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A Histopathological Study on Experimental Pulmonary Cryptococcosis
in Mice Induced by Direct Intra-tracheal Insculation

Makoto ITO

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

" To study histologic responses ta Cryptococcus neoformans in lungs, experimental pulmonary
infections were induced in immunologically untreated mice by an intra-tracheal inoculation of
10° viable yeast cells using two different fungal strains, CDC 551 and S. Goki, and pathologic
examinations of the infectious lesions produced by both strains were performed.

In an early stage (1-5 days), the pulmonary lesions induced by both strains were quite simi-
lar in that the granulomatous responses were provoked by sinall, weakly- or non-encapsulated
yeast cells. In a later stage (6-30 days), the nature of the histologic responses to each strain was
considerably different. Namely, the lesions caused by the strain CDC 551 gradually regressed and
finally changed into small discrete granulomata, in which a few yeast cells were observed but
they remained small and poorly-encapsulated. In contrast, yeast cells of the strain S.Goki de-
veloped a heavy encapsulation with increasing size and rapidly multiplied in the lungs to produce
a large number of cystic lesions without inflammatory reaction,

These results suggest that the capsular substance plays a significant role in determining the
histologic features of the lesions induced by Cryptococcus neoformans, especially whether they
become granulomatous or cystic. Shinshu Med. J., 84 : 586—604, 1986
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Fig. 1 Comparison of pathogenicity in mice
of two strains of Cryptococcus neoformans
by intravenous inoculation of 1X10° viable
yeast cells.

2. < v ARRTAREM : ThPhoBlicow
T, BEEEAKO. 2ml 108 EoLEmERsE L, ~
7 ADREBIRFCEER L, BRI X 58 ERRREE
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Pk 4.6 (£3.89)H, CDC HRIERETRIX 13,9 (£8.40)
HC, =9 ACHTAHEMRT SG ROl 2l
(Fig. 1o  BELIE L 2= T4 O B ARAIMRR T,
BRI L I BN FE T U A SV It B B M i A P v
SB|OMTHHFEREL, HEOEE oI EET X
BEELLRBLDNEN T, LvL, Thil#c
AL, MR R olT2E D B X 5B
HlEAER L CNRIFEER (Fig.2a) 2K LALDY,
FERS 3% R TS OT VLA Taw = — &
v, EHERLE (CLF, PMN) oBliols A s
WBEIARYRE (Fig. 2b) #IBM Uiz, LasL, AF
JEHERRZE & I B BENRERIE L I 0o\ TUL, #
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Table 1 Summary of histopathologic findings of the pulmonary lesions
by intratracheal challenge of Cryplococcus neoformans.

Histopathologic findings in pulmonary lesions*

Strain Days after Number Granulomatous lesions Cystic lesions
inoculation of mice ) 53 D =3
with with with without
scattered multiplying granulomatous prominent inflam-
yeast cells yveast cells reaction matory reaction
1 4 4 0 0 0
3 4 4 0 0 0
5 4 0 2 0 0
7 4 0 4 0 0
CDC 551 10 4 2 0 0 0
15 4 0 1 0 0
20 4 2(1)ed 0 0 0
25 4 4(1) 0 0 0
30 4 4(2) 0 0 0
1 5 3 1 0 0
3 5 2 0 0 0
5 2 1 0 0 2
7 5 2 0 2 4
10 2 0 0 2 2
S, Goki 13 5 0 0 4 4
15 2 0 0 2 1
17 5 0 0 1 3
20 2 0 0 1 1
25 2 0 0 0 2
30 5 0 0 5 4

* Each number refers to number of mice with each lesion.
a)-e) These histologic criteria are summarised in the text.

B LUAERE oM —Zo@FIRRD bhith o7, 3. R T X B R O (Rl & SRS
2L, WTFROBERWICEEDS, BRI 5% : CDCIIL 3678, SGEHY 40MEm = 7 A% Lic,
R EIBR IRz & (Rig.20), FEcLE FHERD= Y ALDONT, =—F VRERTEL, 70
UK 2 OREREE TS X s i bhicz & Y=t NT a — L CIEE, BREEETLCHE
(Fig. 2d) 2MEEcH oI, DEFELBHL, BERTE26GOY <vs Y vtk

