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Fig. 1 A picture explaining MAC pathology in tﬁhe lower respiratory tract. () Some organisms infect the alveolar epithelia
or epithelial cells of the respiratory bronchiole. (2) Then, organisms can proliferate in epithelial cells. (® Some organisms
translocate from lumen to sub-mucosal tissue through the epithelia. 4) Organisms reaching the sub-mucosal tissue are
ingurgitated or phagocytized by macrophages. (® Macrophages immigrate to regional lymph nodes. ® In the respiratory
bronchiole, the proliferated organisms break out of the lumen and spread to the next target cells. In sub-mucosal areas along
the airway, many granulomas are formed as aggregated macrophages transformed into epithelioid cells. Some granulomas
cause a narrowing of the lower respiratory tract. (@ In the bronchiole, well-developed granulomas destroy the existing airway

structure which may cause bronchiectasis.
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Table 1 Computed tomography findings in systemic Mycobacterium avium complex (MAC) infections

First author Pursner Pantongrag-Brown Koh Radin Radin
(investigated period) (1990-98)®  (1991-95) & (1995-99)™  (1985-90) ™ (1990-93)
HV-infected patients
Study region New York Baltimore London South California South California
Number of cases 16 24 21 44 30
Diagnosis Blood culture/ Culture Blood culture®  Culture ¥ Culture/
Biopsy Histology
Adenopathy 16 (100%) 10 (42%) 19 (90%)" 44 (100%) 30 (100%)
Chest 6%
Abdomen 10%
Hepatomegaly 10 (63%) 12 (50%) 15 (71%) 20 (45%) 18 (60%)
Splenomegaly 9 (56%) 11 (46%) NA 10 (23%) 7 (23%)
Gastrointestinal thickening 6 (38%) 4 (17%) NA 8 (18%) 3 (10%)
Gallbladder thickening 4 (25%) NA NA NA NA
Cystic/ cavitary lung lesion 6 (38%) NA NA NA NA
Bronchiectasis 7 (44%) NA NA NA NA

“TAll 16 patients were either blood- or biopsy-proven to have MAC infection.
® In addition to positive blood culture for MAC, 15 of 24 patients were also culture positive from at least one other site (bone marrow, stool,

sputum, and/or bronchial alveolar lavage).

© MAC infection was diagnosed by blood culture (n = 13), abdominal lymph node biopsy (n = 5), sputum culture (n = 2), and bone biopsy

(n=1).

9 Organisms were isolated from the specimens from lymph nodes, bone marrow, or blood.
9 In the 30 patients with MAC infection, the diagnosis was made by means of culture of a specimen of a lymph node obtained with per-
cutaneous fine-needle aspiration (18 patients) or of a blood specimen (7 patients), a bone marrow biopsy specimen (3 patients), or a

pleural fluid or stool specimen (1 patient each).

* The mean of size of mesenteric lymph nodes was 20 mm.
NA: not assessed
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Fig. 2 Histopathological pictures of a pig with disseminated MAC. HE stein. (A) Epithelioid cell granuloma in
Glisson's capsule displaces the lobule structure (liver, X 40). (B) A proliferative reaction with capsulization
develops in the lobule (liver, X 40). (C) Epithelioid granuloma with severe lymphocytes and eosinophils
infiltration invades the lobule. “C" indicates a central vein, and arrowheads indicate the dilations of lymphatic
vessels (liver, X 100). (D) Disappearance of the outer limiting plate (piecemeal necrosis). Infiltration of
lymphocytes and eosinophils destroy the continuity of a boundary line between hepatocytes and Glisson’s capsule
(Arrows). Arrowheads indicate the remaining section of the outer limiting plate (liver, X 400). (E) Hepatic cells
trapped in granuloma. Arrows indicate pseudo-bile ducts (liver, X 400). (F) Exudative reaction with an
epithelioid cell. Extended sinusoids and Disse’s spaces are shown in the lobule. An arrow indicates pseudo-bile

ducts (liver, X 200).

