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Fig. 1. Relationship between the Viable

Number of Tubercle Bacilli and the
Gaffky Number of Sputum
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Table 1. Relationship Between the Viable
Number of Tubercle Baccilli per ml of
Sputum and the Gaffky Number

Viable
Number of R
Tubercle Ba-

Number of cases

Gaffky Number }

cilli per ml | Total
of Sputum 0 I T MV V V¥ W W X |
107—9.9x 107 | 110 5 6 56 1, 34
105—9.9%10° 9 4 13 30 42 32 31 24 17 202
105—9.9%105 17 820393533 8 8 3 | 171
104-9.9x10¢ 5 1 5 2 1 1 1 16
10—9.9x10° 16 618 6 3 } 49
102—9.9x102 20 1 5 1 1 | 28
Total | 67 20 6179 9171 46 37 27 1| 500
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Lo bhbhOFETHREL 5 D RAMER, 5l b
HEIEHR 150 F TH & quy, 150x103+2=1.5%x107 & C,
IIBHDZEL 200 F TLDTH2.0x10F TTH B
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BT LRI BRETH D, Lich>T Gaffky 5%
Av5 actual count DDDOFHREZXEIHHTZ & Hix
IR RETHD LD TRITE DL T/NID
A ko actual count 3, Gaffky SEC X h HR
Eahib eI\ LBRRTWHEDIRERS—E LI\,
bhbhd—E Gaffky BE»OHFREXRD D TR
Butcz EMRHBMY, BTERICEH DD TEIELI,
F1RIUR LIIEERGEOFIX EHELALLDT
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BRIZT5, bhbhOBETHER SH 5 0% Gaffky 0
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(a) Gaffky B OHBECIILBEDO—HDOZ LKL
722 R IV (b)) BHCIXIENERAEE (Ziehl-Ne-
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5B EDX 3T Ebhb, T ORFEMEIEFIREN DO
RO Z I TEAIR L A TH Do
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bhbhOHETE LY H 10~150 #7ED “actual
count” {835 EK, TihbbERKEEOMITRLIEL2 D
ZELTHB,
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Table 2. Rate of Success in Actual Count
of Viable Tubercle Bacilli in Sputum

Rate of “ actual count” cases

No. of Cases per the total cases

| Cases, in which 10 to
. ’ . 25/4
433 Gaffky-posi-| 150 colonies per me- ?92./0%/3)

tive cases in dium were obtained ‘

1955~1962 !

taken at Ran- Cases, in which 5 toJ

dom | 150 colonies per me- ;gg/g?)
dium were obtained | ‘7" °7°

! Cases, in which 10 to 230/238*

238 Culture-posi-| 150 colonies per me- 5
tive cases in dium were obtained (96.8%)

1955~1956 "

taken at Ran-| Cases, in which 5 to *

dom | 150 colonies per me- %gg/ %%/8)
M (4

dium were obtained

Cases, in which 10 to 489/500

500 Culture-posi- 150 colonies per me- A
tive cases in dium were obtained (97.8%)

1958~1962 c "

taken at Ran-| Cases, in which 5 to

dom 150 colonies per me- ?gg/ 22/0)
. (4

dium were obtained

* Four among eight failure cases were those showing
colony numbers ranging from 151 to 180 per medium.
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KIUE1OFT, Gaffky0 BEod 0%l L 4334
Leh, To5HLTARIIFIE 1ml 240 ABEEH 9 x 102
LIF (B34 b B O LLT) Dk 8 T, BThERIX
(433~8) +433=98% L%,

DX S5TbhbhbhDFEDIZS M, Gaffky FH%
HEBRETHPNOLOFEL L BRIENEGE BRI
EET,

(3) WA & SRR DBk

B THEETHERLCEA, 0HEERCo R T

EH $338E ESE
CEBERC b 1I0 A THLELD L LIXETHRT
B5 5t LEMBEEOETEEHN 5 AT/ &, BD
43#5iE Poisson SAAICE T b 110l bignZ &
NHH 55, Livl, 0FEFRCOVCTERMEAROE
B oTHELhD “HEBE b /10 Kb EEXS
DIXBEYIThH Do EBECIZKRDL 5D Ehi%,
1027 % B4 L C 100 ER X BB AL, 07 REEE
T5 L5 OBEBEEL SVOENREDLR, /10D
10 % Lz bisv, COFREELT, FRA®iX PAS
HEECOWTOREND, BEEOEREZMES LXK
BEOEFLEEMENRI D LxEXLI, BET
T, EEEREOE@ML LTI, BUEKRYERETSE
SMEKEVERZRT EEX bR D, Lichi>Thnt
LYUhDEZENSLUTOZ L EB/IRILHIVNED,
B ) EEEP VR CERELHEOERL L)
BIWEBbh3 (7 LBET TILER ES0EEKICT
Wl DT &),
FhTRERC 0 EFRTR SEFHORP X L
DL BULhEWS L, RIDZELFEH /408 L
Table 3. Ratio of Colony Number in
a Given Dilution of Sputum Fluid