Fig. 2 Various lesions induced by intravenous inoculation of viable
C. neoformans cells, a) Microgranulomas in the brain (9 days
after inoculation, CDC strain), H.E., X100. b) Cystic lesions
in the liver (9 days after inoculation, CDC strain), Mucicar-
mine, X866, ¢) Cystic lesions consisting of heavily encapsulated
yeast cells in the kidney (5 days after inoculation, S.G. strain),
Mucicarmine, x66. d) Coexistence of both granulomatous and
cystic lesions in the liver (6 days after inoculation, S.G. strain),
Mucicarmine, X 66,
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300 ¥ TRMNFICERL, Wiz I B Lo
PO MBI EREL BT Ui, 48803 4% ) v
BT 7RV AT AT e FIRCREE L, WE O E
wkh77 4 YEEEERL, hematoxylin-eosin
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RERR OMEL S 2 R LT, AHEERE &

BRI L, S5EEDBODKRERCDNWT, L

Tokia)~e) OSTTHAMEL, =Rk

TEFT ISV B MR B DR % Holst LR IO HERS 2

fHE L7z (Table 1),
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PMN o535 #& 8BNS WL 0, el
OHEEIFEEPCRELCH BB, AFEYE
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b) BERL &) LIZERETH B, PFERKA
TOHOHEELD b, Wharm=—2HHL T
b0, Lal, HFEEA~OB OB
oo T e WRE,

¢) BHiclatka R T AIER Ok E D Mo 2384
BEL, ToORMCRELTY v kMo
HafEoTnbd o, FMEPTIIELTFORK
BEERRGA, OHR Me Wi i U B
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HEE O SEE M - T S BB OR
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e) MlaCREZRL FrbEHSTA L5 LT, %
LW ofaFe, Fhoripgl Licd ol
FEME LTV BIARAEC, A A EAL T ball-
ooning %/RTHIAMS LM IT A KiEAix
LT BHHLE,

LIF, CDC #i& 7Bt SG BRa Ve loR

DRDTOWT, EIH L RS O 8 it

%,

Fig. 3 Pulmonary lesions induced by intra-tracheal inoculation of
viable cells of CDC strain. a) Granulomatous pneumonitis with
small foci composed of accumulations of PMNs (large arrow)
and a few yeast cells (small arrows). 1 day after inoculation,
H.E.,, %100. b) Perivascular granulomatous lesions and adjacent

cystic lesions. 7 days after inoculation, AB-PAS,

X100, ¢) A

discrete granuloma containing several Cryptococcus cells, 10
days after inoculation, H.E.,, x50. d) Higher magnification
of a part of ¢). Note many Mgs and PMNs surrounding the
weakly encapsulated yeast cells (arrows), Mucicarmine, X 200.
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Fig. 4 Pulmonary lesions (continued from fig.3). a) An accumulation of
large granular Mgs positively stained by alcian blue. Note absence
of complete form of the yeast. 25 days after inoculation, AB-PAS,
X100. b) Alcianophilic inclusions of M@s mostly positive for anti-
C. neoformans antibody, the same lesion as a). Indirect immunoper-
oxidase technique, X100.

Fig. 5 Electron microscopic findings of phagocytic cells in the lesions
induced by CDC strain. a) Alveolar Mg (AM) containing a complete
form of a poorly encapsulated yeast cell (Y) and several PMNs (N)
also noted. 1 day after inoculation. Original magnification, X 3, 000.
b) Alveolar Mg engulfing a yeast cell and also degraded substance
possibly derived from intracellularly killed yeast cells (arrows). 10
days after inoculation. Original magnification, X5, 000.
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Table 2 Comparison of changes in the size of yeast cells

in pulmonary lesion.

Mean size of yeast cells (pm)

Strain - -

1 day after inoculation 5 days after inoculation
CDC 551 3.82:0.90 (131)* 4,101, 22 (148)
S. Goki 4,6321,08 (121) 7.722.13 (161)

*Mean=+One standard deviation (Number counted)

A CDC #igiEps

BfEtE L B B, BROMBECREEZFOMEOHE
IR & W2 BEAD D, IIED D ITHIZER I
HE A Loo, TRAR IS D2 RL T,
B A B OBE MM LY E LIEER OB
Mg 2 TdH - 1odd, ZHIZE UT PMN D8EHEMN
SEFRD bR (Fig. 3a), HKIERARIT PN ONT
BEPWEHEERT IS, BRI OAKRSH R G
BT\, BTHEMENT S, EEE RGBT
Mg BRI TH 3 EHEEZE IR (Fig 52),

BEZIAANLT BHRNTTY, RS/ IER
PAZFIRE A S D 2SR L, BERNoRTFo—
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ATE Y, BHERACNERBRE 2B
(Fig.3b), L L, CDC $hoRIERPICORIEI®
KEWRAELZHLOCHEL, AFEEE ~oTF DL
B ETREL Rl T, BEIRBL5HE
ERFTAHEEOREIRLFEOEIRD bhinho
Jc (Table 2),
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TR bkt (Fig. 3c), = OPEEEHOMING, F
WoRZFmEifE L ke, RTRE~ O %8 ik

