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THE DIFFERENCE OF TUBERCULOSIS SITUATION AND THAT OF ACHIEVEMENT
OF CONTROL PROGRAMME BY AREA, AND THE MEANS OF ITS SOLUTION

Chairman : Masakazu AOKI *

Symposists ;

1. Difference of tuberculosis incidence by area among employees, and the means of its
solution : Kenichi MOTOOKA, University of Fukuoka, Faculty of Medicine.

2. Analysis of the difference of tuberculosis by area in Osaka Prefecture : Shizuo
OKADA, Osaka Prefectural Branch, J. A. T. A.

3. Change in the difference of tuberculosis mortality by area and its factorial analysis :
Masako OHMORI, Research Institute of Tuberculosis, J. A. T. A.

4, Difference in tuberculosis and achievement of control measures by area : Tsuyoshi
KINJYO, Department of Health and Environment, Okinawa Prefecture.

Advisor ; How to think the difference of tuberculosis by area ? : Toru MORI, Research
Institute of Tuberculosis, J. A. T. A.

(Received for publication August 25, 1986)

Although tuberculosis is decreasing smoothly by year as a whole, tuberculosis
situation is not homogeneous, but different by area in Japan. The incidence of
tuberculosis is higher in the Western Japan than Eastern Japan. For example, the incidence
of tuberculosis in Kagawa Prefecture was around 3 times higher than that of Nagano
Prefecture in 1984, In other words, Kagawa Prefecture was around 15 years behind Nagano
Prefecture in tuberculosis epidemic.

All the symposists came to the agreement that one of the main causes of the
difference of tuberculosis situation by area was the difference of the wave of the tuberculosis
epidemic by area. Actually, the peak of tuberculosis was observed in 1920s in the eastern
part of Japan, and in 1940s in the western part opf Japan, and the percentage of the persons
who have healed and/or inactive findings on chest X—ray films was higher in the persons
living in the west than in the east,and finally,the difference of the incidence of tuberculosis
by area was observed very clearly among people aged 50 years or more who had been
infected with tubercle bacilli in early 1950s or before.

* From the Research Institute of Tuberculosis, J. A. T. A.,Kiyose—shi, Tokyo 204 Japan.
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The other cause of the difference of tuberculosis incidence by area is the difference of
the constitution of age groups by area. The percentage of the people 60 years of age or
more was higher in the western part of Japan than that of the eastern part, whose incidence
of tuberculosis is high at present.

Socio—economic factors may influence the tuberculosis situation of the area, but,
it was not possible to reveal its influence quantitatively.

It was considered that the fourth factor which influence tuberculosis situation of the
For

example, the degree of the spread of triple drugs combination therapy with SM, INH and

area is the quality and the quantity of tuberculosis control programme in the area.

PAS was inversely proportional to the later incidence of tuberculosis by area in 1960s.
However, it was not possible to show the direct relationship between the achievement of
control programme and tuberculosis incidence at the Prefectural level therafter.

The quality of tuberculosis control measures is different from area to area. For
example, average duration of chemotherapy for new cases was 13.3 months in Okinawa
The rate
of hospitalization of the patients was lower, and average duration of hospitalization was

Prefecture, whereas that of the whole country was as long as 23.9 months in 1982.

shorter in Okinawa than the national average.As a result, it was revealed that the estinated
medical expense for one tuberculosis patient was 1,788,000 yen on an average in Okinawa
and was 3,443,000 yen on an average in the whole country. It was concluded that the
solution of the difference of the quality and the quantity of the control measures gives
direct benefit not only for economy of medical expense, but also for patients themselves.
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MECHANISMS OF GRANULOMATOUS INFLAMMATION IN TUBERCULOSIS

