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Table 1 A mixture model of distributions of
tuberculin skin test (TST)

D;~ Normal (ui, t)

T:~ Categorical (P),T;=1,2
A1~ Normal (0, 0.01%)
A=At+6,6>0

ML= AT

7~ Gamma (0.001, 0.001)

o =1/\z

D: Diameter of erythema
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Table 2 The Wells-Riley mathematical model
C=S5(1—exp™ D)

C=Number of new infections

§ =Number of susceptible people

I'=Number of source cases

g =Number of infectious doses generated per hour (quanta/hour)
p =Pulmonary ventilation rate (//hour)

t =Duration of exposure to infection (hour)

Q=Room ventilation rate (//hour)
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Table 3 Results of the TST

Distribution of erythema
<50mm <60mm <70mm <80 mm

<40 mm

<30 mm

Diameter of erythema
(Mean=*S.D.)
28.9+12.6

After a first TST No. of subjects Exposure time
{min.)

Subgroup

Group

990
1980
1980

15
12

Class 1

10

189+ 11.0
254+ 112
189+9.1
185+85
219+5.4
312+ 18.1
253+79
3174219
278+ 149
202+54

= 2yrs

Class 2

Class 3

17

90
120
540
4840
5580

unknown

19

Class 4

Class 5

Close contacts

17

18

18

> 2yrs

Class 6

Class 7

10

Class 8

Teaching staff

12
0

38
12

60
12

= 2yrs
> 2yrs

Less close contacts
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Fig. 1 Histogram of the diameter of erythema in the TST

Table 4 Results of a mixture model analysis

1) All cases

Average (mm) 95% C.I. Probability 95% C.L

A 22.4 20.9-23.9 091  0.86-0.96
A2 58.5 52.1-65.3 0.09  0.04-0.14
o 9.0 8.1-10.2

2) Close contacts

Average (mm) 95% C.I. Probability 95% C.L

Al 22.0 20.2-23.8 092  0.85-0.97
Az 59.1 50.7-66.8 0.08  0.03-0.15
o 8.7 7.6-10.2

3) A second TST administered within 2 years after adminis-
tration of a first TST (booster phenomenon)

Average (mm) 95% C.I. Probability 95% C.L

Ay 23.3 20.8-26.0 089  0.79-0.96
Az 56.6 47.0-68.9 0.11  0.04-0.21
g 10.0 8.4-12.1

A:: Diameter of erythema (mm)
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Diameter of erythema
(mm)

401

301

201

KT #80% %65 200556 A

Mean=*95%C.1.

10 T
=lyr

=2yrs >2 yrs

After administration of a first TST

Fig. 2 Result of the booster phenomenon

F-statistics 1.49 (p = 0.23)
Levene statistics 2.84 (p = 0.07)

Table 5 Sample size calculation for three groups of the
booster phenomenon

A 4.860 + 3.584/k—1

n= i
2
T g

Level . k=3

a =0.05

1— =080

go=1

Mean Range: d = 0.6 (Z-value)

=552

Table 6 Results of a logit analysis

logit p @) = a + Blog @)
oL p

logit p: log -

d: Diameter of erythema

Close contacts

a=—6.71(5.D. 4.65), B =1.72(S.D.1.22)
Less close contacts

a=—146(5.D.8.62), p=—0.05(5.D.2.22)

The data was calculated by the report between the positive
rate using QFT and diameter of erythema.

Using the Bayesian analysis of complex statistical models by Markov
chain Monte Carlo techniques
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Fig. 3 The estimates of TB infection rate

Nonparametric Jack-knife method was used for calculation.

Table 7 The estimates of TB infection using two analyses

Group Mixture model analysis

Logit analysis

Diameter of erythema

Over 40 mm Over 30 mm
Class 1 2(2) 2.3 2 6
Class 2 1(0) 0.7 1 2
Class 3 1(1) 0.8 1 2
Class 4 0 0.7 0 2
Class 5 0 0 0 0
Class 6 0 0.3 0 1
Class 7 3 3.8 3 9
Class 8 0 0.7 0 2
Teaching staff 2 1.1 2 2
Total 9 10.4 9 26

( ): An analysis of booster phenomenon groups by a mixture model
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Original Article

THE TRANSMISSION OF TUBERCULOSIS IN A CRAM SCHOOL

Hirotoshi WATASE

Abstract [Purpose] The specificity of the tuberculin skin
test (TST) is influenced by the previous BCG vaccination dur-
ing childhood in Japan. The QuantiFERON (QFT) is expected
to detect latent infection among tuberculosis contacts, how-
ever, its use is still limited. We report a case of TB outbreak
that caused by a private lesson teacher. His sputum was found
to be acidfast bacillus-positive (Gaffky 4) by smears examina-
tion. We evaluated the risk factors of TB infection using TST
among contacts.

[Material and method] A total of 184 persons were exam-
ined by a TST. These results were used to estimate the rate of
TB infection by a mixture model. Logit analysis was also per-
formed to estimate the number of infected person by using
the relation between the positive rate of QFT and the size of
erythema using a past report. We applied the Wells-Riley
mathematical model of airborne transmission to calculate the
risk of infection.

[Result] As compared with persons who had less contact

with the index TB case, the estimated rate of TB infection was
higher among person who had close contact during the month
before the index case started medical treatment (5% vs 23%).
According to the model, the case added 1.1-4.0 quanta per
hour (gph) to the room during a month before starting the
treatment.

[Conclusion] These results suggest the importance of an
early diagnosis of the index case to prevent TB infection.

Key words : Tuberculosis, Tuberculin skin test, Contacts
examination, Airborne infection model
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