PMN Zi#% s, RO Mg BEEL %8 TH
BoOWRECTH -7 (Fig.3d), BEFBEMENCX, T
Ja Mé BT ORREXRLT, MRATHET
HEMNBED LN, BTFoPRRIERER DL,
R REE L ¥Rl WERoT02b0bbH
7= (Fig. 5b),

BWRE08 1 H30E BTh, Lol tial
PPN, lo—8 2 AR bhvied’ (Fig.
42), WHEPBRTS Mg 123 UL Ek LEHME
ROt r TR ELL T, LrL, £0
Fatkici, 707 b2y 7 AFURM AR R S h
7= (Fig.4b), #7z, PIFED 5 b—HItEL£LEO
MF2EET, BERMé &V vABRED GRS
T,

R, COCEETITNio— i RGP A T o
LixHoTh, BEREFELER LU CiREELSC
Lih, &FmThcEgTsc sl ot

B SG #iEiEn

B 1 B B OPTRY, MRERL RO LIe R
7T OBk O/NAFEMR & (Fig.6a), MR
W 3 X SRS L OSSR~ T o fF
EHThHb, CDCH¥oBETh bl X 57k, MNEED
PSRN 2B 3R BT, RIER GO EIIEM
THote, AFEEAERCISEHOBTFREELT

Fig. 6 Pulmonary lesions induced by S.G. strain.

a) Granulomatous

pneumonitis with a few yeast cells. 1 day after inoculation, H.E.,
X100. b) Granulomatous lesion with a cystic focus of collections of
a few heavily encapsulated large yeast cells, some of which have

spread out of the granuloma.

7 days after inoculation,

AB-PAS,

%x100. ¢) Acinar type of bronchocentric infectious lesion without
granulomatous reaction. 17 days after inoculatin, AB-PAS, x100. d)
Accumulation of many yeast cells in the alveolar spaces, appearing
like a “cyst”. 17 days after inoculation, AB-PAS, x50.
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m fig.6). a) A typical cystic lesion
with a poor inflammatory response and focal displacement of the alveolar
structures by a large colony of multiplying yeast cells with thick encap-
sulation. 30 days after inoculation, AB-PAS, x33. b) Massive intra-
alveolar multiplication of the yeast cells, but the alveolar structures
were intact. Note perivascular infiltration of lymphoplasmacytic cells.
30 days after inoculation, Mucicarmine, X 33.

Fig. 8 Electron microscopic findings of phagocytic cells in the lesions in-

duced by S.G. strain. a) Alveolar M¢ engulfing a heavily encapsulated
yeast cell and also containing phagocytic vacuoles. 10 days after inocu-
lation. Original magnification, %3,000. b) Several phagolysosomes were
noted in which lysosomal matrices (arrow heads) were replaced by low
electron-dense materials (arrows) which could be capsular substance of
yeast cells. 15 days after inoculation. Original magnification, X 10, 000.
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BRBTL, B CiEie2i3 & X b BRI gt
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W A ZR Lice D EHBERET 5 X 51, WK
MKESZ 2, MEROFREXERL (Fig. 6c)
LI AR ERLTW B BE shi (Fig.
6d)0 RAHITIT AP THIEIRD = » = — 2
L, AHEOKiYERELT, RN ERIGEOTE
BB L 7o 0 (Fig. 7a), BEFOMfasgE 2
T 5 Lin SEOFIELIATFH KM 5 K8 (Fig.
7b) Eirvtc,

ZD X5, FiifIToORRGSIEIE L T bR T
BETEYSECIiE Mg 2% B OECH I EELER
Lizh, H50VEVWEEXETRTY 203
BRLTWAENELE I K (Fig. 8a), FH-KEHE
BIhicH, lysosome &fEA LT phagolysosome
BB LT Tedd, FEERS & lysosome D FEEILS
BEL-Z 2 DRBEH B LD %D 57 (Fig. 8b),

SG kT, BRI B ks o
LicCd b by, ERIIMPCEYEIE Lich, il
JEES N DREG DU K % 7R LI BRI 3 o T

v % £®

707 b2y 7 AEOFE, WAEEEERYED
5N VU RIE, 7TARAFELAERKNT, A—2
MEEHIHBR LT3\ L 4 FHITRLE ST b 5252,
WEFIDL L A, immunocompromised host DRE

598

Fig. 9 Smear section of peritoneal fluid
obtained 3 days after intraperitoneal
inoculation of viable cells of S.G.
strain. Note colonization iz wvivo.
Mucicarmine, X 100.
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