blue histiocyte) D EKEEBDH TV 57, T OHLIEERD L
#%1 Ziehl-Neelsen 4e 8 T < et S N Hulfk I Tl 7=
XN7-HBIRDBETH A7, T &bbH AIDS HEFHHE
MAC i @ A 3 I O #LELF IFF BLE,  S9E A o i 1c
ZLLAH EEMBAOGLEOR s 07 7 — Tk
he L0 BEMERTH 5, £ LRFED
FERCHI I L 2tk A4 <, Klat 5 Oz & i

W, 1260, BRI A 33%, ) v SERERE 31%, 1
JE21%, #RHMEAL17%, 410K1L 4%, Langhans % |5 4f g
2% DENG THIEIZED TV B0,

S, HEMTE MACHED N & L TRISER 2 K
RIERFHEFORFMHREICE L TIE, L8555
2DT, TORFHEMEIZTEDTE L, Fl 2T,
IL-125%2 74K (IL-12R) KR IFN-y R1 553861 T
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LB L A FEEATER S h A S EXMLRTY
% 280~ Altare & &, BCGd %\ M. avium 12 &S
L7ZIL-12R B | R3B 4 4 B % xh 12, & o0 A 35 1T
RARAT L, 8 LRI R ERIIE & ol ic % < @ CD4
HMRBICAE R Z-AFMARR SN L &R LAY, —
i C Lammas & {3, 8% O H % & o 1364 ] D Thi
A R — N RIS & M2 wberculoid-like (Type-1)
& lepromatous-like (Type-2) (40}, BRERIYTF # & Bl
43 723, D F 1) Type-113 Type-2 12 )Ll L+ 4
fbsh7-AFERRERL, B LML, Bk, .t
WO 2R, VRN THEIE, ELTPFRRIFT
Holtb#MELTVDEW, S5IIH6I, AFMTERE
RIEEDIFN-y BARRDICEKFET AL L, MKRNFL
MBI 2 RIENZBREIMDARS PV ERLT, T
b H IFN-y RIR2SE LKA IE Type-2 12 ik b M &, K
WL - HE % 5V, IL-12p40, IL-12RB 1524
K483 X U IFN-y RI/R2 8 53 R 3R 1 Type-2 D #i I ] b F
THREVAFEOMBRZ L LERL TV S,
IhITT Y MACTEDMBF MR LEINS < 1T
bhTainymme~on, BEORLERETLE, 7
¥ T, MVWAKILE EEHRIEA S B LMtk A
JE % R IC RO B T ENE NI, L LIS
MACHEICBRIE, BHERIEAE LoMRKEZ R T
LEMIZSH Bo Ellsworth HXHEEZ E L2 HREO%
KT, UTAMTERIIOMST 2IEMIILAFERE © R
ELTW5Y, £5BRE76EEORBEMGENFEE
ERLHRICBCTH, BHERSE AL LERK
1§ (exudative reaction with epithelioid cell) % % { DA
TRHTVEY, ZOMBMHIE, WILL ZVEERM
FaAs) v REREAFEEER & RIS U E ARICIRIE L 7453

Wit 824 #8127 20074E12)]

@& 5T Ik > TIZFE¥E % Langhans BIEMINLD
B P, LA L, 986 MMk 519 TMAMME L%
J:4k &+ B proliferative reaction with capsulization ¢ #1#
WAEBDTVEY, E5ICEOTEOMMBE LD
mixed granuloma (2 15% TH Y, 75 TIRBMERD 5
WAL S 2 CHILVWHIMRE BT 2 b0 EA LN
% %% (Fig, 2)

