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ORI OEEICHNTIE, 19614E 4 A2 H (REK), HA%SARFESHEEERICR TAERER L,

KEICANTRESPHBOLEENBINT NS

A, WEEM O~ Z ) 7TRRE LTI, Plasmo-
didae #® Plasmodium 813 0 T3 £, Haemo-
proteidae B> Hepatocystes JED T b EIR T AN

ISR N & E 0w o, Hepatocystes JBlT,
Levaprt: & Scuoen (19320) [ Ko T—BH D ek
(baboon) 1T 5417 R =Hepatocytes simiaeD 7z
WICRESNT D TH- T, AR (gametocy-
tes) [IRRHLMERICF W TRB A 3K 7o 9 03, TR
(schizonts) WIERMMKICHET 22 EIZEAER
{, FRDHICR LN LT, BEUBHEFICEE
54, exo-erythrocytic schizogony & LC, F &
LT, IFBRIC A WD Torstkiage (merocyst) ZTER
L, WA B (vector) lAMS < & BT EHE 0 &
X H T S, Garsuam (1947/48) 1%, Plasmodium
kochi (LAVERAN,1899) S EDIIcBEEHT 7V #DT
sl (Cercopithecus U Papio) 1CH 5i 4 I
13 Hepatocystes (TALTE S50 C EAREL, BR,
Hepatocystes (TR TER~ F V) 7EICHOT
FHEI(AE & 8o fc. U L, BIfE, Hepatocystes
ELTHONTOARRIE, Hepatocystes 10 HE
FZREFEE LN TEOEOINE SEEd» b AR Bl
XN TVWABEBRAEGD T, KRBT XD, BEER
FiF 5N TN AITHEE L (Table 1.

MULLIGAN & SouMervILLE (1947) O Plasmodium
vassali var. ratufa 13 Laveran (1905) @ vassali

A( y Donovan (1920) @ ratufae &HEQEE&E

»HJ\{ ) ﬁﬁT"“)ﬁ%‘feﬁ 3785

N T 5.

HEED A, BIEW (Wu Cuen-Lan) i, 7
i, RIBREE (Macacus cyclopis) [ HJE O A
%% H L, Hepatocystes kochi var. wui YOKOGAWA
1953 @& s h, T 7o, BEEERE (Cdlosciurus
spp.) WKEBDESEZFRE L, Hepatocystes vassali
B Lk, HES
12, Wi, BEEARER, Petaurista  petaurista
grandis (Swinucr) D108, 7HIC~7 Y 7 BRI
W50 5, 7 H1C Hepatocystes 57 @O mero-
cyst OFFIEAEMAE L7, Ay E D~ T Y 7 kg
WEkO T, Ravy (1949) K X T Himalaya @ £
NICHHDTRONTER, ChABERE_OWETH
HERDID

Hepatncystes DhERaZE (merocyst) 13, —f%
CE 213, TFERRCHBICHIA LTO 2 ERIRO A
BILEBORINT Ho T, B Z 1 ix 2.0mm i
%, BROZ 13 1.0mm Jigh, ARKIC &4 51
S, RS Do THIMI L,
rical body, as soft and elastic as a child’s toy
ball’’ (FmLp & Epeson 1949) T#H 5., Merocyst
DMMFIIRICANTE, ERBIF/LOLMD &
DR S, S8 (outer wall) (3 PHE O I"fﬁfaw Z
m*n,%QMMiwgmtwwﬁ¢ s FHRHT
fim, Bikziifia, Srme T, WL’J%HM@#(DEW%}L 5.

i (mid-zone) 3, merozoite-zone T w T,

var. yokogawai Wu, 1953 & 4y

“smooth, sphe-
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Table I.

Parasites regarded as Hepatocystes in the literature

1) Annamese squirrel :
2) New Guinea flying fox :
3) Malabar squirrel :
4) Congo “situtunga”
5) Palestine bat :
6) African monkey :
7) Himalayan flying squirrel :
8) Malayan squirrel :
9) Formosan monkey :
10)
11)
12)

Formosan squirrel :
Congo fruit bat :
Rhodesian hippopotamus :

