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LB (1956), BREREE(1958), il (1959), TFME(1963), BT ik(1964), HifR(1964),
K EE0965)%, WPRUFELE—BIMBHRAL 4.27% GKILE,1956), HAME
ERAUREORFTHTNFARETERALR. PRRIERIE L. EEMK
R EFRHBROR RO EEMHTRLE R L F (Symmers, 1905; Day, 1937);BNA
X AEDRBEOEERESEABSE, 1956). P RFHFHALEIK Y
AEHM(1961), A K (1964), REEZHMMEF Ol SURIER BRI (ZEE
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HENRASS, ik, ROk R nENEE, EENRRBREREN, 2ER
WMELES K. Plnh S ARRAMBORE, SEFERN TEMTREGEN. EM
HXFEOET, BB AE SRR TERE R, G RMA G TSR RURE T
%\:W‘JKEO

MR SRR FENFE, ERAISBABEANIT S ERN “GHAR (overflow
phenomenon) 3% o X 86 st fk R B FF T BB AT ST PR 7E 5 H WO £ B (side-tracked from
normal location), Moore 2 (1949), Yolles % (1949) iR & AR U TR —FLL L&Y
SNk EM B SRR TN EEEHR G o Grimaldo 5 Kersbaw (1961) #47
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BT AT THOR S, RSB SHRAR (sinusoid) AU BRI IS AFF 46, 3601
TifBbit. b2 Rt A, S 1 5 HIIER, (i85 R Bibk, R — s
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SO R AREN AT B AR B RERRAY AR 590+ RERE
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ZVERSGR

gt AAnBARAETRHHERAUFEHRE

ABALBADARANEN B ADRERHBRIVINER, REERTRENEYHEE
LR Y AE B A MR S5k R RS EFBORR Hoh, MUBARNEUBS
4T, REEAAMR R BELRHPENFAFEOEL ZRUT,

(=) RBSROHBARBAREARNHRR A 50—1000 FARBEH B X
% B RLNAE 75 R R 23—56 KA H, ARARM F LN/ R K
19 1, HAEBRERMY 253%00L 2750—7200 RRBBHLET o R, ERYF 26—62
fﬁ%‘l,%ﬁiﬁloo%)ﬂﬁﬁiﬂﬁﬁﬁé(ﬂ% 1% 2)o MFE 1 BT LEHETARR 75
Uha BB ERARTREEHHENAR, FRBFUEEARNEARAAEE,
R/ E R FEGPRTRD, BERWREREN, HERMBEAK
HEALREGEE, TERLE 50—150 ZHVRARE 25 2, HERFENEERE 3
R, G AARTBLRIR N 120%, REEH) 151300 Z00/hEAR 30 R, ARUSER



22 ] L % 4 19 %

%1 TR#RAE% 0% R R TR H(B-56 %)
EARGPFEESNTENBAIRT

samrny | 4R % B4 2 ‘
so—1s0 | 35 | JZAD 1(2) 20 | SRASRERE NN
o |0 |Gy | 0w | e
30—600 | 11 fg{’ig ﬁl&yf& 22.3) 5(45.5%) fﬁgjg%ggﬁ BHBER
mo—ton | 9 |[{AL I 7(77.8%)

# # oo 195.30) 4(5.3%) 19(25.3%) Eﬁ@ggg”ﬂﬁwmﬂm

RRH 4 R (13.1%) BHEAE 350—600 70 700—1000 M R A, LR FE
HESESEAT 45.5% F77.8%, Moho RETFHTRETARNEY, ERERE
BRRRAFE, FTDEEERE ERENRBAEAERERERT, TRRRTRY
TRENEYWH,
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L RAFENRFERL: AALDRARRERNFRROSDDEANRERL, &
B RIEIK(77.8% ), JE R #BK(88.9% ) .00(66.7% )5 HUKZ MK RIATRMK, #
BRKRIT# Bk 22.2—33.3%, BONNEMAGHAED, R TREADREL(E
11.1%), ZEBREGKHBTREN—X Qg RS mEARK L0, 3k
SHE R RB—#, B R RN, FER AT L HN(ERL13), &
B R IR BIK S 4 &, B NERE 42 KA THESRAERIN KR, AL
BHREA (8.948% 0.602 X)), FIEN X — R FAUR AT SR pTERE H) R T(10.579—
20.672 X0.757—0.835 %) MR BBE N XTEEHTRRELRAAERES
BERE, BEMRENEEEERTNER. BRERRREEN 3 SEARAN
hk (BRI, 1,2), XRETRETIEERLN. F—RKBLEH 4000 &, 32 KENK
) 3200 Sk JEP KB 29 REA TR, AR SKHIREN _&Ba0—%
Mo 35 ML i v TR B BUAAELL R, %ET%JX@%E’J% HEE, AL
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2. BAMR R EhA & RH T4 A R R2:

A. EABIK (vepa cava posterior): RPEMIES, HABKOET, EEEHER
BB SREAE R ESRE BB h k. BRAVE RSB RA&ER N
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F. bk 20 ERRETE RS  BIRTERHE hik D B LS I
B bR, RITERRA 7200 % B 1 Toh, ROUETRAH: Bk, HEgR BX 6 DI
RS E MR bR SAME IR —HhE A, G 7E e Bk o0 E BB
SR AR SR AER DM Rk, BIEASRIOR MR SR LI & M AR
BRI, TR 25 B A RN DR ERIIRE. '
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STUDIES ON ECTOPIC PARASITISM OF ADULT AND JUVENILE
SCHISTOSOMA JAPONICUM IN THE FINAL HOST

Tana C. C., Taxe CHUNe-TI, AND Tanag CHa0

(Parasitology Research Laboratory, Amoy University, Fukien)

By ectopic parasitism is meant the oceurring of adults, eggs or schistosomules in
locations outside the portal venous cireulation of the final host and is regarded as the
cause of lesions which produce grave clinical symptoms and consequences. Since ecto-
pic lesions are often associated with acute schistosomiasis induced by heavy infesta-
tions, its etiology is considered to be an “overflow phenomenon™ of worms from their
normal site of location in mesenterie-portal veins.

Experiments were conducted to infect mice and rabbits with large number of
cercariae in different groups, such as 50—400, 401—600, 601—1000, in mice serles,
9750, 2900, 3500, 4100, 4500, 6950, 7200, 3000, 5500, in rabbit series. It was found
that the more cercariae were used, the higher rates of experimental animals with ab-
normally located parasites would occur. When the numbers of cercariae increase up
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to 2750, all the infected rabbits were found to harbour worms in ectopic locations.
With regard to the ineidence, the inerease in number of ectopically located worms does
not correspond preeisely with the increase of cereariae, signifying that chance-factors
still play an important part.

Adult worms were most often found from lungs and arteria pulmonalis (717.8%),
vena eava posterior (88.9%), right heart (77.8%), vena hepatica (44.5%) and less
frequently in vena pulmonalis (22.2%), vena cava anterior (33.3%), vena vertebralis
(22.2%), vena intercostalis (11.1%), arcus aortae (11.1%) and left heart (22.2%).
Those worms from lungs, right heart, aorta dorsalis, areus aortae, vena intercostalis
are all fully mature; male and female were found in copula with numerous eggs in
the uterns. Four worms were found from vena vertebralis. They were not found in
copula but their ovaries and testes were already developed.

Developing schistosomules were also found from vena cava posterior (7, 8, and
13 days infection), vena hepatica (10, 16 days infection), vena vertebralis (8 days
infection), right heart (16 days infection) and arteria pulmonalis (16 days infeetion).
It is of interest to note that in vena cava posterior during early development (7—8
days) the schistosomules were grouped in the thoraciec portion of the vein while in
16 days they were found to migrate to the abdominal portion.

It is postulated that the adult worms in vena cava posterior probably migrate
through the iliac vein. Those adults in the hepatie vein may come from vena cava
posterior or from the liver by passing through the sinusoid of that organ during very
young schistosomule stage. Worms in pulmonary artery and right heart probably
arrive there also from vena cava. In the lungs adult worms are usually present in
large number. They fill all spaces in the lung tissue. Evidently schistosomules in
the lungs are the source of infection for the pulmonary vein, the left heart, aortic
arches, dorsal aorta and other vessels in systemie eireulation.