D& D A Y OHMF A B\ T AIDS fi B
L7y RIS A SO EE 2 EIZBVTIER
BB LA S (Table 3)o BIEEDLZAHT Y
O MAC 233 2/ ARBG S (2 L T D BRI A+ 5
Thbdo L L&A, Hines Hid, KRR M. avium
AT YIRS, ) i BV T TNF-a (28
4 % mRNA DRBLOMM % i TV 5%, Iwakiri 513,
W7 & TRAIMVERLBL L % B L 22 BRIk O K1) > /8
R & BURPERZ & ' Lo kIR D KRS ) > 7SRO K1
FURC AT B SUSHE % <72, TR, BN
RATOEES OB SN VBRI, FERRRBUSIC
M LUTIREEE RS, BRIFUIH L TIRR#EV RS
FRLES, ch6DZ ENroREBRELEL /oMK
Tit, MR REERIIEFSN TP LI ORFIC
DB RIBIIHT A REEOETHH LI ENEZ
LT3,

7. BRELOELMF

T AR BAVIEREERIZBWT, M avium FHORK
gesg7-p%, HITEBERRRE LITHBTHBE LR L
ERT A LARENTV %, b MEIKRHIC L 28RS
ERETRILLRCLORBEI Y LNBEMNTHL L
MEBEIND (Table 2)o BEHEL Y 2 DI —FMIIEB

Table 3 Features of granulomatous lesion in systemic Mycobacterium avium complex infections between
immunocompromised humans and immunocompetent pigs

Human 3)6) 61) 70) 74) 84) 85)

Pig ®

Immunological status
Pathological morphology

Component cells of
the epithelioid cell layer

Immunocompromised

Histiocytes V7%

Granuloma (lepromatous-like) 7074 8485

Immunocompetent
Granuloma (lepromatous-tuberculoid like)

Epithelioid cell/Histiocytes

Epithelioid cells Low (33%) 7 Comparatively high (67%)
Caseation necrosis Low (21%) 7 Comparatively moderate (38 %*)
Fibrosis Low (17%)™ High (64%)

Calcification Rare ( 4%) ™ Moderate (47%)

Granuloma edge 11l-defined ™ Well-circumscribed/ill-defined
Lymphocytes Low (31%) Less ~ numerous lymphocyte (95%)
Granulocytes Neutrophils/Eosinophils ¥ Neutrophils/Eosinophils

Giant cells Rare ( 2%) ™7™ Comparatively high (28%)
Lymphadenopathy Rare ¥ 61 Usual

Effusion Yes © No/Yes

Acid-fast-rods Multibacillary "9 Paucibacillary

* This percentage term was calculated preclusively the necrosis with exudative reaction.
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WTH A& &t/ MR TH ), FOFRICY
VBB OBELRIENEZLNT VSN, MACD
15 b B2 M B~ R e M 12 Bermudez & O — M DR FR IS
X DB LM% o T E 299100~ Salmonella typhimu-
rium, Mycobacterium bovis BCG strain % Mycobacterium
avium subspecies paratuberculosis T /7% 4 Z VI D MAl
R EBRLRBAIMITH 2 = & AUN LTV B W 100~ 108,
L2L%2AS, Sangari Hik<w 2% B 72 in vivo DK
BRTH LR MR O RS & R ICBIB L, /3 VM
BERMBEE FEH R L oty 5, MAIKIC
L BB DEY AAIE M. avium DR B H S
PRCC EERFEHLZ 2, ZOZ LA e
KB RELBRARBETH 2 I LATE S hrz o, &
CTHBREWC L i, Horsburgh?t, #EEEOHEZ
BT LICHREETICMISOR 2RO TS
ZETHBEY KimSIE~ 7 A M. avium % E RS
%, 1 AM%EI CHREORENBR SN I o2 L %
WEL T2, F 7 Sangari 53, B EEMEIC M
avium % & B¢ & &, interleukin-8 X RANTES & \» o /:
chemokine BEAEASES % 7 HTH RN RBICHN LARIC L
ALZWIEZFEHALTVE®, ThonZ Ehb,
MACIR G LR MIRICERORIGE RS § 2 & 7 &
L, BETIBIT T IEMFEzZOhE® 0, T35 L
7o BRI, MRAFEMEL L THOMACICES
TARDOHBMOEFLITZEZ SN Tnin,