Takeshi YOSHIDA *
(Received for publication August 29, 1986)-

Granuloma formation is the expression of a series of complex inflammatory event.
This can be classified into two types, hypersensitivity type and foreign body type, according
to the underlying mechanisms. In order to analyze the mechanism involved in granuloma
formation in tuberculosis, we have performed a series of experiments using an artificial
granuloma model in mice with the use of agarose beads. Hypersensitivity granulomas were
induced by injecting immune mice with antigen—coated agarose beads (antigen : e. g., M—
BSA, methylated bovine serum albumin). Foreign body granulomas were induced either by
injecting intratracheally plain agarose beads into adjuvant-injected mice or plain dextran
beads (Sephadex 25) into normal mice. In the hypersensitivity granuloma model,
lymphokine activities including MIF, MCF and macrophage fusion factor have been
recovered from granuloma extracts. In addition, IL 1 but not IL 2 was found abundant
during the granuloma formation. Furthermore, lymphokine coupled to agarose beads could
induce, in an accelerated manner, pulmonary granulomas when injected intravenously or
intratracheally. These results clearly establish that lymphokines are responsible for the
induction of hypersensitivity granulomas. Interestingly, paradoxical cutaneous anergy was
observed during the granuloma formation. Such selective suppression of cell-mediated
immunity is considered partly due to lymphokines which entered the general circulation
from the lung lesions, since the circulating lymphokines have been shown instrumental to
cause cutaneous anergy in the desensitization of delayed type hypersensitivity. In addition
the suppression may be also due to impaired antigen—induced IL 2 production caused by
suppressor cells.

In the foreign body granuloma formation, cytokines including MIF and IL 1 were
recovered from the lesions. Cutaneous anergy was also observed during the granuloma
formation. The enhanced granuloma formation in nude mice suggested that granulomatous
inflammation induced by a non—immunological mean was regulated by T lymphocytes,
indicating a close association between immunologically competent cells and non—specific
inflammatory event.

Mechanism of granuloma formation in tuberculosis was investigated by the use of BCG

*From the Banyu Development Research Laboratories, and Department of Pathology

University of Connecticut Health Center.
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—induced pulmonary granulomas in mice. The results suggested that both immunological
(hypersensitivity type) and non—immunological (foreign body type) mechanisms were
involved in granuloma formation in tuberculosis. Thus, found was a close association of
lymphokine activities as well as IL 1 with the development of tuberculous granulomas.
Such tuberculous animals showed cutaneous anergy, probably due to the lymphokine—
dependent feedback mechanism as revealed by the analysis of the hypersensitivity granuloma
model. Agarose beads coated by muramyl dipeptides (MDP) from tubercle bacilli could
induce the enhanced foreign body type granulomas without specific immunological reactions
in normal mice. Various chemical substances present in tubercle bacilli including MDP and
trehalose—dimycolate may play an important role to enhance the granuloma formation in
tuberculosis through non—immunological and primary activation of mononuclear leukocytes.

Further studies, therefore, using artificial hypersensitivity type and foreign body type

granuloma models, are warranted to analyze the detailed mechanism of activation process
of mononuclear cells in vivo to eventually understand the process of granulomatous inflamma-

HelLE BN S

tion in tuberculosis.

Key words : Granuloma, Granulomatous
inflammation, Hypersensitivity granuloma,
Foreign body type granuloma, Lympho-

kines, Cytokines, Interleukins, Anergy
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Fig. 1. Hypersensitivity and foreign bod
(Quoted from Ref. No. 3).
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Fig. 22 Time course of granuloma formation
induced by antigen— coated agarose beads
(Controls shown with dotted lines, quoted from

Ref. No.3).
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Fig. 4. Time course of IL 1 activity in granuloma
extract (Ref Fig. 2 and Fig. 3, quoted from Ref.