B A Dl TEE N, BN O R IC RO
)tk (merozoite) MEEXRPIEL TS, NE
(centre zone) 13, M DERITH- T, colloidal
DWW R T THo T, UIWERICROTI 1
ICWRE L CRA D, ZHER (kochi type) IR
B (vasscli type) @ merocyst OB THS. L
AT, Ray (1949) H R 72 Himalaya @ av €
o merocyst 3, (FiELp & Epeson (1949) DI
i,
are clusters of small discrete cysts each with
1imiting membrane” %D, HREE, BRCER
OENERYEICRELEDOTH L. EHEBSABO
A EICRBOREB O TH AL, BcLT,
EROEFOBFEM (unilocular) @ “large mero-
4 € D SEM (multilocular) @ “small
ESNEE O JEHE D S EkT 2 hEHEHE
thih 2METH 5 L EDLRER ST,
B HE B W
BUEICHERT 2 495 € (FILUE OV S yapitt)

I, BN R
(SWINIIOE)), KichER (Petaurista petaurista gran-
dis (Swinmor)), HHEMR (Petaurisia alborufus

“in addition to the large cysts there

cyst” & A

merocyst”

(Belomys kaleensis

pearsoni

lena Tuomas), PR (Petaurista pectoralis
(SWINHOE)) O 4 T LT A DS, ZEEIHRE

it L @1, Bk (#EK 200 ~ 460m, HRIKE
O ¢, Urai, Limogan, Labau, Tampeya @
LIRES D) WIRNT, Atayal EOBERDFICE
o THESNICKREBRTH- T, FIEHRENH A
RIS NI bDTH S, REREEZ ~HELTR

Plasmodiuw sp. MER et GOLDBLUM

Hepatocystes kochi var,

Plasmodium vassali (Laveran, 1905)
Plismodium pteropi BrEINL, 1911
Plasmodium ratufae DoNovan, 1920

Plasmodium limnotragi VAN DEN BErG’HE, 1937

, 1947

Hepatocystes kochi GarNuAM, 1948
Plasmodium sp. nr. vassali Ray, 1949

Hepatocystes vassali malayensis FIELD et EDESON, 1949

wui Yokocawa, 1953

Hepatocystes vassali var. Yokogawai C.L. Wu, 1953
Hepatocystes epomophori RODHAIN, 1953
Hepatocystes hnppodo::amz GARNHAM, 1958

FThEKkom<TH5 (Table 1D.

MR : —pist & LT, merocyst OFIEITS
WoF, MEREERD S (B1%5), 7, NBRE
Hehsd 5 DIC, merocyst D FEIEET AWIENEA LD
o728 (B 3BRUHL0E), BLT, HEORRAR
—FH LT, RIS RO T, SRR OER
LRAVE N, SHEAR—2REI LTV TRE
NSRBI E ST IIHR T 5 0 L Db,
Btk (ring) 257 &=, (ameboid form) ¥
THL, MERAROKTOWET 5 DB Ao
25, 3L O EAE £ T Btk (segmenter) i

—EY B S NI e fo. ——HFERHEIZE L CHERD
Wiz, MEMEAERERMELY, SEEBROBEIITRNT

12, ERRARL, FVERR, GRETFRIPECT
L, BY, ZRROMCHETS. i, FERO
BB EHET AEAHOEGLRS- T, £O5HG, B
FERTRREOBRICHAINLIOEEET 5. MY
ERRMAE, $BEMICEARER L, ORI
NS, MOEKE—IRICBRPESTS. €0
ERERAT 3 1Cits TEMMIKI D, HATERE
&S L, ZARBICTOAE OIS RLEICEE
+ 7., ——Parasitemia L TE& T, AR
BROBEOHERBADOLNLH, TR (stipp-
ling) A&7 5 &IV,

DENKIRE (merocyst) 1 —

AV EH 25RO S HICHR W TIREE (kochi
type) i3 FEHEM (vassali type) o ERF 3 HEF
M (anilocular) o “large merocyst” D35 54,

Fir, HITERUHIFITH LTI, “clusters of
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Table 1l. Incidence of Hepatocystes infection of flying squirrels
Number of [ date of } Biood Number of merocys;m* [ Form of meroicyst:sr
the animal | examination ‘infection% on and in the liver ; in sections
1 1 21~25/K '59§ —~ | None
2 L 22~D5/) 159 -+ i 34 fresh and calcified spots “Large” unilocular
3 22~26/{ 59 ‘ + | None
4 23~25/K 59 -~ |14 spotlike cicatricial traces
5 251X 59 ‘ ? ‘ A good many fresh spots “Large” unilocular
§) L12~157 % 59 ! + ! A single calcified spot
7 15~31/X 59 1 - | 10 fresh and calcified spots “Small” multicystic
8 4~15/X '59 | + ‘ 30 fresh spots on and in the liver Both-mixed
9 ‘ 27~29/X1 159 -+ i 12 fresh spots on the liver “Small” multicystic
10 2/ 1~11/0'60  + | None