8. HBEOBRER

HIV B O MAC BB T i, ik L 2oRR 0 ke ik,
DL RBTEHIHEET LD THA 9 D Hors-
burghiZ ZDRFEOH T, HETICRALAHEIEL, 0
a7 r—VICRRIN, MENOREREICIER
Ligl, ~zu77—Y L) VSmIcE Y Bl ~
SNEICEREL, REMICEMEICAD £ERENETT
% & L T 59, Acquired Immune Deficiency Syndrome
(AIDS) BEDOHKRBI DI T, WMAKRMEFIIBY
TRLZLFREEROEEIBD LN TV 5%, fOHIK
EFOHE 2 BIET L, BRRPEFHE V- -BANRE
BLRT VI EHFEB SN (Table 2), MITHICEHFIC
BHELTVWAZ LR INDG, YT AEAVAREE
BicBnTh, BOKY 2 HiE, BEME KICEEDL S
BRATEISNTVED, ZOIZLhbB~DBREE,
FH R MABEESEL TR LEZLNS,

—7%, JE AIDS R DB MACE T, Mfi& FHE
DEREHNE V™, Bl L7z AIDS FEHF O H AR B O 25
SE LSBT AL, BRICEREHOBRERDKL:
ZENHEMENS (Table 2)o FBkZ Z &1, Dorman 5
D IFN-y RRBEIDOHETLRIN TS Y $Thbb
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TAEBE DRV IFN- y RIER KRB TIAIRIRO MR Je 5
VAVE B IR R AL, BB RARBI T IR O 1 e
RV S OO FHMO BAKAT ) 2 IS (22/281), 1
il 2 0 R e % AR Ze W B WD BB S EBD (928 81) %
£LBDTVEM, %72 AIDSHHITdH o T b RN
HEBBEOME, IR BRRE BiET S L L #
HAtdh B, Abereg b DB L2 34EMIX, wThb
CD4fH 1 100 cells/ e LIA FAZ B L 7 FEBIT, 1 B3 3%
HitE MAC i D REAE A S 5 & D )4 i #e S 4iE Hif 12 1 1L #
BB TH 72, SNHEDOZ MG, LWEHME
PEGIEREASHE (RN T VB, MieAE v o7k
EOIMEF B L 32, MKLtEREAIMET L ABRIC
(&, AIDSEEFIOD & I E 2 Lo & LE MG~
AELRTWITEMAEZ 5ND (Table2)o

=%, VRO AREL, BRKEEEHLVIEEN
PLECE L) Y TR HIEET 5 2 LRI S I,
MACEERBICBVWTEELBREALRL-LTVwHEER
5 b (Table 2)o Abdel-Dayem & i3, AIDS BI#E&HtE
MAC 32 FEH14Z % L T Gallium citrate (Ga-67) & Thallous
chloride (T1-201) {2 & B Y ¥ F 75 7 4 — %247\, Ga-67
M EE T18.7%, KBTS53.1%, METI18.7% 2K
RRBOLERELTVE"9, 62, FEEAE)IKEHR
Y Y3 31.2% DEFI THER L B, HELEHY L8
B (2FEM) T28.1% DEMICERERL TV 519,
BECTICE AMEIZBVT S, MNEEOEE6/16
(38%), FEER) ¥/ EIDNEK 16/16 (100%) 3 & U HFiE
K 10/16 (69%) % 328 T\ 5, Koh b i, AIDS B
MACHE (218]) LML OENEZBEML L CTHEDH
A%EET T2, ZTOWEOPTHHBEEY > /38
DEFELEKX (FH20mm) (57%) BLUFEX (71%)
# DTV 59, Abdel-Dayem & D L 7= 1 FEHIIC,
FOER X MRE R CTIIICREIX R, EHBLEHY > /38
EEEEY I DR 24BERKHD Ga-67 DELY A A
DEREZZDT29, PEDOFE»S, BASEIL
BAL, BEEY R 8ICBITL, 20%, AT LH
VUNENSELHE, MIEICAD SRS ICEET 28R
PHEETLHEEZONTWS N0,