Lungs are the organs most commonly involved in ectopic schistosomiasis. For-
merly it was considered that this disease was more common in infections with Schis-
tosoma mansons and S. haematobium. Recently many clinieal cases are also reported
in China with §. japonicum. Pulmonary sehistosomiasis may be as high as 76.8% ameng
patients in acute infections and 9.1% among chronie patients (Mao and Huang, 1964).
Ectopie lesions of lungs are caused either by egges circulating as foreign emboli, arrested
in lung capillaries or by worms which are themselves within the Jungs. The latter can
also deposit eggs in the lung tissue. These eges can provoke pathologic changes such as
~psudotubercle™ formation. Selerosis of the pulmonary arteries has been claimed as the
most important change in lung schistosomiasis, leading to a condition resembling Ayer-
a’s disease. Adult worms of S. mansoni were found in lungs of such patients in
Egypt (Shaw and Ghareeb, 1938). In China same findings were recorded om post
mortem examination of lings of two patients died of acute schistosomiasis (Wang,
1961; Hsu and Yang, 1964). Apparently those schistosomules which are arrested in the
lung ecapillaries are those arriving there after passing through the barriers of the liver
tissue or from the portal-caval anastomoses. It is unlikely that those schistosomules
during their primary course of migration are retained in the lung.

Brains of experimentally infeeted rabbits were examined for sehistosomal eggs.
They were found in all parts of the organ including the ecerebrum, cerebellum and
mesencephalon, They were found in all the temporal, parietal, frontal and occipital
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lobes. In one rabbit as many as 2174 eggs were recovered from the brain and the
spinal eord. They are distributed as follows: frontal 852, temporal 389, parietal 102,
occipital 645, cerebellum 29, mesencephalon 8 and spinal cord 153. With regard to the
source of these eggs, judging from the situation of the infected animals examined, it
is eonsidered that they probably escape from the pulmonary cireulation or from adult
worms present in the aortic arches, anterior and posterior vena cava of the rabbits.
Some views have been advanced by previous investigators regarding the mechanism
involved .in cerebral schistosomiasis. They consist of the following: (1) eggs escaping
through the pulmonary circulation and carried by the blood stream as emboli into the
brain, (2) schistosomules which have been side-tracked develop in the sinus or veins
in the brain, and subsequently ovipesit in the venules of that organ. These views
have been discussed by parasitologists and medieal men with regard to their possibilities.
In support of the latter theory, it may be stated that adult Schistosoma joponicum
have been found in the middle cerebral vein by Fujinami and Nakamura (1913). The
result of the present investigation throws some additional light on this subject. The
finding of both adults and schistosomules in vertebral vein is of significance. Batson
{1940) who studied this venous system, reported that these veins have no valves and
there are grequent reversals of blood flow. Since this system has anastomoses with
other venous systems such as pulmonary, portal or caval, its importance as a natural
intercommunicating channel is evident. We also found a pair of worms in eopula in
vena intercostalis which eonmects through vena azygos with the caval system. While
previous investigators suggested the possibility of vertebral venous system as a path-
way through which eggs en masse or young schistosomules inay be carried to the brain
or spinal cord, no positive evidence has ever been given. On two occasions four adult
worms were found in this venous system, one in the vein at the seventh thoracie
vertebra and three others (two males and one female) were found'in the sinus inside
the first eervical vertebra. The latter position is so near to the brain, so that one can
see the readiness with which eggs when deposited can be carried into the cerebral
venous circulation.

Special emphasis has been made on the passage of schistosomules through the
capillary barrier of the liver. It was found that in the massive invasion of the cer-
cariae during 5—15 days after infeetion, the liver of the mice showed haemorrhages
caused by damage of the capillary walls of portal venules, so that the blood as well
as the young schistosomules escaped from vessels and were found collected in spaces
surrounded by neerotic liver tissue. These schistosomules either go astray or may
penetrate into the small venules of the hepatic vein. It was also found that some
sehistosomules ean also pass through the sinusoid to the central vein of the liver lobule,
where they will be carried elsewhere but majority of the schistosomules arrived that
location via the damaged capillaries and tissue as deseribed above. In our examina-
tion of microseopic sections of liver, we found 37.5% of the infected mice with such
pathologie changes. Those young schistosomules recovered from the liver, when stained
vitally with alizarin and lithium earmine, showed the presence of remnants of penetra-
tion gland material, a phenomenon similar to that in schistosomules of 8. mansont,
which under conditions of invasion with overwhelming numbers of cercariae, retain
some of the contents of both preacetabular and postacetabular glands (Stirewalt and
Kruidenier, 1961).
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