small discrete cysts each with limiting memb-
rane” (Ray 1949) ME 54, # 8 BIC R TIdFi%
BRAELTHe B, © %4, “multilocutar”
(Garniiam & Piok 1952) & %5 &, 1O BED
FASEDS B » AT LSO LD ICBb B, il -
(), PNEENEEIERL T1HO WRTRL
BEIBMEGR ST 5 O T H- T, “multicystic” (Ray
1949) W-SDOBEMTH L EEL Sk, cDES1
ERIAMEDTS % o 72 merocyst 2, K107y
E20MMEHL, B 1.5mm #i, EHEY O B T
Ho T, MABFEMICKRET S &, Ray (1939) Hifgige
L7c X518, 4 D——merozoites % 44 T4
M2 9 B a#E(“small cysts”) B HEET L HDTH
© T, ENSEEUtERA ML, B,
fa, M, AR, ARME, SeikE A
HEDAZFERIEIC Lo THENTNT, 210
SRNCZEVE, B, B, EMEHAESRONE. T
Wb, WRANICEZ 2 IFEE O /N BE 513, “small
merocysts” O 1 EHEAZ U FFEBOBY: L o854
SHELBD ThHo T, RS EAKTE — pseudo-
merocyst EFEATH LU, “Small merocysts” #
DEDEAR TR Z 72 1. Merocyst O FERB
BA (Giemsa Heh) ICNTIZ, B (kochi type)
SILSEBAEL (vassali type) ICR S 12150 D EE
SRR JE R —— “non-pigmented solid schizont
DD DI, KR ESEERDOED XS5 5450
BDTER LS Bk OB B L, $ 7, #1ickh

B

LI TREDE I, 500, REDFNTZELAD
F OIS LRI S L & N, “merocyst” A/
BOEFETHLTENMONG.

B8 & #H

GarxaaM & Pick (1952) (3, Hepatocystes kochi
BIED 7 79 HD 21T AT, Ray (1949) 28
Himalaya O 4+ IR/ X5 78, “multilocular

s
afffl

appearance of the merocyst” %R, ZH7EE
Yo E LN TR AR ERE Uiciobdic %t
R DY REICEEL —— WE KD BT (infolding) & 4k
(branching) %37/ LR THAD & B, #h
ER—RHOMRE (sub-species) T FH U O &k
TSI (special stage) & 13 Rk LBE & SR T
5. L3I, FHEFPHWOWLRTH S Z 1o kKHRE
Bl merocyst 17, ——fifE#% 10 H % T
1C#) &8 ——E R 75 5 2 B (kochi type) 1z Y
AB (vassali type) D41, Ray (1919) D/ S
“multicystic” @ merocyst MEIREA & BifkEA
bR ONIDT, —EHEOIEEH (“unusual
form”, Garnmam & Pick, 1952) 55 X 0L, #7
LA, kochi Fr¥ vassali L3I D Hepatocystes
ERBLINDTH T, BREFED LD 11,
Hepatocystes rayi Toxkura & Wu, 1961 4L
1ODTEH 5.

A D 2y En<5y 7 RGP T,
Ray (1949) »: Himalaya® £ 1 #)h T BT sk

N
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CNPHERE 2 OW|ETH 5. —2) “Multicystic”
0 merocyst ZIYK I 5 Hep tocystes [T HE T
'3, Garxuam & Pick (1952) @ Afria OREICRT
PRABEZFWEETNE, chBHREEIORE T

vassali type OffIZ rayi type (multicystic mero-
cyst KT 2) © Hepatocystes DIRYeT 2,
MIBUSERE s eE.
IR RE AR I Y 1o o TSR Z oo fobk—
BRI 5.

%
HbH. ——3) BEE LAY EICIT kochi type ®ix
& £ X
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Summary

Now it has become important to notice, since GARNHAM (1948) has changed with a well-
grounded claim the name of Plasmodium kochi to Hepatocystes kochi, that the experimental
malarioloy must pay an attention not nony to parasites of Plasmodium but to those of Hepato-
cystes also. Wu (1953), one of the presentauthors, had formerly reported two species of Hepato-
cystes of Formosan monkeys and squirrels. See table I in the text also.