No. 3).
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Table 1. Impaired Antigen—Stimulated IL 2 Production by Lymph Node Cells from
Granuloma—Bearing Mice (Quoted from Ref. No. 7)

Lymph node cell IL 2 activity (cpm £SEM)P
culture supernatant?
from mice injected MBSA Con A
with x1/4 x1/8 x1/4 x1/8
Plain beads, day 3 4973 + 260° 2,701 + 374°¢ 18,139 £1,203 16,212 +1,055
(608 = 119) (1,369 + 259) 301+ 12) (465 + 151)
MBSA beads, day 3 3564 + 248¢ 1,432 +£ 104 ¢ | 18,407 =1,207 16925 £ 712
(559 61) (1,083 + 197) (331 £ 75) (595 = 146)
Saline, day 3 10,623 £ 752 5911 + 413 18,014 + 774 17,587 + 1,059
(807 £ 144) (708 + 60) (464 £+ 7D (714 £ 73)

&Lymph node cells (5 X 108 cells/ml)were incubated for 24 hr in the presence

or ab-

sence of MBSA (50 ug/ml) or Con A (5 ug/ml). Numbers in parentheses areIL 2 activity
in the absence of MBSA or Con A reconstituted at termination of cultures

bIL, 2 activity was assayed by IL 2—dependent cytotoxic T lymphocyte proliferation.
Culture supernatants were measured at 1/4—and 1/8—fold dilutions.IL 2 activity of Con
A —stimulated cultures at additional dilutions (X 1/16 to 1/32, and more in some experi-
ments) showed no significant difference among these three groups. The data represent
mean cpm +SEM compiled from four separate experiments of four mice per each condi-
tion. An IL 2 standard was prepared by Con A stimilation of rat spleen cell cultures
(2.5 x 105cells/m1) and showed 23,472+767 and 21,563+1,026 cpm at 1/4and 1/8 dilu-
tions, respectively. Medium alone showed 331+ 53 cpm.

¢ Statistic difference from immunized mice with saline injection, p< 0.001.
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Table 2. Demonstration of Suppressor Cells of Antigen—Induced IL 2 Production in Lymph Node Cells
from Hypersensitivity Granuloma—Bearing Mice (Quoted from Ref. No. 7)

Lymph node cells (6x10°cells/m/) Generation of IL 2 activity (Mean cpm £SEM)P
from mice with? Stimulated with
. Hypersensitive | Foreign body MBSA Con A
Immunized
granulomas granulomas x1/4 x1/8 x1/4 x1/8
1.5m/ - — 11,326 613 4,607 £294 29,794+ 143 | 31,616+2,623
2.0m/ — — 10,889 £ 469 5,178 £424 29686+ 725 | 33872+ 382
— 1.5m/ — 5,270:t69dZc 2,688 +382¢ 26,104 +1,303 27304 +1,650
(53.5) 41.7) (12.4) (13.7)
1.5m/ 0.5 m/ e 6,778 £574° 2,715+319¢ ND¢® ND
(37.8) (47.6)
— — 1.5 m/ 7.450+£677° 3,475:0:3&'34f 28408+1,246 | 29,557 +1,083
(34.3) ¢ (24.6) 4.7 (6.5)
1.5m/ — 0.5 m/ 7837981 | 3359+527f ND ND
(28.1) (35.2)

3 Ten days after immunization, mice were challenged intratracheally with saline (Immunized),
MBS A —coupled agarose beads (Hypersensitivity granuloma—bearing), or plain beads (Foreign
body granuloma bearing). Lymph node cells were obtained from these mice 3 days after the intra-
tracheal challenge.

b Lymph node cells (5x10°¢cells/m/)were stimulated with either MBSA(50 ug/mi) or Con AG ug/m/)
for 24 hr. Cell free culture supernatants were assayed for IL2 activity at 1/4 and 1/8 dilutions. IL
2 activity assayed at additional dilutions (x1/16 and 1/32)of Con A supernatants showed no signif-
icant difference. The data are expressed as mean cpm=SEM from three independent experiments of
six mice per each condition.

°Significant difference (p<<0.02)when compared with immunized mice injected intratracheally with
saline served as controls.

dNumbers in parentheses indicate percent suppression as compared with IL. 2 generation from

immunized mice challenged intratracheally with saline.

€ Not determined.

f Significant difference (p<0.05) when compared with controls.
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