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Histopathological Studies on Experimental Pulmonary Aspergillosis

Kazuo KOBAYASHI

Department of Pathology, Shinshu University School of Medicine
(Director : Prof. Masao HorcHI)

The present studies were performed to analyse and compare the pulmonary initial lesions
induced by an intratracheal inoculation of 108 live spores of Aspergillus fumigatus into rabbits in
various conditions. The results were summarized as follows : 1) the initial tissue response in the
healthy control animals was done chiefly by polymorphonuclear leukocytes (PMN), but a few days
later changed to granulomatous reaction ; 2) in the animals sensitized intravenously to formalin-
killed A, fumigatus cells, the serum antibody against the cells was obtained and more extensive
PMN infiltration at the initial stage (which may correspond to Arthus phenoménon) was observed ;
3) in the animals sensitized intratracheally to formalin-killed A. fumigatus cells, the serum anti-
body was also obtained and alveolar macrophages were already activated by the sensitization, so
that the inoculated live spores were almost eliminated by the activated macrophages even at the
initial stage; 4) in the animals sensitized non-specifically to bovine serum albumin, the tissue re-
sponses were not different from those of the control animals ; 5) the animals compromised to Cyclo-
phosphamide and Mitomycin C revealed extensive necrotic lesions about 2 days after inoculation
and the lesions expanded progressively with abundant hyphal growth of the inoculated spores.

In conclusion, it is emphasized that PMN play an important role in the initial elimination of
A, fumigatus spores in the lung, and the activated alveolar macrophages then contribute to elimi-
nate the still untreated spores and their preserved components undigested by PMN in the lesions,
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Fig. 1 Precipitin titers of antiserum against
crude polysaccharide (100zg/ml) extracted
{rom Aspergillus fumigatus,

Table 1 Culture study at autopsy of animals

Positive cultures

Group Days after inoculation

Lung Kidney

1/4 2/2 0/2

1/2 2/2 0/2

Control 1 3/5 0/5
2 3/4 0/4

4 2/5 0/5

8 174 0/4

1/2 1/1 0/1

1 5/5 0/5

Intravenous sensitization 2 4/5 0/5
4 3/5 0/5

8 2/4 0/4

1/4 2/2 0/2

" 1/2 2/2 0/2

Intratracheal sensitization 1 0/4 0/4
2 0/5 0/5

4 0/2 0/2

8 1/4 0/4

» 1 5/6 0/6
Drug-treated 2 777 0/7
4 4/6 0/6

8 3/5 0/5

X2 test, () : P<0,05

Fach denominator and numerator shows the number of rabbits,
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Fig. 2 Scanning electron micro-
graph of spores (arrows)on the
bronchus with red blood cells
(6 hours after, control animal).
x 3,000

Fig. 3 Early lesion surround-
ing the terminal bronchioles
showing a small amount of
macrophages and perivascular
leukocytes (6 hours after,
control animal), H.E. x66

Fig. 4 Minute lesion composed
of a few spores, PMN and
macrophages (12 hours after,
control animal). H.E. x 66
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Fig. 5 Confluence and spread-
ing of the same lesions as
Fig. 4. (1 day after, control
animal). H.E. x40
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Fig. 6 Widely distributed le-
sion consisting of extensive
leukocytic infiltration (2 days
alter, control animal), H.E.
x 40

Fig. 7 Electron micrograph of
a spore phagocytized in a leu-
kocyte, showing an electron
dense layer on the surface of
the spore (2 days after, cont-
rol animal), x5, 000
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Fig. 8 Granulomatous lesion
surrounding necrotic area,
consisting of mature macro-
phages and multinucleated gi-
ant cells (4 days after, con-
trol animal). H.E. x66

Fig. 9 Electron micrograph of
a multinucleated giant cell
engulfing an already partially
destroyed spore with high el-
ectron dense layer on the sur-
face (4 days after, control
animal). x1,800

Fig. 10 Reduced lesion consist-
ing of small foci of macro-
phages and scattered lympho-
cytes and regenerated bronc-
hioles (8 days after, control
animal). H.E. x40

No. 1, 1984 49



Fig. 11 Confluent small lesions
consisting of PMN (12 hours
after, intravenously sensitiz-
ed animal). The lesions were
more extensive than those of
control animals at this time.
H.E. x40

Fig. 12 Scanning electron mi-
crograph of PMN surrounding
inoculated spores(arrows)in the
alveolus (2 days after, intra-
venously sensitized animal).
%x 3,000

Fig. 13 An asteroid structure
of spore surrounded by PMN
and purulent lesion (2 days
after, intravenously sensi-
tized animal). H.E. x100

» BINESE Vol. 32
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Fig. 14 Typical asteroid struc-
ture of the spores (2 days
after, intravenously sensi-
tized animal). PAS x200

Fig, 15 Scattered granuloma-
tous lesions (8 days after, in-
travenously sensitized animal).
H.E. x66
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N
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Fig. 16 Partially destroyed re-
ticulin fibers in the alveolar
septa (8 days after, intrave-
nously sensitized animal).
Silver impregnation x50
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Fig. 17 Alveolar macrophages
containing Grocott — positive
substances in cytoplasm (after
intratracheal sensitization).
Grocott x 100

Fig. 18 Scanning electron mi-
crograph of alveolar macro-
phages in the alveoli (after in-
tratracheal sensitization).