Against the Colony Number
in Its Ten-fold Dilution

Colony number l
per medium | Average of ratio
! Ratio in twenty cases
Original 1;?]—:&13“ l taken at random
12 2 6.0
93 21 4.4
57 29 2.0
72 25 2.9
25 24 1.0
101 23 4.4 3.84£1.73*
76 34 2.2
60 10 6.0
30 11 3.0
40 20 2.0
84 33 2.5
50 14 3.6
70 22 3.2
12 2 6.0
126 60 2.1
88 39 2.3
41 8 5.1
58 8 7.3
90 19 4.7
90 20 4.5

* The ratio estimated is much less than the ratio ex-
pected (=10).
This is considered to be due to confluence of colo-
nies and clumping of bacilli in a concentrated cell
suspension.

ho BMETHIL, 0SB GEREZEFELTLEOR
HEEBUL 10 ke 53, 3.8(&1INT Bic+ ¥
WS ETHB,

UEDHERMS, FHRECTIEUTEERL 10501
KBUTOL LELBDRBYITHHE LB HNTH
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Enumeration of Viable Tubercle Bacilli in Spu-
tum by Spiral Loop Inoculation

Enumeration of viable tubercle bacilli in sputum
is thought to be important as basis of determination
of viable tubercle bacilli excreted in sputa per day,
determination of viable numbers of tubercle bacilli
per ml of sputum, and of quantitative expression of
content of drug-resistant bacilli, which are useful
for clinical purposes. Recently, Ogawa and Ootani
(Kekkaku, 37 : 577~581, 1962) reported on the me-
thod of enumeration of viable tubercle bacilli in
sputum, by which was obtained successful actual
count at a rate of 78 per cent of the test cases.
They employed three different dilutions of sputum
fluid, such as 10-2, 10-% and 10~* (a continuous
The degree of dilu-

tion was determined according to the Gaffky number

series), and pipette inoculation.

of smears stained by the Ziehl-Neelsen method. On
the other hand, the present authors had reported
an improved method of enumeration of viable num-
bers of tubercle bacilli occurring in sputa (Tsuka-
mura, M.: Medicine & Biology, 49 : 87~90, 1958;
Kekkaku, 34 : 625~633,
This method proved to be successful for

Tsukamura, M. et al. :
1959).
determination of viable numbers at a rate as high
as 98 per cent.
Method

Sputa expectorated during 24 hours was added
with one volume of 5 per cent of potassium hydro-
xide solution and homogenized by vigorous shaking
or pumping. The resulted sputum fluid was dilu-
ted with saline to make up 100-dilution and 1000-
dilution. Each one-fiftieth ml sample of these dilu-
tions (10°, 10-2 and 10-3) was inoculated with a spi-
ral loop delivering 0.02ml to egg medium (Ogawa
egg medium or modified Léwenstein medium). Count
was made after 6 weeks of incubation and the dilu-
tion, on which the number of colonies nearest to
fifty was counted, was used as the basis of calcu-

lation.

Results

(1) Rate of success in enumeration.

Rate of success in ‘‘actual count”’, i.e., in obtain-
ing colony numbers ranging from 10 to 150 per
medium on anyone of three dilutions (10°, 10-2 and:
10-3) was 98 per cent. This rate was much higher
than the rate obtained by Ogawa and Ootani, which
remained 78 per cent. Origin of this success was:
thought to be due to the use of the dilution series:
of 10° 10-2 and 10-3 as well as the use of a spiral loop-
inoculation, which had proved to be superior to.
pipette inoculation for the purpose of colony count.
(Tsukamura, M.: Kekkaku, 35, 397~399, 1960)..
(Table 2)

(2) Relationship between the Gaffky number and'
the viable number of tubercle bacilli in one ml of
sputum.

Correlation of the Gaffky number with the viable-
number per ml of sputum was never close. Sputa.
showing the same number of Gaffky degrees exhibited:
a wide variation in the viable number (Fig. 1 and:
Table 1).

as presented by Ogawa and Ootani appeared to be-

Accordingly, such method of enumeration.

never highly successful.

There were a considerable number of Gaffky--
negative sputa, which contained more than 10° via--
ble numbers per ml of sputum. This finding sug--
gests that there are a considerable number of viable-
tubercle bacilli remaining unstained by the Ziehl--
Neelsen method.

(3) Relationship between the number of dilution.
and the colony number obtainable.

It was found that the number of dilution was:
never proportional to the decrease in colony number
obtained by the dilution, though this was noted by"
the senior author previously (Tsukamura, M.: Medi--
cine & Biology, 38 : 11~14, 1956). A ten-fold dilu--
tion of sputum resulted never one-tenth of colony-
numbers but resulted only one-fourth of colony-

numbers (Table 3). This less decrease in colony-
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numbers, in other words, less colony count by use
of a higher concentration of sputum fluid is con-
sidered to be due to clumping of tubercle bacilli
in high concentrations and or due to confluence of

colonies that takes place when many viable bacilli
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were inoculated to a limited dimension of medium
surface.  Therefore, it is desired to utilize data
obtained by inoculation of highly diluted sputum
fluid as the basis of calculation, unless it is too little

as below as less than five per medium.