ZNhTI, AIDSBIEZER 77 1BV TR E RN
LOEHBEIIELLBVWDOTH A I Ho Torriani 5 D
AIDS BE 44EFI OFIR T ORI TIL, 29% DFEF THi
WCREZRDD, OHKRBITH 0~ 46% O HPH T
EERBOTVLI LD, BEIRTEL (Table2)o L
L7%h 0, AIDSEROKEESTIX, Z0RIKKRE
3M MACEETR 5N 5 X 5 R/ ERLEESETIIL
<o, MATHBABRTHE I ERS NI Epsmunn,
TR BN - T b IR EE 2 & DM ITHIBE O TR A3
WILAEZHND, —F, Modilevsky & iE, HIV B
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FO MACIEBIOMI{RIIT W2 KM & TRIRLTH D,
i 0> & B 55 3 % D 72 MAC 284 Bl DIATIZ B W T,

cavity 1) (4%), hilar adenopathy 3 il (11%), alveolar

infiltration 6 (21%), interstitial infiltrate 1451 (50%) T
& - 72 A% miliary pattern & pleural effusion & "1 L 72 i’
Eawm, ZofEr s, PhELIMITTEICE 2%
RAPEIBREZ R S L2hEplid e o> o EH LTV DY,
DT LR, HBOERE LNix/EL5 5D, Modil-
evsky DR U722 idig B & A7 2 9Bk, M &k ~
NIMATHECS R IFRIL 22 B BN b, - JimifR ],
WA TP A 18 % 2% 3 SR ARPE MAC 4 BT, Iy 7 & )ik
BVIESIRITH Y, Mli~Zm Ve Lz & £ 2
bihd,

7 % OIFHIPE MAC HE O 95 PLHLEE = 0B Tk, A7
FRIZEDLOTENDL DD, NliMdy W IE%ET L) 8
MOARRITE Y, TF S, 276 kS, NiT 12/
& (4.3%), BV > 235 8s ik (30.8%) 2 1A 4G PE g
REBBELTWDY, Fo5H O ORERL 7HESI TN
R B %38 (Fig. 3A), MAMEIE T (Fig. 3B), /M4

Witk 182 % #12% 2007412 1

(Fig. 3C) V230 L MK A S HEYEAR AR AE L TV 720
INREN DG G L DD LD W TFE A
Vi A% T ) (Fig. 3D), #ELHEKY % &L %
WCdhote, £ IR O M 2T % W T /%
VB U LA A DH 2 1A SN Y & D Fe S e, )
v 84D B i IAYE A D T EYEDS R E B 2
PN e i W 41§ B S G b WG STV
LI LM, FAGHIERN L ML SN DI TR
u\ll-l)u

LRI % b & MACHE D 4 S il HL o) S b )7 %
%45 L7 (Fig. 4)o

9. BEEREEMRE

It 12 2 IS AERR L S B N D LN DB 5122w T E
L7200 invitro DT, Wi T % LAl (A549)
W 1L (INT407) 42 M. avium % G 32 7-L 2 5,
S K B H A BRUEE A€ 1L T AS49 Ml Tz 10~ 100152 0
A o ENS, M oaviimiZb L b L
TR ML 0 B affinity ASESV [ EMEDSH B, LAL,