x 1,000

Fig. 19 Scanning electron mi-
crograph showing contact of
macrophage to spore (arrow)(12
hours after, intratracheally
sensitized animal), x 3,000
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Fig. 20 Spores engulfed in mac-
rophages and their degrada-
ted substances. (1 day after,
intratracheally sensitized ani-
mal). Grocott x50

Fig. 21 Leukocytic infiltration
in the bronchiole surrounded
by granulomatous foci (2 days
after, intratracheally sensi-
tized animal). H.E. x66

Fig. 22 Reduced lesion consist-
ing of scattered macrophages
and leukocytes (4 days after,
intratracheally sensitized ani-
mal). H.E. x66
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Fig. 23 Extensive necrotic le-
sion including spores (2 days
after, compromised animal).
H.E. x66

Fig. 24 Electron micrograph of
hyphal form surrounded by
several leukocytes. Note high
electron dense substances (ar-
rows)on the surface of the hy-
pha(2 days after, compromised
animal). x1,300

Fig. 25 Electron micrograph of
two spores (arrows) without
high electron dense layer en-
gulfed in macrophages (2 days
after, compromised animal).
x 1,300
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. Fig. 26 Radiated hyphal growth
in the expanded necrotic le-
sion (8 days after, compromi-
sed animal). Grocott x 100

y Fig. 27 Scanning electron mi-
crograph of the same hyphae
as those in Fig, 26. x1,300

3 REFOEREIERE ‘ BEFLC,

a  EIFC X BNATR « B R & KBNS LT b BERT 6 IR « RRIER T & (ERRe %R
lilici, M&EZ0 ERAMTEAER L, EFIAAEA Lz,
Ll ) DB ETA RS ) v S BARE LTV, c 12WRIES : RMISAE S0 DI ANT Ty R

MEELEED ) vERLELERL TS, € R TR T RLC N2 TABBANRE <27 » 7 7 —
OMGEZRMDMRaNCE, PO %A mERY CORMEND Y, FHHETIMNRESRED DRI, 2
b= m 77— ESFEMENATRL TV, < DEFINCIZ, AT KIS TL B E k> T
ra7 7 — ML, Grocott 2 PAS et i Crh (Fig. 19),
FhBEc e ¥ B e B KBTS Eh T d 10#%: £FEANEKRE~27 R 77— YO/NR
(Fig, 1), “hbD~<=zsrr7 7 — 2%, BEMIT BAOBMENFEEL, AFEATL, 3 CIoBE gL
phagocytic vacuole % residual body A 4% HNL bR, Flo, =27 r 77— COMIENICIL,
bh, MEERERE b, FKmL filopodia K% B Xnffare Grocott Zufapgik DMK HRIA
2L T\ (Fig. 18), SRR bhie (Fig. 20),

ZO k5 IeRIBIC B B R BN, AR IRl e 20%: AUBEAMKERET 2~/ 77—

No. 1, 1984 95

]



o~k — K

Utk s LIRS E WICRLE, ik L ik
R L 7x o 7ot BFEROKRE JxBbH B3, i
Tarb R F RO TP B b ie o1
(Fig. 21,

f 4 A% FRAOEBEEMRLE LA ESD
nigd b, =2 e 7y — PREEEMR, YD
v L ONREISERENHE S h, BR A RER
Ligwtc (Fig. 22), %o, RIREFRCRGTL
FUERAOHEERL, ZONTILEEAERDE
hishol,

g BHBFREXRBUMRRIN, =7=7 7y
=V EDRED ) VARKEETCHEE LRI R
L, EEIEREEL LT, fifarRRRo i agito
gL, LRI T Ve, '

4 BSA Ik 550EREENE

a BSA R X 3MFTR : BSA xid 2 MmiE
AR E s, MSEEH BT oD
<=smr77r—URNROHLNICORT, 7AVLFLA
B L 7o BEERUC X 0 R LT RIS e~ T4
F L & b Thinh - 1o,

b RO R RGP~ BT o IRk
Loty REOHEB LRI & IR TH - 1o,

5 HUBHHESB

a  BERE 1 B iR cicaFaiBle b
TSI IS 7 < IR IRIEEZE LA 4 Bk
TR TH o1

b 2 A% BEAEEEDLERANRY<27 7 7
— P L B PRES RS LT O MIECHR S
oy TTRBREEICE L MRS 5 —F, BEALESE
Shi (Fig, 23), #7=, ZOBIEHEPITIL, 2B
BB~ 27 = 7 7 — PRERIRIRTC, Tk
BRI RE LTV 24D Roni, EEMIL,
SR MERICE A IR TV A RTFREARDOEIZE
FHEEOEHELR AR (Fig. 2D 2%, s w7
7= PIARIN TV AaFRRED X 5 I E»R
BhRih ot (Fig. 25), Nk 4asen sy
o T,

c 4 A KA E B NilrNc BT E AT
i, Grocott Per CEAMNFEF LTV 2 REEN RS
Rt iR O RS RARCh TV,

d 8 Bk BIIEHA & BTk LE R o
Wgr L (Fig, 26, 27), —#icmEeE il
LTwiefgEd Rk, Lol SELHIGTO 2
Th, MBERTIZRD bhieh -t

56

o Gontrol group
e Intravengus sensitization
group

o Intratracheal sensitization
group

m Drug-treated group

Chemotactic index (%)
w
[=]

- e |
1/41/2 | 2 3 4
Days after inoculation

Fig. 28 Chemotaxis of alveolar macrophages
of the animals in cach group.

o Control group
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Fig. 29 NBT reduction ratios of alveolar mac-
rophages of the animals in each group,
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