This time, the presence on the surface of the liver of merocysts peculiar to Hepatocy-
stes in 7 out of 10 flying squirrels, Pet urista petaurista grandis (Swinuor), which were caught
by natives of the Atayal trice for stuffing in Urai District of Taiwan, and then sent for
dissection before long.

In general the parasitemia was slight. There were mainly young and mature gameto-
cytes, crescent to round forms, with fine pigments, but any schizont with more than two
segments was never seen in the blood. Merocysts in the liver, approximately 1.5 mm in
diameter (generally smaller than those of the kochi type and larger than those of the wassali
type), amounted to 1 to 34. A histological examination was done in 5 of the animals which
had fresh pellet-like merocysts in the liver. “Unilocular larger merocysts” (Garnmam &
Pick 1982) of the kochi or vassali type in the first two cases, “clusters of small discrete cysts
each with limiting membrane” (Ravy 1949) in other two cases, and both types mixed in the

last one were observed. See table II in the text also.
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It was found that there was no membrane which was surrounding the whole cluster of
small cysts each containing a good many merozoites, but that it was directly surrounded
by a granulative proliferation zone consisting of fibroblasts, round cells, histiocytic cells,
star cells and multinuclear giant cells. Furthermore, it was found that degeneration, nec-
rosis, congestion and newformation of capillaries were noticed partly in this area. Each of
these small cysts is invisible to the naked eye. A cluster of small cysts, being surrounded
by a proliferative zone and consequently visible to the naked oye as the whole, would rather
be named “pseudo-merocyst”. Ina word there are true small merocysts in each large “pseudo-
merocyst”, The presence of such true small merocysts as above-mentioned was demonstrated
not only in sections but in smears from each “pseudo-merocyst”, Giemsa-stained, also, as far
as it was of a fresh and non-calcified stage. In these smears, many small cysts emptied of
merozoites by press were observed in places, taking an appearance like discarded red para-
chutes on the earth. Besides there were some fig-like cysts with content. See photographic
figures in the plate also.

Conclusion:——

As far as our observation of a malarial parasite, Hepatocystes, of Formosan Giant
Flying Squirrel is concerned, “multicystic merocyst” (Ray 1949} seems to originate from
another species of Hepatocystes than kochi and wassali. It is not thought to be “unusual from
due to the extrem infolding and branching of the plasmodial rim” (GArNHAM & Pk 1952),
but it is likely a normal form proper to the parasite. That is to say, it is naturally “mul-
ticystic”, but not “multilocular”. The appropriate name for this parasite would be, until
further notice, Hepatocystes rayi Tokura et Wu, 1961, in honour of the discoverer.

Flying squirrels in Taiwan are demonstrated to be infected with Hepatocystes of the

kochior vassali and rayi types at a considerably high rate.

Explanation of the plate

Fig. 1. Merocyst of the rayi type. Cluster of small cysts (“multicystic”). Magnified
to 150:1. —— Fig, 2. Ditto. Manified to 600:1. —— PFig. 3. Ditto. Each cyst contains
numerous merozoites. Magnified to 1500;1. —— Fig. 4. Smear from a “pseudo-merocyst”.
A fig-like merocyst replete with content. Magnified to 1500:1. —— Fig. 5. Ditto. Scattered
merocysts emptied of content by press. Magnified to 600:1. — Fig. 6. Ditto. Two para-
chute-like empty merocysts. Magnified to 1500:1. —— Fig. 7. Early stage of a merocysts
of the kochi or wassali type. Magnified to 150:1. —— Fig. 8. Two mature merocysts of the
same type. Mangified to 150:1. —— Fig. 9, Smear from a merocyst. A mullbery-like non-
pigmented solid schizont of the kochi or wassali type. Magnified to 1500:1. —— Fig. 10. Area
of outer wall, limiting membrane, and merozoite-zone of a merocyst of the kochi or wvassali
type. Magnified to 1500:1. —— Fig. 11. Two merocysts of a Formosan squirrel previously
reported. Magnified to 1500:1, —— Fig. 12. A merocyst of a Formosan monkey previously
reported. White part = gap; massive black part in the centre = vacuole with colloidal
fluid; circlewise blackened part = merozoite-zone with embayment. An ill-made photography.
Magnified to 75:1.
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