Fig. 3 Histological pictures of a lung in a pig with disseminated MAC. HE stains. (A) Epithelioid cell granuloma
in alveoli. Inflammatory cells aggregate in an alveolar septal wall with hemostasis (lung, X 100). (B) The
epithelioid cell granuloma was formed directly beneath the pleura (lung, X 40). (C) Ethelioid cell granuloma was
formed in the septum of a lobule. The arrow indicates a vein in the septa (lung, X 100). (D) Epithelioid cell

granuloma in the alveolar area, but it does not involve the bronchiole. The arrow indicates the bronchiole (lung,
X 40).
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Fig.4 Schema of generalized dissemination of systemic Mycobacterium avium complex disease in a human
with AIDS. MAC infect to intestinal epithelium cells and translocates from the lumen to sub-mucosal tissue.
Organisms reaching the sub-mucosal tissue, are phagocyted by macrophages. The macrophages immigrate to
regional lymph nodes. Other organisms may enter the portal vein. In the liver, most granulomas develop in
relation to those organisms in Glisson's capsule, but some granulomas develop secondarily in the lobule.
Phagocytized organisms are absorbed in the terminal of lymph vessel in Glisson's capsule and those organisms
are transported to the hepatic portal lymph node. Organisms that have escaped the host regional defense system
enter the blood circulation through a thoracic duct. In the lung, granulomas are formed by hematogenously

disseminated organisms.

th4E ot % thuls & L7zl MACHE (nodular bronchiectatic
disease) TIIMiAFELBBHAMATH b, = D discre-
pancy DAL LT, AIDSEED LTMEE NS MACT
XZD5%LLENM aviumTH Y, MFRTIZ4BL
SENENI EAMON TS, —7, FEAIDS &
Tk 4, SEUSCLRLZMFEFFH SN, HiE
12 & o T M. intracellulare D EH AL W 19~120, = )
M. intracellulare (385 EREIZ XS 5 BEEEIIDME N 2 & 2%
H &N T3, Bermudez & Young i85 b5 #ifa i &
LhAHMmMiER (1, 4, 88 [AIDS BEH*®K], 168) %
B S, MBADOEERETN AIDS EEHRKRTH Y
L RFEEBHL TV, 7 Birkness & (& INT407 #i A2
GV CILE 4 BASiE 2 B & 0 & Bt - BRREAYE
ol h, ASOMITIZZFDEINEh o7 L2 H
B TWE, SLICREDHMREICED, BLERICH

THRAEBET 5 M. avium O BIZFHEE S iz,
I3 LAREFOREN, BT E OB g LR FE
~NDOBERMEDZE (invasive phenotype DREH) (M5 LT
WA TREHEASRIE K TV 5 122

10. £ & &

ChETORFZEL THL IR o722 L1, HIV
BRE, 7%, ThMiA Ry — FEEZEHRBEE, o0
ZHLIFN-y HOHABEBEE BV TR E 2 REE%
REDBRDOERBKRVRRLILTHE, 2O LIIH
BROER, BEOMBREREEORRBICI >THESH
Twh, 5%%) L-RTF2EER TN - kit 2 =
& T, BEME MACIEDRE - EREBENHO Mo Xh
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Review Article

THE PATHOGENESIS AND THE DEVELOPMENT MECHANISM OF
MYCOBACTERIUM AVIUM COMPLEX INFECTION

Kenji HIBIYA, Futoshi HIGA, Masao TATEYAMA, and Jiro FUJITA

Abstract Mvycobacterium avium complex (MAC) causes
respiratory tract infections and develops granulomatous
lesions in the alveolar areas and bronchioles in humans. In
contrast with the above, the intestinal tract is the primary
infection site of immunocompromised hosts, such as patients
with acquired immune deficiency syndrome (AIDS), or
animals, such as pigs. Recent studies have revealed that hosts
with hereditary dysfunction of mediators in the Th-1 cascade
as well as hosts with a high titer of auto-antibodies against
interferon- y are susceptible to MAC, and such hosts facilitate
dissemination of MAC. However, their disseminated lesions
are formed mainly in the lung or in soft tissues, and the
mechanism of development of MAC in such host may be
different from that of AIDS-related MAC infection. In this
review, we specifically discuss the development mechanism
of disseminated MAC disease in recently-identified several

pathological conditions.

Key words: Acquired Immune Deficiency Syndrome, Pigs,
Mycobacterium avium complex, Dissemination, Pathogenesis,

Development mechanism
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