VAT 2D & T Ho
7o FRUSD 7 7> -0 RTD BEDOARy MITH L
Tk BK1 BT HAME F 7 v AR CREZ MO 57
CRELENBE DN, T7bbE 3 EB VT RTD &
OB SR Y T 5 &, fok 21E Clark 7
7 —PIBWTE, HAKRTIE 30 FRaVEZERITIC
TEDTeA T VIR 84 BEREZ T h b,
DNA III 8 yosh LTk HAKRIK 25 Bk, #+ 7 v X #RIL 59
BV ERENEZMETH B E, & s LTHARCH
LA F vEHDIZ 5, REZEOEHRE NS00,
2R LIL R Z— Vb, HEHREEEZ VW OhD 7
=R TIELDD L, OBILRNDS X 5
FLLBE TRV, £D 5% D34 #ER X T
D7 7~ DCEZWERTHEL, ZhikloDx47L
LTCEEDTELHZENTRETHD L 5B 2,
CDxATRBTHEIAD 7 >~ 0 RTD BED
ARy MCIIEHRLEEY TR T B R ZH 0o b O T,
HyRa, HgRv 137 7~V 24 7L L UL DN~
BT %, 7o¥ Bates 5% o4p8ic kb Type B g
TAHEDOKEFELE DTN —~FIRADEDE RIS,
F o AR S5 f, TR 414ED R 35 fhifo D 24 7
BT 5L D40 (19 11%), W 46 E5HROS
Lk 64 BRep 14 1 (89 22%) Thot, R D34 7
7 = SRBET N~ TR Do O N—T BT DHE
HABTI AR, AT VXTI 2ERTHBR, OB
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Number of Strains Lysed by 10X RTD and RTD Spot Method

Phage

DS6A AG1 BK1 BG1

GS4E PH Clark Sedge Legendre

DNAIII8 D34

Japanese | 10XRTD| 97 97 8 66 27 25 32 26 26 28 5
strain RTD 97 97 41 28 25 25 30 22 22 25 4
Dutch 10XRTD | 98 98 61 70 46 46 93 71 64 67 3
strain RTD 98 98 40 44 36 40 84 64 59 59 2
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Table 4. Lytic Patterns of Tubercle Table 5. Distribution of Bacteriophage Types* of Tubercle Bacilli
Bacilli Isolated in Ceylon Isolated from Patients in Japan, Netherland and Ceylon
Phage . Phage No. of strains
No. of strains Type
DS6A BK1 PH D34 DS6A BK1 D34 Japan Netherland Ceylon
+ + + — 33 A + _ _ 55 57 6
+ o+ - = 1 (55.6%) | (57.5%) |(11.1%)
S 1 B |4+ 4+ _ | 38 39 44
+ + +  F (38.4%) | (39.3%) |(81.4%)
+ — — + 1
+ - - - 5 C + + + 3 1 3
Total 54
Others :*: B f ; % L
TDVWTIEED S R — Vink g 4 o - 0
DD KA FICE L DIDIILE bICHE Total 9 99 54
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2D T v+ TR DB LR LD K o
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I 4w vED7 sy —ORSH:

4w VEROKIZBEL T, M ED 7»—Y0D)
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FAWRR LIS, L LTIhbD 7 » - DT 5
FEZMHEDOE DN L, DS6A 13HlL LT, BK1 ¥
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% According to the scheme of J. H. Bates and J. K. Fitzhugh?’

L8 —7 > —VHEDLDEHANT XL VI T
HTCWB, NHEDZA VIR EBWTEFD LS5 7 >
—~VRGDHENFETHDLDENLHEN D 5 oD,
GS4E 75— AWTID7 7 — VI L &0
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BRACVIS T =D L LTHWS DI H FDEERS
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7o —URROHT L, BEE LV, 7 (1) O
ThHH, REDOETHN L 5 BB TIL 2327
FYTRBWCERBEIET 7~ ZACVYIRIEHAL S
LMW EEL DR BDT, yAEXRTILED
PEDL S 1D 7 7 —OhbHFE LAV S 7
=Ty FERDBHOTILIRL, B o@D 7 7
—~OFRAWTDOXAE VT LW RTHE L TED 5 UE
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BIFDRDR, D5 BHl4 FLEFEE O S H A
—X=F 9y FLTEY, EETIL GS4E (F 721z BK
1) & D34 75— D3 2 EZ MO TR R Tk
Bates 5%, JLEDY OFELHEVEDRWL DI
Bo I LEDHERHED 7 v — P24 7% HK 2 HD
L& Wnd (2) OFRERHR I, 2D X 51 Key
phage & U CHlUI7ed O\ WEEE, ERSGEY AT
FTES5ebDE 2~3 BATE—-KOHEI%T\, b
WCHID 7 7 — D3 5 RE M X > THIBI R 1T 5 &\
5 2BEDHRN I VI S icBbhs, FOREE—K,
BIRDT 7 =P L LTRIEERLENE NEDOWTLLi
Bk 27 7 — DREEWSHOE NS EBIC AR S HBHE
BB, TOEBEFNYET S, BENLETOx 4 Y
777 —Yry MCXBABEREORL, SHBE
HFD7 7 =P LIBERY R T2H LT » — D045
BES R THIDCHIREIR 7 % X 51 Bhh %,

ek, HEAKO—HeONT 7 7 — DRZM: L FEHI
PEDBIRE TR L DR D It T 2 b DRI Ed
LD b0t

B

& =

HAE, #7vx, 24 v Y HEROEEED 11 o7

225

7 = VT B EE MR LR, il oty
HEShDREBED 7 7 — VREZMOSHiH Rle B & LAt
%ﬂ bhice

ABFERTT S By, FEAREER D) EEL
CEBDOEKROUE Y, HRLFEROATHF 2t
W PH 7 7 —P055%, %o SEESERELL D
BADYE R\ Wic, BLUTRHOBEEET 5,

X [

1) 8 : BodtERE, 8: 126, 1964.

2) Bates, J.H. and Fitzhugh, J. K. : Amer. Rev.
Resp. Dis., 96 : 7, 1967.

3) Bates, J.H. and Mitchson, D. A. : Amer. Rev.
Resp. Dis., 100 : 189, 1969.

4) Baess, I. : Acta Path. Microbiol. Scand., 76:
464, 1969.

5) Tokunaga, T., Maruyama, Y. and Murohashi,
T. : Amer. Rev. Resp. Dis., 97 : 464, 1967.

6) CALIFEEE : #k%, 48:9, 1973

7) Redmond, W.B. and Ward, D. M. : Bull. Wld.
Hith. Org., 35 :563, 1966.

8) Sushida, K. and Hirano, N. : Amer. Rev. Resp.
Dis., 106 : 269, 1971.

9) Tokunaga, T., Mizuguchi, Y. and Murohashi,
T. : Amer. Rev. Resp. Dis., 89, 926, 1964.



